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Figure 9-2. Distribution of the sensory spinal roots on the surface of
the body (dermatomes). (Reproduced by permission from Sinclair.)
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NOTICE

Medicine is an ever-changing science. As new research and clinical expe-
rience broaden our knowledge, changes in treatment and drug therapy
are required. The authors and the publisher of this work have checked
with sources believed to be reliable in their efforts to provide information
that is complete and generally in accord with the standards accepted at
the time of publication. However, in view of the possibility of human
error or changes in medical sciences, neither the authors nor the publisher
nor any other party who has been involved in the preparation or publica-
tion of this work warrants that the information contained herein is in
every respect accurate or complete, and they disclaim all responsibility
for any errors or omissions or for the results obtained from use of the
information contained in this work. Readers are encouraged to confirm
the information contained herein with other sources. For example and in
particular, readers are advised to check the product information sheet
included in the package of each drug they plan to administer to be certain
that the information contained in this work is accurate and that changes
have not been made in the recommended dose or in the contraindications
for administration. This recommendation is of particular importance in
connection with new or infrequently used drugs.
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Preface

Neurology is the broad field of clinical study of the ner-
vous system. As a profession, it is a highly enjoyable
endeavor that is a constant source of professional and per-
sonal enrichment. Through Principles of Neurology we
have the privilege of continuing a tradition established 35
years ago by our esteemed teachers Dr. Raymond D.
Adams and Dr. Maurice Victor. Our friend and colleague,
Dr. Robert Brown, ably participated in the eighth edition,
adding his expertise in the neurosciences, much to our
benefit and that of the book.

Principles of Neurology originated from the chapters on
neurological diseases in the first several editions of Harrison’s
Principles of Internal Medicine. The continued expansion of
these sections by Adams and Victor, despite repeated com-
mitments to shortening them, led an exasperated Tinsley
Harrison to exclaim to Dr. Adams “.... we’ll have to change
the name of the book to Principles of Internal Medicine and
Details of Neurology.” Ray Adams wrote the entire first edi-
tion of the book in longhand during his summer vacation of
1975 in Lausanne and asked his highly regarded young col-
league Maurice Victor to round out the manuscript over the
following year. Adams and Victor attracted considerable
attention by initiating a new style of pedagogy that empha-
sized the basic principles of neurology before introducing the
disease entities.

While the enormous advances in imaging, genetics,
molecular biology, and pharmacology have improved our
capacity to diagnose and treat disorders of the nervous
system, they have not reduced the necessity to understand
certain basic principles of anatomy and physiology, to
obtain the correct history, perform a capable neurological
examination and to cohere them based on a body of clini-
cal knowledge and experience. We continue the original
structure of the book, re-affirming that comprehensive
knowledge of clinical neurology is required to meet the
challenge of this sophisticated specialty. We have also
maintained personal authorship with the hope that a sin-
gle voice will allow the reader to enjoy the experience of
learning the field from two longtime practitioners in a
manner similar to the way we learned it from the original
authors and their colleagues.

In taking the responsibility of revising this book, we
acknowledge that pedagogy in medicine has changed
enormously to accommodate technical advances, particu-
larly those in imaging. However, certain principles seem
immutable and they derive from the traditional principles,
virtues, and logic of medicine that dominate neurological
thinking. Clinical neurology, being an applied science,
depends on a set of heuristics that direct the clinician to
the best diagnosis and therapeutic plan. This book pro-
vides an exposition of clinical material in an order that
should allow the reader to obtain a comprehensive view
of the field and at the same time appreciate the full
breadth and depth of each disease of the nervous tissue.

At the same time we have written the chapters on major
diseases in a manner that allows the book to be used as a
reference in depth.

Certainly, advances in neuroscience inform one’s per-
spective on the nature of disease and produce a fuller ap-
preciation of the manifestations in each patient. A case in
point is the large number of previously inexplicable de-
generative diseases that have yielded to scientific under-
standing on the levels of pathology, genetics, subcellular
mechanisms, and neurochemistry. At the same time, thera-
peutic advances often precede basic understanding of dis-
ease and the neurologist has the duty to provide the best
possible treatment at the time, even if science has not pro-
vided a full explanation or mechanism. Examples abound;
we have an incomplete understanding of epilepsy, Parkin-
son disease and multiple sclerosis but many reasonably ef-
fective treatments have been devised. While the
neurosciences are the instruments of advance in under-
standing disease, the work of clinical neurology is more
pragmatic, yet it retains its own form of scholarship. Neu-
rology is not simply a trade in relation to the sciences. Dif-
ficulty in mastering neurology derives from a need to
combine considerable knowledge and personal experience
with special skills of observation and disciplined thinking.
Our goal is to present an assemblage of clinical knowl-
edge, and we hope wisdom, rather than disembodied
facts. The book contains information that should be the
property of the well-educated physician at all levels, in-
cluding the medical student, resident, practitioner and ac-
ademic physician. The neurologist stands at the nexus of
the study of the nervous system and includes many as-
pects of general medicine, psychiatry, neurosurgery, pain
management, rehabilitation, ophthalmology, otolaryngol-
ogy, anesthesiology, critical care and emergency medicine
and Neurology serves as Medicine’s spokesperson to soci-
ety on matters such as mental capability, learning and
teaching, aging and the brain, death, and disability. There-
fore the breadth of Neurology has directed the liberal in-
clusion of material in the book.

Neurology, like internal medicine, has become increas-
ingly subspecialized. Modern departments of neurology
include divisions of stroke, epilepsy, movement disorders,
sleep, neuromuscular disease, multiple sclerosis, pain and
headache, otoneurology, neuro-ophthalmology, cognitive
and behavioral neurology, critical care neurology, spinal
disorders, neuro-infectious diseases, cancer neurology, and
pediatric neurology. Yet, there is a need for all clinicians,
including the subspecialist, to maintain a comprehensive
understanding of the major categories of neurological dis-
eases. We respect and commend the community practi-
tioner who by necessity maintains a broad gauge view of
the field and we write with them in mind.

We thank our many colleagues who reviewed chapters
and suggested alterations or additions. Several readers
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made invaluable contributions: Roland Eastman, Anthony
Amato, Edward Bromfield, James Lance, Marc Dinkin, Jun
Kimura, Jaime Toro, Elio Lugaresi, and Werner Hacke. We
are indebted to Susan Pioli for her superb editorial skills,
Desi Allevato of Silverchair for her compositing efforts, and
Kim Davis of McGraw-Hill for her efficient work as our
developmental editor. We thank Anne Sydor of McGraw-
Hill for her publishing expertise and for promoting the
goals of the book.

This ninth edition introduces as an author a consummate
neurologic clinician and teacher, Dr. Martin A. Samuels.
Marty brings intelligence, style and accessibility to Neurol-
ogy and particularly to its interface with Internal Medicine.
His thoughtfulness and clinical experience extends to all
aspects of clinical material, and his exceptional teaching
skills have been used to full extent in updating the text. It
has been a pleasure for us to challenge each other in consid-
ering the needs of our clinician colleagues during the pro-
cess of rewriting the text.

We are, of course, products of our exposure to influential
if not charismatic teachers. Raymond D. Adams was the
progenitor of several generations of influential neurolo-
gists. He inculcated a method for approaching complicated
neurological problems in a manageable way. Observing his
analysis of a patient’s problem gave students the impres-

sion of remarkable ease and fluidity reminiscent of watch-
ing a gifted artist or musician. Dr. Adams knew the field so
well and thought so critically, based in large part on his
experience with neuropathology, that he allowed all of his
residents to believe that they too, could and should aspire
to excellence. His encouragement and cultivation of enor-
mously talented colleagues such as C. Miller Fisher and E.P.
Richardson, among many others of that time, reflected an
unpretentious self-confidence, flexibility of mind, and mas-
tery that derived enjoyment from the brightness around
him. He read widely in neurology, medicine, and literature
(in several languages; he often reminded us by providing
articles that were beyond our personal reach) and was
always ready to incorporate the modern advances in sci-
ence into his thinking. His hundreds of residents wished to
model themselves after him not because of personal sua-
sion or celebrity but because of a genuine admiration for his
intellect and intensely cultivated clinical skills. In tribute to
Dr. Adams this ninth edition, published soon after his
death, serves as recognition of his lasting accomplishments
from his grateful students.

Allan H. Ropper, MD
Martin A. Samuels, MD
Boston, March 2009

Raymond D. Adams
1911-2008
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Approach to the Patient with
Neurologic Disease

Neurology is regarded by many as one of the most diffi-
cult and exacting medical specialties. Students and resi-
dents who come to a neurology service for the first time
may be easily discouraged, and may already be intimi-
dated by the complexity of the nervous system through
their brief contact with neuroanatomy, neurophysiology,
neuropathology, neurogenetics, and cell biology. The rit-
ual they then witness of putting the patient through a
series of maneuvers designed to evoke certain mysterious
signs is hardly reassuring; in fact, the procedure often
appears to conceal the intellectual processes by which
neurologic diagnosis is made. Moreover, the students
have had little or no experience with the many special
tests used in neurologic diagnosis—such as lumbar punc-
ture, EMG (electromyography), electroencephalography,
CT, MRI, and other imaging procedures—nor do they
know how to interpret the results of such tests. Neurology
textbooks only confirm their fears as they read the
detailed accounts of the many rare diseases of the nervous
system.

The authors believe that many of the difficulties in com-
prehending neurology can be overcome by adhering to
the basic principles of clinical medicine. First and fore-
most, it is necessary to learn and acquire facility in the use
of the clinical method. Without a full appreciation of this
method, the student is virtually as helpless with a new
clinical problem as a botanist or chemist who would
undertake a research problem without understanding the
steps in the scientific method. Even the experienced neu-
rologist faced with a complex clinical problem depends on
this basic approach.

The importance of the clinical method stands out more
clearly in the study of neurologic disease than in certain
other fields of medicine. In most cases, the clinical method
consists of an orderly series of steps, as follows:

1. The symptoms and signs are secured by history and
physical examination.

2. The symptoms and physical signs considered relevant
to the problem at hand are interpreted in terms of
physiology and anatomy—that is, one identifies the
disorder(s) of function and the anatomic structure(s)
that are implicated.

3. These analyses permit the physician to localize the
disease process, i.e., to name the part or parts of the
nervous system involved. This step is called anatomic,

or topographic, diagnosis. Often one recognizes a char-
acteristic clustering of symptoms and signs, constitut-
ing a syndrome of anatomic, physiologic, or temporal
type. The formulation and aggregation of symptoms
and signs in cohesive terms is particularly helpful in
ascertaining the locus and nature of the disease. This
step is called syndromic diagnosis and is often con-
ducted in parallel with anatomic diagnosis.

4. From the anatomic diagnosis and other medical data—
particularly the mode and speed of onset, evolution,
and course of the illness, the involvement of nonneuro-
logic organ systems, the relevant past and family histo-
ries, and the laboratory findings—one deduces the
pathologic diagnosis and, when the mechanism and cau-
sation of the disease can be determined, the etiologic
diagnosis. This may include the rapidly increasing num-
ber of molecular and genetic etiologies if they have
been determined for a particular process. Expert diag-
nosticians often make successively more accurate esti-
mates of the likely diagnosis, utilizing pieces of the
history and findings on the examination to either fur-
ther refine or exclude specific diseases. Flexibility of
thought must be practiced so as to avoid the common
pitfall of retaining an initially incorrect impression and
selectively ignoring data that would bring it into ques-
tion. It is perhaps not surprising that the method of
successive estimations works well in that evidence
from neuroscience reveals that this is the mechanism
that the nervous system uses to process information.

5. Finally, the physician should assess the degree of dis-
ability and determine whether it is temporary or per-
manent (functional diagnosis); this is important in
managing the patient’s illness and judging the poten-
tial for restoration of function.

All of these steps are undertaken in the service of effective
treatment, an ever-increasing prospect in neurology. As is
emphasized repeatedly in later sections, there is always a
premium in the diagnostic process on the discovery of
treatable diseases, but even when specific treatment is not
available, accurate diagnosis may, in its own right, func-
tion as a therapy, as uncertainty about the cause of a neu-
rologic illness may be more troubling to the patient than
the disease itself.

Figure 1-1, a procedural diagram by which the clinical
problem is solved in a series of sequential finite steps,

3



4 Part 1
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THE CLINICAL METHOD OF NEUROLOGY
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Mode of onset
and course
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of the lesion

—>

Appropriate lab tests

Pathologic or etiologic
diagnosis

Figure 1-1. Steps in the diagnosis of neurologic disease. The clinician proceeds from left to right in order to make a diagnosis.

summarizes the foregoing approach to the diagnosis of
neurologic disease. This systematic approach, allowing
the confident localization and often precise diagnosis of
disease, is one of the intellectual attractions of neurology.

Of course, the solution to a clinical problem need not
always be schematized in this way. The clinical method
offers a much wider choice in the order and manner by
which information is collected and interpreted. In fact, in
some cases, adherence to a formal scheme is not necessary
at all. In relation to the aforementioned syndromic diagno-
sis, the clinical picture of Parkinson disease, for example, is
usually so characteristic that the nature of the illness is at
once apparent. In other cases it is not necessary to carry the
clinical analysis beyond the stage of the anatomic diagno-
sis, which, in itself, may virtually indicate the cause of a
disease. For example, when vertigo, cerebellar ataxia, a
unilateral Horner syndrome, paralysis of a vocal cord, and
analgesia of the face of acute onset are combined with loss
of pain and temperature sensation in the opposite arm,
trunk, and leg, the cause is an occlusion of the vertebral
artery, because all the involved structures lie in the lateral
medulla, within the territory of this artery. Thus, the ana-
tomic diagnosis determines and limits the etiologic possi-
bilities. If the signs point to disease of the peripheral
nerves, it is usually not necessary to consider the causes of
disease of the spinal cord. Some signs themselves are
almost specific—e.g., opsoclonus for paraneoplastic cere-
bellar degeneration and Argyll Robertson pupils for neuro-
syphilitic or diabetic oculomotor neuropathy. Nonetheless,
one is cautious in calling any single sign pathognomonic as
exceptions are found regularly.

The experienced clinician acquires the habit of attempt-
ing to categorize every case in terms of a characteristic fea-
ture, or a syndrome. One must always keep in mind that
syndromes are not disease entities but rather abstractions
set up by clinicians to facilitate diagnosis. For example,
the symptom complex of right-left confusion and inability
to write, calculate, and identify individual fingers consti-
tutes the so-called Gerstmann syndrome, recognition of
which determines the anatomic locus of the disease
(region of the left angular gyrus) and at the same time nar-
rows the range of possible etiologic factors.

In the initial analysis of a neurologic disorder, anatomic
localization takes precedence over etiologic diagnosis. To

seek the cause of a disease of the nervous system without
first ascertaining the parts or structures that are affected
would be analogous in internal medicine to attempting an
etiologic diagnosis without knowing whether the disease
involved the lungs, stomach, or kidneys. Ascertaining the
cause of a clinical syndrome (etiologic diagnosis) requires
knowledge of an entirely different order. Here one must
be conversant with the clinical details, including the mode
of onset, course, and natural history of a multiplicity of
diseases. Many of these facts are well known and form the
substance of later chapters. When confronted with a con-
stellation of clinical features that do not lend themselves
to a simple or sequential analysis, one resorts to consider-
ing the broad classical division of diseases in all branches
of medicine, as summarized in Table 1-1.

Irrespective of the intellectual process that one utilizes
in solving a particular clinical problem, the fundamental
steps in diagnosis always involve the accurate elicitation
of symptoms and signs and their correct interpretation in
terms of disordered function of the nervous system. Most
often when there is uncertainty or disagreement as to
diagnosis, it is found later that the symptoms or signs
were incorrectly interpreted in the first place. Thus, if a
complaint of dizziness is identified as vertigo instead of
light-headedness or if partial continuous epilepsy is mis-
taken for an extrapyramidal movement disorder such as
tremor or choreoathetosis, then the clinical method is

Table 1-1

THE MAJOR CATEGORIES OF NEUROLOGIC DISEASE

Infectious
Genetic—congenital
Traumatic
Degenerative
Vascular
Toxic
Metabolic
Inherited
Acquired
Neoplastic
Inflammatory—immune
Psychogenic
latrogenic




CHAPTER 1 Approach to the Patient with Neurologic Disease 5

derailed from the beginning. Repeated examinations may
be necessary to establish the fundamental clinical findings
beyond doubt. Hence the aphorism: A second examina-
tion is the most helpful diagnostic test in a difficult neuro-
logic case.

PREVALENCE AND INCIDENCE
OF NEUROLOGIC DISEASE

To offer the physician the broadest perspective on the rela-
tive frequency of neurologic diseases, our estimates of
their approximate prevalence in the United States, taken
from several sources, including the NIH, are given in
Table 1-2. Donaghy and colleagues have provided a simi-
lar but more extensive listing of the incidence of various
neurologic diseases that are likely to be seen by a general
physician practicing in the United Kingdom. They note
stroke as far and away the most commonly encountered
condition; those that follow in frequency are listed in
Table 1-3. More focused surveys, such as the one con-
ducted by Hirtz and colleagues, give similar rates of prev-
alence, with migraine, epilepsy, and multiple sclerosis
being the most common neurologic disease in the general
population (121, 7.1, and 0.9 per 1,000 persons in a year);
stroke, traumatic brain injury, and spinal injury occurring
in 183, 101, and 4.5 per 100,000 per year; and Alzheimer
disease, Parkinson disease, and amyotrophic lateral scle-
rosis (ALS) among older individuals at rates of 67, 9.5, and
1.6 per 100,000 yearly. Data such as these assist in guiding
societal resources to the cure of various conditions, but

Table 1-2

RELATIVE PREVALENCE OF THE MAJOR NEUROLOGIC
DISORDERS IN THE UNITED STATES
APPROXIMATE PREVALENCE

Degenerative diseases

Amyotrophic lateral sclerosis 5% 104

Huntington disease 5% 104

Parkinson disease 5% 10°

Alzheimer disease 5% 10°

Macular degeneration 5% 107
Autoimmune neurologic diseases

Multiple sclerosis 4X10°
Stroke, all types 5% 10°
Central nervous system trauma

Head 2x10°

Spinal cord 2.5X10°
Metabolic

Diabetic retinopathy 2X10°
Headache 3%x107
Epilepsy 3%x10°
Back pain 5% 107
Peripheral neuropathy

Total 25X 107

Inherited 10*

Diabetic neuropathy 2Xx10°
Mental retardation

Severe 100

Moderate 107
Schizophrenia 3%x10°
Manic depressive illness 3% 10°

Table 1-3

APPROXIMATE ORDER OF INCIDENCE AND
PREVALENCE OF NEUROLOGIC CONDITIONS IN A
GENERAL PRACTICE IN THE UNITED KINGDOM

INCIDENCE IN GENERAL

PREVALENCE IN THE

PRACTICE COMMUNITY
Stroke (all types) Migraine
Carpal tunnel syndrome Chronic tension headache
Epilepsy Stroke
Bell’s palsy Alzheimer disease
Essential tremor Epilepsy

Essential tremor
Multiple sclerosis
Chronic fatigue syndrome

Parkinson disease
Brain tumor
Multiple sclerosis (especially

in Scotland) Parkinson disease
Giant cell arteritis Unexplained motor symptoms
Migraine Neurofibromatosis

Unexplained motor symptoms
Trigeminal neuralgia

Myasthenia gravis

Source: Adapted from Donaghy and colleagues: Brain’s Diseases of the
Nervous System.

they are somewhat less helpful in leading the physician to
the correct diagnosis except insofar as they emphasize the
oft-stated dictum that “common conditions occur com-
monly” and therefore should be considered a priori to be
more likely diagnoses (see discussion, further on under
“Shortcomings of the Clinical Method”).

TAKING THE HISTORY

In neurology, more than any other specialty, the physician
is dependent upon the cooperation of the patient for a reli-
able history, especially for a description of those symp-
toms that are unaccompanied by observable signs of
disease. If the symptoms are in the sensory sphere, only
the patient can tell what he* sees, hears, or feels. The first
step in the clinical encounter is to enlist the patient’s trust
and cooperation and make him realize the importance of
the history and examination procedure.

The practice of making notes at the bedside or in the
office is particularly recommended. Immediate recording
of the history assures maximal reliability. Of course, no
matter how reliable the history appears to be, verification
of the patient’s account by a knowledgeable and objective
informant is always desirable.

The following points about taking the neurologic his-
tory deserve further comment:

1. Special care must be taken to avoid suggesting to the
patient the symptoms that one seeks. Errors and
inconsistencies in the recorded history are as often the
fault of the physician as of the patient. The patient
should be discouraged from framing his symptom(s)
in terms of a diagnosis that he may have heard; rather,

*Throughout this text we follow the traditional English prac-
tice of using the pronoun he, his, or him in the generic sense
whenever it is not intended to designate the sex of a specific
individual.
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he should be urged to give as accurate a description of
the symptom as possible—being asked, for example,
to choose a single word that best describes his pain
and to describe precisely what he means by a particu-
lar term, such as dizziness, imbalance, or vertigo. The
patient who is given to highly circumstantial and
rambling accounts can be kept on the subject of his ill-
ness by directive questions that draw out essential
points.

2. The setting in which the illness occurred, its mode
of onset and evolution, and its course are of para-
mount importance. One must attempt to learn pre-
cisely how each symptom began and progressed.
Often the nature of the disease process can be decided
from these data alone. If such information cannot
be supplied by the patient or his family, it may be
necessary to judge the course of the illness by what
the patient was able to do at different times (e.g.,
how far he could walk, when he could no longer
negotiate stairs or carry on his usual work) or by
changes in the clinical findings between successive
examinations.

3. As neurologic diseases often impair mental function,
it is necessary in every patient who might have cere-
bral disease, for the physician to decide whether the
patient is competent to give a history of the illness. If
the patient’s powers of attention, memory, and coher-
ence of thinking are inadequate, the history must be
obtained from a spouse, relative, friend, or employer.
Also, illnesses that are characterized by seizures or
other forms of episodic confusion abolish or impair
the patient’s memory of events occurring during
these episodes. In general, one tends to be careless in
estimating the mental capacities of patients. Attempts
are sometimes made to take histories from patients
who are cognitively impaired or so confused that they
have no idea why they are in a doctor’s office or a
hospital.

THE NEUROLOGIC EXAMINATION

The neurologic examination begins with observations of
the patient while the history is being obtained. The manner
in which the patient tells the story of his illness may betray
confusion or incoherence in thinking, impairment of mem-
ory or judgment, or difficulty in comprehending or express-
ing ideas. The physician should learn to obtain this type of
information without embarrassment to the patient. A com-
mon error is to pass lightly over inconsistencies in history
and inaccuracies about dates and symptoms, only to dis-
cover later that these flaws in memory were the essential
features of the illness. Asking the patient to give his own
interpretation of the possible meaning of symptoms may
sometimes expose unnatural concern, anxiety, suspicious-
ness, or even delusional thinking. Young physicians and
students also have a natural tendency to “normalize” the
patient, often collaborating with a hopeful family in the
misperception that no real problem exists. This attempt at
sympathy does not serve the patient and may delay the
diagnosis of a potentially treatable disease.

THE CLINICAL METHOD OF NEUROLOGY

One then generally proceeds from an examination of the
cranial nerves, neck, and trunk to the testing of motor,
reflex, and sensory functions of the upper and lower limbs.
This is followed by an assessment of the function of sphinc-
ters and the autonomic nervous system and testing for
meningeal irritation by examining the suppleness of the
neck and spine. Gait and station (standing position) should
be observed before or after the rest of the examination.

When an abnormal finding is detected, whether cogni-
tive, motor, or sensory, it becomes necessary to analyze the
problem in a more elaborate fashion. Details of these more
extensive examinations are to be found in appropriate
chapters of the book (motor: Chaps. 3, 4, and 5; sensory:
Chaps. 8 and 9; and cognitive and language disorders:
Chaps. 22 and 23).

The neurologic examination is ideally performed and
recorded in a relatively uniform manner in order to avoid
omissions and facilitate the subsequent analysis of case
records. Some variation in the precise order of examina-
tion from physician to physician is understandable, but
each examiner should establish an accustomed pattern.
Even when it is impractical to perform the examination in
the customary way, as in patients who are unable to coop-
erate because of age or cognitive deficiency, it is good
practice to record the findings in an orderly fashion. If cer-
tain portions are not performed (e.g., olfactory testing in a
completely uncooperative patient), this omission should
be stated so that those reading the description at a later
time are not left wondering whether an abnormality was
not previously detected.

The thoroughness of the neurologic examination of neces-
sity must be governed by the type of clinical problem
presented by the patient. To spend a half hour or more
testing cerebral, cerebellar, cranial nerve, and sensorimo-
tor function in a patient seeking treatment for a simple
compression palsy of an ulnar nerve is pointless and
uneconomical. The examination must also be modified
according to the condition of the patient. Obviously, many
parts of the examination cannot be carried out in a coma-
tose patient; also, infants and small children, as well as
patients with psychiatric disease, must be examined in
special ways.

Certain portions of the general physical examination
that may be particularly informative in the patient with
neurologic disease should be included. For example,
examination of the heart rate and blood pressure, as well
as carotid and cardiac auscultation, are essential in a
patient with stroke. Likewise, the skin can reveal a num-
ber of conditions that pertain to congenital, metabolic, and
infectious causes of neurologic disease.

EXAMINING PATIENTS WHO PRESENT
WITH NEUROLOGIC SYMPTOMS

Numerous guides to the examination of the nervous
system are available (see the references at the end of
this chapter). For a full account of these methods, the
reader is referred to several of the many monographs
on the subject, including those of Bickerstaff and Spill-
ane, Campbell (Dejong’s Neurological Examination), and
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of the staff members of the Mayo Clinic, each of which
approaches the subject from a somewhat different point
of view. An inordinately large number of tests of neuro-
logic function have been devised, and it is not proposed
to review all of them here. Some are described in subse-
quent chapters dealing with disorders of mentation,
cranial nerves, and motor, sensory, and autonomic func-
tions. Many tests are of doubtful value or are repeti-
tions of simpler tests and thus should not be taught to
students of neurology. Merely to perform all of them on
one patient would require several hours and, in most
instances, would not make the examiner any the wiser.
The danger with all clinical tests is to regard them as
indisputable indicators of disease rather than as ways
of uncovering disordered functioning of the nervous
system. The following approaches are relatively simple
and provide the most useful information.

Testing of Higher Cortical Functions

These functions are tested in detail if the patient’s history
or behavior during the general examination has pro-
vided a reason to suspect some defect. Broadly speaking,
the mental status examination has two main compo-
nents, although the separation is somewhat artificial: the
psychiatric aspects, which incorporate affect, mood, and
normality of thought processes and content, and the neu-
rologic aspects, which include the level of consciousness,
awareness (attention), language, memory, and visuospa-
tial abilities.

Questions are first directed toward determining the
patient’s orientation in time and place and insight into his
current medical problem. Attention, speed of response,
ability to give relevant answers to simple questions, and
the capacity for sustained and coherent mental effort all
lend themselves to straightforward observation. There are
many useful bedside tests of attention, concentration,
memory, and clarity of thinking include the repetition of a
series of digits in forward and reverse order and serial
subtraction of 3s or 7s from 100, and recall of three items
of information or a short story after an interval of 3 min.
More detailed examination procedures appear in Chaps.
20 through 23. The patient’s account of his recent illness,
dates of hospitalization, and his day-to-day recollection of
recent incidents are excellent tests of memory; the narra-
tion of the illness and the patient’s choice of words (vocab-
ulary) provide information about his language ability and
coherence of thinking.

If there is any suggestion of a speech or language disor-
der, the nature of the patient’s spontaneous speech should
be noted. In addition, the accuracy of reading, writing,
and spelling, executing spoken commands, repeating
words and phrases spoken by the examiner, naming
objects and parts of objects, and solving simple arithmeti-
cal problems should be assessed.

The ability to carry out commanded tasks (praxis) has
great salience in the evaluation of several aspects of cor-
tical function. Bisecting a line, drawing a clock or the
floor plan of one’s home or a map of one’s country, and
copying figures are useful tests of visuospatial percep-
tion and are indicated in cases of suspected cerebral dis-

ease. The testing of language, cognition, and other
aspects of higher cerebral function are considered in
Chaps. 21, 22, and 23.

Testing of Cranial Nerves

The function of the cranial nerves must generally be inves-
tigated more fully in patients who have neurologic symp-
toms than in those who do not. If one suspects a lesion in
the anterior fossa, the sense of smell should be tested in
each nostril; then it should be determined whether odors
can be discriminated. Visual fields should be outlined by
confrontation testing, in some cases by testing each eye
separately. If any abnormality is suspected, it should be
checked on a perimeter and scotomas sought on the tan-
gent screen or, more accurately, by computerized perime-
try. Pupil size and reactivity to light, direct, consensual,
and during convergence, the position of the eyelids, and
the range of ocular movements should next be observed.
Details of these test procedures and their interpretation
are given in Chaps. 12, 13, and 14.

Sensation over the face is tested with a pin and wisp of
cotton. Also, the presence or absence of the corneal
reflexes, direct and consensually, may be determined.

Facial movements should be observed as the patient
speaks and smiles, for a slight weakness may be more
evident in these circumstances than on movements to
command.

The auditory meati and tympanic membranes should be
inspected with an otoscope. A high-frequency (512 Hz)
tuning fork held next to the ear and on the mastoid dis-
closes hearing loss and distinguishes middle-ear (conduc-
tive) from neural deafness. Audiograms and other special
tests of auditory and vestibular function are needed if
there is any suspicion of disease of the eighth nerve or the
cochlear and labyrinthine end organs (see Chap. 15). The
vocal cords must be inspected with special instruments in
cases of suspected medullary or vagus nerve disease,
especially when there is hoarseness. Voluntary pharyngeal
elevation and elicited reflexes are meaningful if there is a
difference on the two sides; bilateral absence of the gag
reflex is seldom significant. Inspection of the tongue, both
protruded and at rest, is helpful; atrophy and fascicula-
tions may be seen and weakness detected. Slight deviation
of the protruded tongue as a solitary finding can usually
be disregarded, but a major deviation represents underac-
tion of the hypoglossal nerve and muscle on that side. The
pronunciation of words should be noted. The jaw jerk and
the snout, buccal, and sucking reflexes should be sought,
particularly if there is a question of dysphagia, dysarthria,
or dysphonia.

Testing of Motor Function

In the assessment of motor function, it should be kept in
mind that observations of the speed and strength of move-
ments and of muscle bulk, tone, and coordination are
most informative and are considered in the context of the
state of tendon reflexes. The maintenance of the supinated
arms against gravity is a useful test; the weak arm, tiring
first, soon begins to sag, or, in the case of a corticospinal
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lesion, to resume the more natural pronated position
(“pronator drift”). The strength of the legs can be similarly
tested with the patient prone and the legs flexed at hips
and knees and observing downward drift of the weak-
ened leg. In the supine position at rest, weakness due to
an upper motor neuron lesion causes external rotation of
the hip.

It is essential to have the limbs exposed and to inspect
them for atrophy and fasciculations. Abnormalities of
movement and posture as well as tremors may be exposed
by observing the limbs at rest and in motion (see Chaps. 4,
5, and 6). This is accomplished by watching the patient
maintain the arms outstretched in the prone and supine
positions; perform simple tasks, such as alternately touch-
ing his nose and the examiner’s finger; make rapid alter-
nating movements that necessitate sudden acceleration
and deceleration and changes in direction, such as tapping
one hand on the other while alternating pronation and
supination of the forearm; rapidly touch the thumb to
each fingertip; and accomplish simple tasks such as but-
toning clothes, opening a safety pin, or handling common
tools. Estimates of the strength of leg muscles with the
patient in bed are often unreliable; there may seem to be
little or no weakness even though the patient cannot arise
from a chair or from a kneeling position without help.
Running the heel down the front of the shin, alternately
touching the examiner’s finger with the toe and the oppo-
site knee with the heel, and rhythmically tapping the heel
on the shin are the only tests of coordination that need be
carried out in bed.

Testing of Reflexes

Testing of the biceps, triceps, supinator-brachioradialis,
patellar, Achilles, and cutaneous abdominal and plantar
reflexes permits an adequate sampling of reflex activity of
the spinal cord. Elicitation of tendon reflexes requires that
the involved muscles be relaxed; underactive or barely
elicitable reflexes can be facilitated by voluntary contrac-
tion of other muscles (Jendrassik maneuver).

The plantar response poses some difficulty because sev-
eral different reflex responses besides the Babinski re-
sponse can be evoked by stimulating the sole of the foot
along its outer border from heel to toes. These are (1) the
normal quick, high-level avoidance response that causes
the foot and leg to withdraw; (2) the pathologic slower,
spinal flexor nocifensive (protective) reflex (flexion of
knee and hip and dorsiflexion of toes and foot, “triple flex-
ion”). Dorsiflexion of the large toe and fanning of the
other toes as part of this reflex is the well-known Babinski
sign (see Chap. 3); (3) plantar grasp reflexes; and (4) sup-
port reactions in infants. Avoidance and withdrawal re-
sponses interfere with the interpretation of the Babinski
sign and can sometimes be overcome by utilizing the sev-
eral alternative stimuli (e.g., squeezing the calf or Achilles
tendon, flicking the fourth toe, downward scraping of the
shin, lifting the straight leg, and others) or by having the
patient scrape his own sole. An absence of the superficial
cutaneous reflexes of the abdominal, cremasteric, and
other muscles are useful ancillary tests for detecting corti-
cospinal lesions particularly when unilateral.

THE CLINICAL METHOD OF NEUROLOGY

Testing of Sensory Function

Because this part of the examination is attainable only
through the subjective responses of the patient, it requires
great patient cooperation. For the same reason, it is subject
to overinterpretation and suggestibility. Usually, sensory
testing is reserved for the end of the examination and, if
the findings are to be reliable, should not be prolonged for
more than a few minutes. Each test should be explained
briefly; too much discussion of these tests with a meticu-
lous, introspective patient might encourage the reporting
of meaningless minor variations of stimulus intensity.

It is not necessary to examine all areas of the skin surface.
A quick survey of the face, neck, arms, trunk, and legs with
a pin takes only a few seconds. Usually one is seeking dif-
ferences between the two sides of the body (it is better to
ask whether stimuli on opposite sides of the body feel the
same than to ask if they feel different), a level below which
sensation is lost, or a zone of relative or absolute analgesia
(loss of pain sensibility) or anesthesia (loss of touch sensi-
bility). Regions of sensory deficit can then be tested more
carefully and mapped out. Moving the stimulus from an
area of diminished sensation into a normal area is recom-
mended because it enhances the perception of a difference.

The sense of vibration may be tested by comparing the
thresholds at which the patient and examiner lose percep-
tion at comparable bony prominences. We suggest record-
ing the number of seconds for which the examiner
appreciates vibration at the malleolus, toe, or finger after
the patient reports that the fork has stopped buzzing. The
finding of a zone of heightened sensation (“hyperesthesia”)
calls attention to a disturbance of superficial sensation.

Variations in sensory findings from one examination to
another reflect differences in technique of examination as
well as inconsistencies in the responses of the patient. Sen-
sory testing is considered in greater detail in Chaps. 8 and 9.

Testing of Gait and Stance

The examination is completed by observing the patient
stand and walk. An abnormality of stance or gait may be
the most prominent or only neurologic abnormality, as in
certain cases of cerebellar or frontal lobe disorder; and an
impairment of posture and highly automatic adaptive
movements in walking may provide the most definite diag-
nostic clues in the early stages of diseases such as Parkinson
disease. Having the patient walk tandem or on the sides of
the soles may bring out a lack of balance or dystonic pos-
tures in the hands and trunk. Hopping or standing on one
foot may also betray a lack of balance or weakness, and
standing with feet together and eyes closed will bring out a
disequilibrium that is due to deep sensory loss (Romberg
test). Disorders of gait are discussed in Chap. 7.

TESTING THE PATIENT WITHOUT
NEUROLOGIC SYMPTOMS

In this situation, brevity is desirable but any test that is
undertaken should be done carefully and recorded accu-
rately and legibly. As indicated in Table 1-4, the patient’s
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Table 1-4

BRIEF NEUROLOGIC EXAMINATION IN THE GENERAL
MEDICAL OR SURGICAL PATIENT (PERFORMED IN
5 MIN OR LESS)

1. Orientation, insight into illness, language assessed during
taking of the history

2. Size of pupils, reaction to light, visual and auditory acuity

3. Movement of eyes, face, tongue

4. Examination of the outstretched hands for atrophy, pronating
or downward drift, tremor, power of grip, and wrist
dorsiflexion

. Biceps, supinator, and triceps tendon reflexes

. Inspection of the legs during active flexion and extension of
the hips, knees, and feet

. Patellar, Achilles, and plantar (Babinski) reflexes

. Vibration sensibility in the fingers and toes

. Finger-to-nose and heel-to-shin testing of coordination

Gait
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orientation, insight, judgment, and the integrity of lan-
guage function are readily assessed in the course of taking
the history. With respect to the cranial nerves, the size of the
pupils and their reaction to light, ocular movements, visual
and auditory acuity, and movements of the face, palate, and
tongue should be tested. Observing the bare outstretched
arms for atrophy, weakness (“pronator drift”), tremor, or
abnormal movements; checking the strength of hand grip
and dorsiflexion at the wrist; inquiring about sensory dis-
turbances; and eliciting the biceps, and triceps reflexes are
usually sufficient for the upper limbs. Inspection of the legs
while the feet, toes, knees, and hips are actively flexed and
extended; elicitation of the patellar, Achilles, and plantar
reflexes; testing of vibration and position sense in the fin-
gers and toes; and assessment of coordination by having
the patient alternately touch his nose and the examiner’s
finger and run his heel up and down the front of the oppo-
site leg, and observation of walking complete the essential
parts of the neurologic examination.

This entire procedure does not add more than a few
minutes to the physical examination but the routine per-
formance of these few simple tests provides clues to the
presence of disease of which the patient is not aware. For
example, the finding of absent Achilles reflexes and
diminished vibratory sense in the feet and legs alerts the
physician to the possibility of diabetic or alcoholic-nutri-
tional neuropathy even when the patient has no symp-
toms referable to these disorders. Carotid auscultation has
been adopted as a component of the screening examina-
tion by many neurologists and recording of the heart rate
and rhythm, blood pressure, and heart auscultation is
included in the examination in stroke patients.

Accurate recording of negative data may be useful in
relation to some future illness that requires examination.

THE COMATOSE PATIENT

Although subject to obvious limitations, careful examina-
tion of the stuporous or comatose patient yields consider-
able information concerning the function of the nervous
system. It is remarkable that, with the exception of cogni-

tive function, almost all parts of the nervous system,
including the cranial nerves, can be evaluated in the coma-
tose patient. The demonstration of signs of focal cerebral or
brainstem disease or of meningeal irritation is particularly
useful in the differential diagnosis of diseases that cause
stupor and coma. The adaptation of the neurologic exami-
nation to the comatose patient is described in Chap. 17.

THE PSYCHIATRIC PATIENT

One is compelled in the examination of psychiatric patients
to rely less on the cooperation of the patient and to be
unusually critical of their statements and opinions. The
depressed patient, for example, may perceive impaired
memory or weakness when actually there is neither amne-
sia nor diminution in muscular power, or the sociopath or
hysteric may feign paralysis. The opposite is sometimes
true: Psychotic patients may make accurate observations of
their symptoms, only to have them ignored because of their
mental state.

If the patient will speak and cooperate even to a slight
degree, much may be learned about the functional integrity
of different parts of the nervous system. By the manner in
which the patient expresses ideas and responds to spoken
or written requests, it is possible to determine whether
there are hallucinations or delusions, defective memory, or
other recognizable symptoms of brain disease merely by
watching and listening to the patient. Ocular movements
and visual fields can be tested with fair accuracy by observ-
ing the patient’s response to a moving stimulus or threat in
the visual fields. Cranial nerve, motor, and reflex functions
are tested in the usual manner, but it must be remembered
that the neurologic examination is never complete unless
the patient will speak and cooperate in testing. On occa-
sion, mute and resistive patients judged to be psychotic
prove to have some widespread cerebral disease such as
hypoxic or hypoglycemic encephalopathy, a brain tumor, a
vascular lesion, or extensive demyelinative lesions.

INFANTS AND SMALL CHILDREN

The reader is referred to the special methods of examina-
tion described by Gesell and Amatruda, Andre-Thomas
and colleagues, Paine and Oppe, and the staff members of
the Mayo Clinic, which are listed in the references and
described in Chap. 28. Many of these volumes address the
developmental aspects of the child’s nervous system, and
although some signs may be difficult to obtain because of
the age of the patient, they still stand as the best explica-
tions of the child’s neurologic examination.

THE GENERAL MEDICAL EXAMINATION

The findings on general medical examination very often
disclose evidence of an underlying systemic disease that
has secondarily affected the nervous system. In fact,
many of the most serious neurologic problems are of this
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type. Two common examples will suffice: adenopathy or
a lung infiltrate implicate neoplasia or sarcoidosis as the
cause of multiple cranial nerve palsies, and the presence
of low-grade fever, anemia, a heart murmur, and spleno-
megaly in a patient with unexplained stroke points to a
diagnosis of bacterial endocarditis with embolic occlu-
sion of brain arteries. Certainly no examination of a
patient with stroke is complete without a search for
hypertension, carotid bruits, heart murmurs, and irregu-
lar heart rhythm.

IMPORTANCE OF A WORKING
KNOWLEDGE OF NEUROANATOMY,
NEUROPHYSIOLOGY, MOLECULAR
GENETICS, AND NEUROPATHOLOGY

Once the technique of obtaining reliable clinical data is
mastered, students and residents may find themselves
handicapped in the interpretation of the findings by a lack
of knowledge of the basic sciences of neurology. For this
reason, each of the later chapters dealing with the motor
system, sensation, special senses, consciousness, and lan-
guage is introduced by a review of the anatomic and
physiologic facts that are necessary for an understanding
of the associated clinical disorders.

At a minimum, physicians should know the anatomy of
the corticospinal tract; motor unit (anterior horn cell, nerve,
and muscle); basal ganglionic and cerebellar motor connec-
tions; main sensory pathways; cranial nerves; hypothala-
mus and pituitary; reticular formation of brainstem and
thalamus; limbic system; areas of cerebral cortex and their
major connections; visual, auditory, and autonomic sys-
tems; and cerebrospinal fluid pathways. A working knowl-
edge of neurophysiology should include an understanding
of the nerve impulse, neuromuscular transmission, and
contractile process of muscle; spinal reflex activity; central
neurotransmission; processes of neuronal excitation, inhibi-
tion, and release; and cortical activation and seizure pro-
duction. The genetics and molecular biology of neurologic
disease have assumed increasing importance in the past
few decades. The practitioner should, at minimum, be
familiar with the terminology of mendelian and mitochon-
drial genetics and the main aberrations in the genetic code
that give rise to neurologic disease.

From a practical diagnostic and therapeutic point of view,
we believe the neurologist is helped most by a knowledge of
pathologic anatomy—i.e., the neuropathologic changes that
are produced by disease processes such as infarction, hem-
orrhage, demyelination, physical trauma, compression,
inflammation, neoplasm, and infection, to name the more
common ones. Experience with the gross and microscopic
appearances of these disease processes greatly enhances
one’s ability to explain their clinical effects. The ability to
visualize the abnormalities of disease on nerve and muscle,
brain and spinal cord, muscle, meninges, and blood vessels
gives one a strong sense of which clinical features to expect
of a particular disease and which features are untenable or
inconsistent with a particular diagnosis. An additional
advantage of being exposed to neuropathology is, of course,
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that the clinician is better able to evaluate pathologic
changes and reports of material obtained by biopsy.

LABORATORY DIAGNOSIS

From the foregoing description of the clinical method, it is
evident that the use of laboratory aids in the diagnosis of
diseases of the nervous system is ideally preceded by rig-
orous clinical examination. As in all of medicine, labora-
tory study can be planned intelligently only on the basis
of clinical information. To reverse this process is wasteful
of medical resources and prone to the discovery of irrele-
vant information.

In the prevention of neurologic disease, however, the
clinical method in itself is inadequate; thus, of necessity,
one resorts to two other approaches, namely, the use of
genetic information and laboratory screening tests. Bio-
chemical screening tests are applicable to an entire popu-
lation and permit the identification of neurologic diseases
in individuals, mainly infants and children, who have yet
to show their first symptom; in some diseases, treatment
can be instituted before the nervous system has suffered
damage. Similarly in adults, screening for atherosclerosis
and its underlying metabolic causes is profitable in certain
populations as a way of preventing stroke. Genetic infor-
mation enables the neurologist to arrive at the diagnosis of
certain illnesses and to identify patients and relatives at
risk of developing certain diseases.

The laboratory methods that are available for neuro-
logic diagnosis are discussed in the next chapter and in
Chap. 45, on clinical electrophysiology. The relevant prin-
ciples of genetic and laboratory screening methods for the
prediction of disease are presented in the discussion of the
disease to which they are applicable.

SHORTCOMINGS OF THE CLINICAL METHOD

If one adheres faithfully to the clinical method, neurologic
diagnosis is greatly simplified. In most cases one can reach
an anatomic diagnosis but discovering the cause of the dis-
ease may prove more elusive and usually entails the selec-
tive employment of the laboratory procedures described in
the next chapter. However, even after the most assiduous
application of the clinical method and laboratory proce-
dures, there are numerous patients whose diseases elude
diagnosis. In such circumstances we have often been aided
by the following rules of thumb:

1. As mentioned earlier, when the main sign has been
misinterpreted—if a tremor has been taken for ataxia
or fatigue for weakness—the clinical method is de-
railed from the start. Focus the clinical analysis on the
principal symptom and signs and avoid being dis-
tracted by minor signs and uncertain clinical data.

2. Avoid early closure of diagnosis. Often this is the
result of premature fixation on some item in the his-
tory or examination, closing the mind to alternative
diagnostic considerations. The first diagnostic formu-
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lation should be regarded as only a testable hypothe-
sis, subject to modification when new items of
information are secured. Should the disease be in a
stage of transition, time will allow the full picture to
emerge and the diagnosis to be clarified.

3. When several of the main features of a disease in its
typical form are lacking, an alternative diagnosis
should always be entertained. In general, however,
one is more likely to encounter rare manifestations of
common diseases than the typical manifestations of
rare diseases (a paraphrasing of the Bayes theorem).

4. It is preferable to base diagnosis on clinical experience
with the dominant symptoms and signs and not on sta-
tistical analyses of the frequency of clinical phenomena.
For the most part, the methods of probability-based
decision analysis have proved to be disappointing in
relation to neurologic disease because of the impossibil-
ity of weighing the importance of each clinical datum.
Nonetheless, implicit in all diagnostic methods is an
assessment of the likely causes of a sign or syndrome in
the context of the patient’s broad demographic charac-
teristics including their sex, age, race, ethnicity, and the
geographical circumstances. For example, the neurolo-
gist in the United States considers it unlikely a case of
chronic meningitis would be caused by Behget disease,
whereas a colleague in Turkey might find this to be a
very likely diagnosis. Moreover, as mentioned earlier,
neurologists place a premium on finding treatable ill-
nesses, even if the odds do not favor its presence.

As pointed out by Chimowitz, students tend to err in
failing to recognize a disease they have not seen, and
experienced clinicians may fail to appreciate a rare variant
of a common disease. There is no doubt that some clini-
cians are more adept than others at solving difficult clini-
cal problems. Their talent is not intuitive, as sometimes is
presumed, but is attributable to having paid close atten-
tion to the details of their experience with many diseases
and having catalogued them for future reference. The
unusual case is recorded in memory and can be resur-
rected when another one like it is encountered.

THERAPEUTICS IN NEUROLOGY

Among medical specialties, neurology has traditionally
occupied a somewhat anomalous position, being thought
of by many as little more than an intellectual exercise con-
cerned with making diagnoses of untreatable diseases.
This view of our profession is not at all valid. There are a
growing number of diseases, some medical and others sur-
gical, for which specific therapy is now available; through
advances in neuroscience, their number is steadily increas-
ing. Matters pertaining to these therapies and to the dos-
ages, timing, and manner of administration of particular
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drugs are considered in later chapters in relation to the
description of individual diseases.

There are, in addition, many diseases in which neurologic
function can be restored to a varying degree by appropriate
rehabilitation measures or by the judicious use of therapeu-
tic agents that have not been fully validated. Claims for the
effectiveness of a particular therapy based on statistical
analysis of large-scale clinical studies must be treated cir-
cumspectly. Was the study well conceived as reflected in a
clearly stated hypothesis and outcome criteria; was there
adherence to the plans for randomization and admission of
cases into the study; were the statistical methods appropri-
ate; and were the controls truly comparable? It has been our
experience that the original claims must always be accepted
with caution and it is prudent to wait until further studies
confirm the benefits that have been claimed. While sup-
portive of the recent emphasis on evidence-based medicine,
we are in agreement with Caplan’s point that much of this
“evidence” is not applicable to difficult individual thera-
peutic decisions. This is in part true because small albeit
statistically significant effects may be of little consequence
when applied to an individual patient. It goes without say-
ing that data derived from trials must be used in the context
of a patient’s overall physical and mental condition and
age. Furthermore, for many neurologic conditions there is,
at the moment, inadequate evidence on which to base treat-
ment. Here, the patient requires a skilled physician to make
judgments based on partial or insufficient data. Even as sci-
ence moves forward, wise clinicians must treat patients in
the present by prudent use of properly catalogued personal
experience coupled with the best current data.

Even when no effective treatment is possible, neurologic
diagnosis is more than an intellectual pastime. The first
step in the scientific study of a disease process is its identi-
fication in the living patient. The clinical method of neu-
rology thus serves both the physician in the practical
matters of diagnosis, prognosis, and treatment, and the
clinical scientist, in the search for the mechanism and
cause of disease.

In closing this introductory chapter, a comment regard-
ing the extraordinary burden of diseases of the nervous
system throughout the world and in the United States is
appropriate. It is not just that conditions such as brain
and spinal cord trauma, stroke, epilepsy, mental retarda-
tion, mental diseases, and dementia are ubiquitous and
account for the majority of illness, second only in some
parts of the world to infectious disease, but that these are
highly disabling and often chronic in nature, altering in a
fundamental way the lives of the affected individuals.
Furthermore, more so than in other fields, the promise of
cure or amelioration by new techniques such as molecu-
lar biology, genetic therapy, and brain—computer inter-
faces has excited vast interest, for which reason aspects of
the current scientific insights are included in appropriate
sections.
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Special Techniques for
Neurologic Diagnosis

The analysis and interpretation of data elicited by a care-
ful history and examination may prove to be adequate
for diagnosis. Special laboratory examinations then do
no more than corroborate the clinical impression. How-
ever, it happens more often that the nature of the disease
is not discerned by “case study” alone; the diagnostic
possibilities may be reduced to two or three, but the cor-
rect one is uncertain. Under these circumstances, one
resorts to ancillary examinations. The aim of the neurolo-
gist is to arrive at a final diagnosis by artful analysis of
the clinical data aided by the least number of laboratory
procedures.

Only a few decades ago, the only laboratory proce-
dures available to the neurologist were examination of a
sample of cerebrospinal fluid, conventional radiology of
the skull and spinal column, contrast myelography, pneu-
moencephalography, and electroencephalography. Now,
through formidable advances in scientific technology, the
physician’s armamentarium has been expanded to include
a multitude of neuroimaging, biochemical, and genetic
methods. Some of these new methods are so impressive
that there is a temptation to substitute them for a careful,
detailed history and physical examination. Use of the lab-
oratory in this way should be avoided. Reflecting this
limitation, in a carefully examined series of 86 consecu-
tively hospitalized neurologic patients, laboratory find-
ings (including MRI) clarified the clinical diagnosis in 40
patients but failed to do so in the remaining 46 (Chimo-
witz et al). Moreover, it is quite common in modern prac-
tice for ancillary testing to reveal abnormalities that are of
no significance to the problem at hand. Consequently, the
physician should always judge the relevance and signifi-
cance of laboratory data only in the context of clinical
findings. Hence the neurologist must be familiar with all
laboratory procedures relevant to neurologic disease,
their reliability, and their hazards.

What follows is a description of laboratory procedures
that have application to a diversity of neurologic diseases.
Procedures that are pertinent to a particular symptom
complex or category of disease—e.g., audiography to
study deafness; electronystagmography (ENG) in cases of
vertigo; electromyography (EMG) and nerve conduction
studies, as well as nerve and muscle biopsy, where there is
neuromuscular disease—are presented in the chapters
devoted to these disorders.

LUMBAR PUNCTURE AND EXAMINATION
OF CEREBROSPINAL FLUID

The information yielded by examination of the cerebrospi-
nal fluid (CSF) is crucial in the diagnosis of certain neuro-
logic diseases, particularly infectious and inflammatory
conditions, subarachnoid hemorrhage, and diseases that
alter intracranial pressure. Certain combinations of find-
ings, or formulas, in the CSF generally denote particular
classes of disease; these are summarized in Table 2-1.

Indications for Lumbar Puncture

1. To obtain pressure measurements and procure a sam-
ple of the CSF for cellular, cytologic, chemical, and
bacteriologic examination.

2. To aid in therapy by the administration of spinal anes-
thetics and occasionally, antibiotics or antitumor
agents, or by reduction of CSF pressure.

3. To inject a radiopaque substance, as in myelography, or
a radioactive agent, as in radionuclide cisternography.

Lumbar puncture (LP) carries certain risks if the CSF
pressure is very high (evidenced mainly by headache and
papilledema), for it increases the possibility of a fatal cere-
bellar or transtentorial herniation. The risk is considerable
when papilledema is the result of an intracranial mass, but
it is much lower in patients with subarachnoid hemor-
rhage, in hydrocephalus with communication between all
the ventricles, or with pseudotumor cerebri, conditions in
which repeated LPs have actually been employed as a
therapeutic measure. In patients with purulent meningitis,
there is also a small risk of herniation, but this is far out-
weighed by the need for a definitive diagnosis and the in-
stitution of appropriate treatment at the earliest moment.
With this last exception, LP should generally be preceded
by CT or MRI whenever an elevation of intracranial pres-
sure is suspected. If radiologic procedures do disclose a
mass lesion that is causing displacement of brain tissue to-
ward the tentorial opening or the foramen magnum (the
presence of a mass alone is of less concern) and if it is con-
sidered absolutely essential to have the information
yielded by CSF examination, the LP may be performed—
with certain precautions. A fine-bore (no. 22 or 24) needle
should be used, and if the pressure proves to be very
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Table 2-1

CHARACTERISTIC CSF FORMULAS

THE CLINICAL METHOD OF NEUROLOGY

CONDITION

CELLS

PROTEIN

GLUCOSE

OTHER FEATURES

Bacterial infection

infection

Viral, fungal, spirochetal

WBC >50/ mm3, often
greatly increased

WBC 10-100/mm3

100-250 mg%

50-200 mg%

20-50 mg%; usually
lower than half of
blood glucose level

Normal or slightly
reduced

Gram stain shows organisms;
pressure increased

Special culture techniques
required; pressure normal or
slightly increased

Tuberculous infection WBC >25/mm? 100-1,000 mg% <50, often markedly Special culture techniques and
reduced PCR may be needed to detect
organisms
Subarachnoid RBC >500/mm?; slight 60-150 mg% Normal Must be distinguished from
hemorrhage increase in WBC traumatic lumbar puncture
by presence of xanthochromia
of spun sample; greatly
increased pressure
Cerebral hemorrhage, RBC 50-200/ mm3,' 50-150 mg% Normal Pressure may be elevated
trauma higher if ventricular
rupture of blood
Ischemic stroke Normal or few WBC Normal Normal Normal pressure unless brain
swelling
Multiple sclerosis Normal or few WBC Normal or slightly Normal Increased IgG fraction and
increased oligoclonal bands
Meningeal cancer WBC 10-100/mm? Usually elevated Normal or depressed Neoplastic cells in CSF;

elevation of certain protein
markers (e.g., -
microglobulin)

IgG, immunoglobulin G; PCR, polymerase chain reaction; RBC, red blood cells; WBC, white blood cells.

high—over 400 mm H,O—one should obtain the smallest
necessary sample of fluid and then, according to the sus-
pected disease and patient’s condition, administer manni-
tol and observe a fall in pressure on the manometer.
Dexamethasone or an equivalent corticosteroid may also
be given in an initial intravenous dose of 10 mg, followed
by doses of 4 to 6 mg every 6 h in order to produce a sus-
tained reduction in intracranial pressure. Corticosteroids
are particularly useful in situations in which the increased
intracranial pressure is caused by vasogenic cerebral
edema (e.g., tumor-associated edema).

Cisternal puncture and lateral cervical subarachnoid punc-
ture, although safe in the hands of an expert, are too haz-
ardous to entrust to those without experience and do not
circumvent the problem of increased intracranial pressure.
LP is preferred except in obvious instances of spinal block
requiring a sample of cisternal fluid or for myelography
above the lesion.

Technique of Lumbar Puncture

Experience teaches the importance of meticulous tech-
nique. LP should be done under locally sterile condi-
tions. Xylocaine is injected in and beneath the skin,
which should render the procedure almost painless.
Warming of the analgesic by rolling the vial between the
palms seems to diminish the burning sensation that
accompanies cutaneous infiltration. The patient is posi-
tioned on his side, preferably on the left side for right-
handed physicians, with hips and knees flexed, and the
head as close to the knees as comfort permits. The
patient’s hips should be vertical, the back aligned near

the edge of the bed, and a pillow placed under the ear.
The puncture is easiest to perform at the L3-L4 inter-
space, which corresponds to the axial plane of the iliac
crests, or at the interspace above or below. In infants and
young children, in whom the spinal cord may extend to
the level of the L3-L4 interspace, lower levels should be
used. Experienced anesthesiologists have suggested that
the smallest possible needle be used and that the bevel
be oriented in the longitudinal plane of the dural fibers
(see below regarding atraumatic needles). It is usually
possible to appreciate a palpable “give” as the needle
transgresses the dura, followed by a subtle “pop” on
puncturing the arachnoid membrane. At this point, the
trocar should be removed slowly from the needle to
avoid sucking a nerve rootlet into the lumen and causing
radicular pain. Sciatic pain during the insertion of the
needle indicates that it is placed too far laterally. If the
flow of CSF slows, the patient’s head can be elevated
slowly. Occasionally, one resorts to gentle aspiration
with a small-bore syringe to overcome the resistance of
proteinaceous and viscous CSF. Failure to enter the lum-
bar subarachnoid space after two or three trials usually
can be overcome by performing the puncture with the
patient in the sitting position and then helping him to lie
on one side for pressure measurements and fluid
removal. The “dry tap” is more often the result of an
improperly placed needle than of obliteration of the sub-
arachnoid space by a compressive lesion of the cauda
equina or by adhesive arachnoiditis.

LP has few serious complications. The most common is
headache, estimated to occur in one-third of patients, but
in severe form in far fewer. The pain is presumably the
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result of a reduction of CSF pressure and tugging on cere-
bral and dural vessels as the patient assumes the erect
posture. Although neither recumbency nor oral fluid
administration after LP has been shown to prevent head-
ache, they are often implemented nonetheless. Strupp and
colleagues found that the use of an atraumatic needle
almost halved the incidence of headache. Curiously, head-
aches are twice as frequent after diagnostic LP as they are
after spinal anesthesia. Patients who are prone to frequent
headaches before LP reportedly have higher rates of head-
ache afterwards, which accords with our experience.
Severe headache can be associated with vomiting and
mild neck stiffness. Unilateral or bilateral sixth nerve or
other cranial nerve palsies (VII, VIII) occur rarely after
lumbar puncture, even at times without headache. The
syndrome of low CSF pressure, its treatment by “blood
patch,” and other complications of lumbar puncture are
considered further in Chap. 30.

Bleeding into the spinal meningeal or epidural spaces
can occur in patients who are taking anticoagulants (gen-
erally with an international normalized ratio [INR] >1.7),
have low platelet counts (<50,000/ mm3), or impaired
platelet function (alcoholism, uremia). Treatment is by
reversal of the coagulopathy and, in some cases, surgical
evacuation of the clot. Purulent meningitis and disc space
infections rarely complicate LP as the result of imperfect
sterile technique, and the introduction of particulate mat-
ter (e.g., talc) can produce a sterile meningitis.

Examination Procedures

Once the subarachnoid space has been entered, the pres-
sure and—in now uncommon special cases—“dynamics,”
of the CSF are determined (see below) and samples of
fluid are obtained. The gross appearance of the fluid is
noted, after which the CSF, in separate tubes, can be exam-
ined for (1) number and type of cells and presence of
microorganisms by direct observation; (2) protein and glu-
cose content; (3) tumor cells (cytology); (4) content of
gamma globulin and other protein fractions, presence of
oligoclonal bands, and serologic tests; (5) pigments, lac-
tate, NH3 (ammonia), pH, CO,, enzymes, and substances
elaborated by tumors (e.g., B,-microglobulin); and (6) bac-
teria and fungi (by culture), cryptococcal antigen, myco-
bacteria, the DNA of herpesvirus, cytomegalovirus and
other organisms (by polymerase chain reaction), and viral
isolation.

Pressure and Dynamics

With the patient in the lateral decubitus position, the CSF
pressure is measured by a manometer attached to the
needle in the subarachnoid space. In the normal adult,
the opening pressure varies from 100 to 180 mm H,O, or
8 to 14 mm Hg. In children, the pressure is in the range of
30 to 60 mm H,O. A pressure above 200 mm H,O with
the patient relaxed and legs straightened reflects in-
creased intracranial pressure. In an adult, a pressure of
50 mm H,O or below indicates intracranial hypotension,
generally caused by leakage of spinal fluid or systemic
dehydration. When measured with the needle in the

lumbar sac and the patient in a sitting position, the fluid
in the manometer rises to the level of the cisterna magna
(pressure is approximately double that obtained in the
recumbent position). It fails to reach the level of the ven-
tricles because the latter are in a closed system under
slight negative pressure, whereas the fluid in the manom-
eter is influenced by atmospheric pressure. Normally,
with the needle properly placed in the subarachnoid
space, the fluid in the manometer oscillates through a
few millimeters in response to the pulse and respiration
and rises promptly with coughing, straining, and with
jugular vein or abdominal compression. An apparent
low pressure can also be the result of a needle aperture
that is not fully within the subarachnoid space; this is ev-
idenced by the lack of expected fluctuations in pressure
with these maneuvers.

The presence of a spinal subarachnoid block was in the
past confirmed by jugular venous compression (Quecken-
stedt test, which tests for a rapid rise in pressure within a
few seconds after release of the pressure on the vein). The
maneuver risks worsening of a spinal block or of raised
intracranial pressure and is of historical interest.

Gross Appearance and Pigments

Normally, the CSF is clear and colorless. Minor degrees of
color change are best detected by comparing test tubes of
CSF and water against a white background (by daylight
rather than by fluorescent illumination) or by looking
down into the tubes from above. (Examining the fluid col-
umn in a microhematocrit tube is too narrow for this pur-
pose.) The presence of red blood cells imparts a hazy or
ground-glass appearance; at least 200 red blood cells
(RBCs) per cubic millimeter (mm?) must be present to
detect this change. The presence of 1,000 to 6,000 RBCs per
cubic millimeter imparts a hazy pink to red color, depend-
ing on the amount of blood; centrifugation of the fluid or
allowing it to stand causes sedimentation of the RBCs.
Several hundred or more white blood cells (WBCs) in the
fluid (pleocytosis) may cause a slight opaque haziness.

A traumatic tap, in which blood from the epidural
venous plexus has been introduced into the spinal fluid,
may seriously confuse the diagnosis if it is incorrectly
interpreted to indicate a preexistent subarachnoid hem-
orrhage. To distinguish between these two types of
“bloody taps,” two or three serial samples of fluid
should be taken at the time of the LP. With a traumatic
tap, there is usually a decreasing number of RBCs in the
second and third tubes. Also with a traumatic tap, the
CSF pressure is usually normal, and if a large amount of
blood is mixed with the fluid, it will clot or form fibrin-
ous webs. These are not seen with preexistent hemor-
rhage because the blood has been greatly diluted with
CSF and defibrinated. In subarachnoid hemorrhage, the
RBCs begin to hemolyze within a few hours, imparting a
pink-red discoloration (erythrochromia) to the superna-
tant fluid; allowed to stand for a day or more, the fluid
becomes yellow-brown (xanthochromia). Prompt centrif-
ugation of bloody fluid from a traumatic tap will yield a
colorless supernatant; only with large amounts of blood
(RBC more than 100,000/mm?) will the supernatant fluid
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be faintly xanthochromic due to contamination with
serum bilirubin and lipochromes.

The fluid from a traumatic tap should contain one or
two WBCs per 1,000 RBCs assuming that the hematocrit is
normal, but in reality this ratio varies widely. With sub-
arachnoid hemorrhage, the proportion of WBCs rises as
RBCs hemolyze, sometimes reaching a level of several
hundred per cubic millimeter; but the vagaries of this
reaction are such that it, too, cannot be relied upon to dis-
tinguish traumatic from preexistent bleeding. The same
can be said for crenation of RBCs, which occurs in both
types of bleeding.

Why red corpuscles undergo rapid hemolysis in the CSF
is not clear. It is surely not because of osmotic differences,
as the osmolarity of plasma and CSF is essentially the
same. Fishman suggests that the low protein content of
CSF disequilibrates the red cell membrane in some way.

The pigments that discolor the CSF following subarach-
noid hemorrhage are oxyhemoglobin, bilirubin, and methe-
moglobin. In pure form, these pigments are colored red
(orange to orange-yellow with dilution), canary yellow, and
brown, respectively. Oxyhemoglobin appears within sev-
eral hours of hemorrhage, becomes maximal in approxi-
mately 36 h, and diminishes over a 7- to 9-day period.
Bilirubin begins to appear in 2 to 3 days and increases in
amount as the oxyhemoglobin decreases. Methemoglobin
appears when blood is loculated or encysted and isolated
from the flow of CSE. Spectrophotometric techniques can be
used to distinguish the various hemoglobin breakdown
products and thus determine the approximate time of
bleeding.

Not all xanthochromia of the CSF is caused by hemoly-
sis of RBCs. With severe jaundice, both conjugated and
unconjugated bilirubin diffuse into the CSF. The quantity
of bilirubin in the CSF ranges from one-tenth to one-hun-
dredth that in the serum. Elevation of CSF protein from
any cause results in a faint opacity and xanthochromia,
more or less in proportion to the albumin-bound fraction
of bilirubin. Only at protein levels greater than 150 mg/
100 mL does the coloration become visible to the naked
eye. Hypercarotenemia and hemoglobinemia (through
hemoglobin breakdown products, particularly oxyhemo-
globin) also impart a yellow tint to the CSE as do blood
clots in the subdural or epidural space of the cranium or
spinal column. Myoglobin does not enter the CSF because
a low renal threshold for this pigment permits rapid clear-
ing from the blood.

Cellularity

During the first month of life, the CSF may contain a
small number of mononuclear cells. Beyond this period,
the CSF is normally nearly acellular (i.e., fewer than 5
lymphocytes or other mononuclear cells per cubic milli-
meter). An elevation of WBCs in the CSF always signifies
a reactive process to bacteria or other infectious agents,
blood, chemical substances, an immunologic inflamma-
tion, a neoplasm, or vasculitis. The WBCs can be counted
in an ordinary counting chamber, but their identification
requires centrifugation of the fluid and a Wright stain of
the sediment or the use of a Millipore filter, cell fixation,
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and staining. One can then recognize and count differen-
tially neutrophilic and eosinophilic leukocytes (the latter
being prominent in Hodgkin disease, some parasitic
infections, and cholesterol emboli), lymphocytes, plasma
cells, mononuclear cells, arachnoid lining cells, macro-
phages, and tumor cells. Bacteria, fungi, and fragments
of echinococci and cysticerci can also be seen in cell-
stained or Gram-stained preparations. An India ink
preparation is useful in distinguishing between lympho-
cytes and cryptococci or Candida. Acid-fast bacilli will be
found in appropriately stained samples. The mono-
graphs of Dufresne and of den Hartog-Jager and the arti-
cle of Bigner are older but still excellent references on
CSF cytology. Special cell separation and immunostain-
ing techniques permit the recognition of lymphoma cell
markers, glial fibrillary acidic protein, and other special
cellular elements and antigens. These and other special
methods for the examination of cells in the CSF are men-
tioned in the appropriate chapters.

Proteins

In contrast to the high protein content of blood (5,500 to
8,000 mg/dL), that of the lumbar spinal fluid is 45 to 50
mg/dL or less in the adult. The protein content of CSF
from the basal cisterns is 10 to 25 mg/dL and that from the
ventricles is 5 to 15 mg/dL. This gradient may reflect the
fact that CSF proteins leak from the blood plasma through
capillary tight junctions, which form the blood-brain and
blood—CSF barrier. The spinal fluid is an ultrafiltrate of
blood made by the choroid plexus in the lateral and the
fourth ventricles in a manner that is analogous to the for-
mation of urine by the glomerulus. The amount of protein
in the CSF would then be proportional to the length of
time it is in contact with the blood—CSF barrier. Thus
shortly after it is formed in the ventricles, the protein is
low. More caudally in the basal cisterns, the protein is
higher and in the lumbar subarachnoid space it is highest
of all. In children, the protein concentration is somewhat
lower at each level (<20 mg/dL in the lumbar subarach-
noid space). Levels higher than normal indicate a patho-
logic process in or near the ependyma or meninges—in
either the brain, spinal cord, or nerve roots—although the
cause of modest elevations of the CSF protein, in the range
of 75 mg/dL, frequently remains obscure.

As one would expect, bleeding into the ventricles or
subarachnoid space results in spillage not only of RBCs
but of serum proteins. If the serum protein concentrations
are normal, the CSF protein should increase by about 1 mg
per 1,000 RBCs provided that the same tube of CSF is used
in determining the cell count and protein content. (The
same holds for a traumatic puncture that allows seepage
of venous blood into the CSF at the puncture site.) How-
ever, in the case of subarachnoid hemorrhage, caused by
the irritating effect of hemolyzed RBC upon the lepto-
meninges, the CSF protein may be increased by many
times this ratio.

The protein content of the CSF in bacterial meningitis, in
which choroidal and meningeal perfusion are increased,
often reaches 500 mg/dL or more. Viral infections induce
a less intense and mainly lymphocytic reaction and a
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lesser elevation of protein—usually 50 to 100 mg/dL but
sometimes up to 200 mg/dL; in some instances of viral
meningitis the protein content is normal. Paraventricular
tumors, by reducing the blood—-CSF barrier, often raise the
total protein to over 100 mg/dL. Protein values as high as
500 mg/dL are found in exceptional cases of the Guillain-
Barré syndrome and chronic inflammatory demyelinating
polyneuropathy. Values of 1,000 mg/dL or more usually
indicate a block to CSF flow; the fluid is then deeply yel-
low and clots readily because of the presence of fibrino-
gen; a combination called Froin syndrome. Partial CSF
blocks by ruptured discs or tumor may elevate the protein
to 100 to 200 mg/dL. Low CSF protein values are some-
times found in meningismus (a febrile illness with signs of
meningeal irritation but normal CSF), in hyperthyroidism,
or in conditions that produce low CSF pressure (e.g., after
a recent LP as indicated in Chap. 30).

The quantitative partition of CSF proteins by electro-
phoretic and immunochemical methods demonstrates the
presence of most of the serum proteins with a molecular
weight of less than 150,000 to 200,000. The protein frac-
tions that have been identified electrophoretically are pre-
albumin and albumin as well as alpha;, alpha,, beta;,
beta,, and gamma globulin fraction, the last of these being
accounted for mainly by immunoglobulins (the major
immunoglobulin [Ig] in normal CSF is IgG). Table 2-2

Table 2-2

AVERAGE VALUES OF CONSTITUENTS OF NORMAL
CSF AND SERUM
CEREBROSPINAL
FLUID SERUM
Osmolarity 295 mOsm/L 295 mOsm/L
Sodium 138.0 mEq/L 138.0 mEq/L
Potassium 2.8 mEq/L 4.1mEq/L
Calcium 21 mEq/L 4.8 mEq/L
Magnesium 2.3mEq/L 1.9mEq/L
Chloride 119 mEq/L 101.0 mEq/L
Bicarbonate 23.0mEq/L 23.0mEq/L
Carbon dioxide tension 48 mm Hg 38 mm Hg
(arterial)

pH 7.31-7.33 7.41 (arterial)
Nonprotein nitrogen 19.0 mg/dL 27.0 mg/dL
Ammonia 30.0 g/dL 70.0 g/dL
Uric acid 0.24 mg/dL 5.5mg/dL
Urea 4.7 mmol/L 5.4 mmol/L
Creatinine 1.1 mg/dL 1.8 mg/dL
Phosphorus 1.6 mg/dL 4.0mg/dL
Total lipid 1.5 mg/dL 750.0 mg/dL

Total cholesterol 0.4 mg/dL 180.0 mg/dL

Cholesterol esters 0.3 mg/dL 126.0 mg/dL
Glucose 60 mg/dL 90.0 mg/dL
Lactate 1.6 mEq/L 1.0 mEq/L
Total protein 15-50 mg/dL 6.5-8.4 g/100 dL

Prealbumin 1-7% Trace

Albumin 49-73% 56%

Alphay globulin 3-7% 4%

Alpha, globulin 6-13% 10%

Beta globulin (betaq 9-19% 12%

plus tau)
Gamma globulin 3-12% 14%

Source: Reproduced by permission from Fishman.

gives the quantitative values of the different fractions.
Immunoelectrophoretic methods have also demonstrated
the presence of glycoproteins, ceruloplasmin, hemopexin,
beta-amyloid and tau proteins. Large molecules—such as
fibrinogen, IgM, and lipoproteins—are mostly excluded
from the CSF unless generated there.

There are other notable differences between the protein
fractions of CSF and plasma. The CSF always contains a
prealbumin fraction and the plasma does not. Although
derived from plasma, this fraction, for an unknown reason,
concentrates in the CSF, and its level is greater in ventricu-
lar than in lumbar CSF (perhaps because of its concentra-
tion by choroidal cells). Also, the CSF tau fraction (also
identified as beta,-transferrin) is essentially detected only
in the CSF and not in other fluids; its concentration is
higher in the ventricular than in the spinal fluid. The con-
centration of tau protein and in particular the ratio of tau
to beta-amyloid, has found use in the diagnosis of Alzhei-
mer disease, as discussed in Chap. 39. The gamma globulin
fraction in CSF is approximately 70 percent of that in
serum.

At present only a few of these proteins are known to be
associated with specific diseases of the nervous system. The
most important is IgG, which may exceed 12 percent of the
total CSF protein in diseases such as multiple sclerosis, neu-
rosyphilis, subacute sclerosing panencephalitis and other
chronic viral meningoencephalitides. The serum IgG is not
correspondingly increased, which means that this immune
globulin originates in (or perhaps is preferentially trans-
ported into) the nervous system. However, an elevation of
serum gamma globulin—as occurs in cirrhosis, sarcoidosis,
myxedema, and multiple myeloma—will be accompanied
by a rise in the CSF globulin. Therefore, in patients with an
elevated CSF gamma globulin, it is necessary to determine
the electrophoretic pattern of the serum proteins as well.
Certain qualitative changes in the CSF immunoglobulin
pattern, particularly the demonstration of several discrete
(oligoclonal) electrophoretic “bands,” each representing a
specific immune globulin, and the ratio of IgG to total pro-
tein, are of special diagnostic importance in multiple sclero-
sis, as discussed in Chap. 36.

The albumin fraction of the CSF increases in a wide
variety of central nervous system (CNS) and craniospinal
nerve root diseases that increase the permeability of the
blood—CSF barrier, but no specific clinical correlations can
be drawn. Certain enzymes that originate in the brain,
especially the brain-derived fraction of creatine kinase
(CK-BB) but also enolase and neopterin, are found in the
CSF after stroke, global ischemic hypoxia, or trauma, and
have been used as markers of brain damage in experimen-
tal work. Other special markers such as the 14-3-3 protein,
which has some diagnostic significance in prion disease,
may be useful in specialized circumstances.

Glucose

Normally the CSF glucose concentration is in the range of
45 to 80 mg/dL, i.e., about two-thirds of that in the blood
(0.6 to 0.7 of serum concentrations). Higher levels parallel
the blood glucose in this proportion; but with marked
hyperglycemia, the ratio of CSF to blood glucose is
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reduced (0.5 to 0.6). With extremely low serum glucose,
the ratio becomes higher, approximating 0.85. In general,
CSF glucose values below 35 mg/dL are abnormal. After
the intravenous injection of glucose, 2 to 4 h are required
to reach equilibrium with the CSF; a similar delay follows
the lowering of blood glucose. For these reasons, samples
of CSF and blood for glucose determinations should ide-
ally be drawn simultaneously in the fasting state or the
serum should be obtained a few hours before the puncture
(this is often not practical). Low values of CSF glucose
(hypoglycorrhachia) in the presence of pleocytosis usually
indicate pyogenic, tuberculous, or fungal meningitis,
although similar reductions are observed in some patients
with widespread neoplastic infiltration of the meninges
and occasionally with sarcoidosis and subarachnoid hem-
orrhage (usually in the first week).

The almost invariable rise of CSF lactate in purulent
meningitis probably means that some of the glucose is un-
dergoing anaerobic glycolysis by polymorphonuclear leu-
kocytes and by cells of the meninges and adjacent brain
tissue. For a long time it was assumed that in meningitis
the bacteria lowered the CSF glucose by their active me-
tabolism, but the fact that the glucose remains at a subnor-
mal level for 1 to 2 weeks after effective treatment of the
meningitis suggests that another mechanism is operative.
Theoretically at least, an inhibition of the entry of glucose
into the CSEF, because of an impairment of the membrane
transfer system, can be implicated. As a rule, viral infec-
tions of the meninges and brain do not lower the CSF glu-
cose, although low glucose values have been reported in a
small number of patients with mumps meningoencephali-
tis, and rarely in patients with herpes simplex and zoster
infections.

Serologic and Virologic Tests

It has become routine to test the CSF for cryptococcal sur-
face antigen as a rapid method if this infection is suspected.
On occasion, a false-positive reaction is obtained in the
presence of high titers of rheumatoid factor or antitrepone-
mal antibodies, but otherwise the test is diagnostically
more dependable than the conventional India ink prepara-
tion. The nontreponemal antibody tests of the blood—
Venereal Disease Research Laboratories (VDRL) slide floc-
culation test and rapid plasma reagin (RPR) agglutination
test—can also be performed on the CSF. When positive,
these tests are usually diagnostic of neurosyphilis, but false-
positive reactions may occur with collagen diseases,
malaria, and yaws, or with contamination of the CSF by
seropositive blood. Tests that depend on the use of trepone-
mal antigens, including the Treponema pallidum immobiliza-
tion test and the fluorescent treponemal antibody test, are
more specific and assist in the interpretation of false-posi-
tive reactions. The value of CSF examinations in the diag-
nosis and treatment of neurosyphilis is discussed in Chap.
32, but routine testing of CSF for treponemal antibodies is
no longer practiced. Serologic tests for the Lyme spirochete
are useful in circumstances of suspected infection of the
central nervous system with this agent.

The utility of serum serologic tests for viruses is limited
by the time required to obtain results, but they are useful
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in determining retrospectively the source of meningitis or
encephalitis. More rapid tests that use the polymerase
chain reaction (PCR) in CSE, which amplifies viral DNA
fragments, are now widely available for diagnosis, partic-
ularly for herpesviruses and cytomegalovirus. These tests
are most useful in the first week of infection, when the
virus is being reproduced and its genomic material is most
prevalent; after this time, serologic techniques for viral
infection are more sensitive. Amplification of DNA by
PCR is particularly useful in the rapid detection of tuber-
cle bacilli in the CSF, the conventional culture of which
takes several weeks at best. Tests for the detection of prion
proteins in the spinal fluid are available and may aid in
the diagnosis of the spongiform encephalopathies, but the
results have been erratic (Chap. 33).

Changes in Solutes and Other Components

The average osmolality of the CSF (295 mOsm/L) is iden-
tical to that of plasma. As the osmolality of the plasma is
increased by the intravenous injection of hypertonic solu-
tions such as mannitol or urea, there is a delay of up to
several hours in the rise of osmolality of the CSF. It is dur-
ing this period that the hyperosmolality of the blood
dehydrates the brain and decreases the volume of CSE

Table 2-2 lists the CSF and serum levels of sodium,
potassium, calcium, and magnesium. Neurologic disease
does not alter the CSF concentrations of these constituents
in any characteristic way. The low CSF concentration of
chloride that occurs in bacterial meningitis is not specific
but a reflection of hypochloremia and, to a slight degree,
of a greatly elevated CSF protein.

Acid-base balance in the CSF is of interest in relation to
metabolic acidosis and alkalosis but pH is not routinely
measured. Normally, the pH of the CSF is approximately
7.31—i.e., somewhat lower than that of arterial blood,
which is 7.41. The PCO, in the CSF is in the range of 45 to
49 mm Hg—i.e., higher than in arterial blood (about 40
mm Hg). The bicarbonate levels of the two fluids are
about the same, 23 mEq/L. The pH of the CSF is precisely
regulated, and it tends to remain relatively unchanged
even in the face of severe systemic acidosis and alkalosis.
Acid-base changes in the lumbar CSF do not necessarily
reflect the presence of similar changes in the brain, nor are
the CSF data as accurate an index of the systemic changes
as direct measurements of arterial blood gases.

The ammonia content of the CSF is one-third to one-half
that of the arterial blood; it is increased in hepatic enceph-
alopathy, the inherited hyperammonemias, and the Reye
syndrome; the concentration corresponds roughly with
the severity of the encephalopathy. The uric acid content
of CSF is approximately 5 percent of that in serum and
varies with changes in the serum level (high in gout, ure-
mia, and meningitis, and low in Wilson disease). The urea
concentration in the CSF is slightly lower than that in the
serum; in uremia, it rises in parallel with that in the blood.
An intravenous injection of urea raises the blood level
immediately and the CSF level more slowly, exerting an
osmotic dehydrating effect on the central nervous tissues
and CSF. All 24 amino acids have been isolated from the
CSE. The concentration of amino acids in the CSF is
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approximately one-third that in plasma. Elevations of
glutamine are found in hepatic coma and the Reye syn-
drome and of phenylalanine, histidine, valine, leucine,
isoleucine, tyrosine, and homocystine in the correspond-
ing aminoacidurias.

Many of the enzymes found in serum are known to rise
in CSF under conditions of disease, usually in relation to a
rise in the CSF protein. None of the enzyme changes has
proved to be a specific indicator of neurologic disease
with the possible exception of lactic dehydrogenase, espe-
cially isoenzymes 4 and 5, which are derived from granu-
locytes and are elevated in bacterial meningitis but not in
aseptic or viral meningitis. Lactic dehydrogenase is also
elevated in cases of meningeal metastases, as is carcino-
embryonic antigen; the latter, however, is not elevated in
bacterial, viral, or fungal meningitis. As to lipids, the quan-
tities in CSF are small and their measurement is difficult.

The catabolites of the catecholamines can be measured in
the CSE. Homovanillic acid (HVA), the major catabolite of
dopamine, and 5-hydroxyindoleacetic acid (5-HIAA), the
major catabolite of serotonin, are normally present in the
spinal fluid; both are five or six times higher in the ventric-
ular than the lumbar CSE The levels of both catabolites
are reduced in patients with idiopathic and drug-induced
parkinsonism.

Finally, it may be said that with continued development
of microchemical techniques for the analysis of the CSF,
we can look forward to a better understanding of the met-
abolic mechanisms of the brain, particularly in the heredi-
tary metabolic diseases. Ultrarefined methods such as gas-
liquid chromatography will probably reveal many new
catabolic products, the measurement of which will be of
value in diagnosis and therapy. Thompson has reviewed
the biochemical analysis of CSF and its use for diagnostic
purposes.

IMAGING TECHNIQUES OF
THE SKULL, BRAIN, AND SPINE

In the past, plain films of the cranium constituted a “rou-
tine” part of the study of the neurologic patient, but it is
has become evident that the yield of useful information
from this procedure is relatively small. Even in patients
with head injury, where radiography of the skull would
seem to be an optimal method of examination, a fracture is
found in only 1 of 16 cases, at a cost of thousands of dol-
lars per fracture and a small risk from radiation exposure.
Nevertheless plain skull films do demonstrate fractures,
changes in contour of the skull, bony erosions and hyper-
ostoses, infection in paranasal sinuses and mastoids, and
changes in the basal foramina. Plain films of the spine are
able to demonstrate osteoarthritic bony overgrowth, de-
structive lesions of vertebrae, both neoplastic and infec-
tious, fracture dislocations and other spondylolistheses,
and Pott and Paget diseases.

Sequential refinements of radiologic technique have
greatly increased the yield of valuable information in special
cases, but without question the most important advances in
neuroradiology have come about with the development of

CT and MRI. They represent a quantum improvement in
our ability to visualize pathology in the living person.

Computed Tomography

In this procedure, conventional x-radiation is attenuated
as it passes successively through the skull, CSF, cerebral
gray and white matter, and blood vessels. The intensity of
the exiting radiation relative to the incident radiation is
measured, the data are integrated, and images are recon-
structed by computer. This major achievement in method-
ology, attributed to Hounsfield and others, permitted the
astonishing technologic advance from plain radiographs
of the skull to reconstructed images of the cranium and its
contents in any plane. More than thirty thousand 2- to 4-
mm x-ray beams are directed successively at several hori-
zontal levels of the cranium. The differing densities of
bone, CSF, blood, and gray and white matter are distin-
guishable in the resulting picture. One can see hemor-
rhage, softened and edematous brain, abscess, and tumor
tissue and also the precise size and position of the ventri-
cles and midline structures. The radiation exposure is not
significantly greater than that from plain skull films.

The latest generation of CT scanners affords pictures of
brain, spine, and orbit of great clarity. As illustrated in Fig.
2-1A-D, in transverse section of the brain, one actually
sees displayed the caudate and lenticular nuclei and the
internal capsules and thalami. The position and width of
all the main sulci can be measured, and the optic nerves
and medial and lateral rectus muscles stand out clearly in
the posterior parts of the orbit. The brainstem, cerebellum,
and spinal cord are easily visible in the scan at appropriate
levels. The scans are also useful in imaging parts of the
body that surround peripheral nerves and plexuses,
thereby demonstrating tumors, inflammatory lesions, and
hematomas that involve these nerves. In imaging of the
head, CT has a number of advantages over MRI, the most
important being safety when metal is present in the body
and the clarity of blood from the moment of bleeding.
Other advantages are its lower cost, easy availability,
shorter examination time, and equivalent or superior
visualization of calcium, fat, and bone, particularly of the
skull base and vertebrae. Also, if constant monitoring and
use of life support equipment is required during the imag-
ing procedure, it is accomplished more readily in the CT
than the MRI machine. Recent advances in CT technology
have greatly increased the speed of the scanning proce-
dure and have made possible the visualization, with great
clarity, of the cerebral vasculature (CT angiography; see
further on).

Contrast Myelography

By injecting 5 to 25 mL of a water-soluble radiopaque dye
through an LP needle and then tipping the patient down-
ward on a tilt table, the entire spinal subarachnoid space
can be visualized (Fig. 2-1E and F). The procedure is
almost as harmless as the LP except for cases of complete
spinal block, in which high concentrations of dye near the
block can cause pain and regional myoclonus. Herniated
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Figure 2-1. Normal axial CT scans of the brain, orbits, and lumbar spine from a young healthy man. A. Image through the cerebral hemispheres
at the level of the corona radiata. The dense bone of the calvarium is white. Gray matter appears denser than white matter. The triangular shape of
the sagittal sinus in axial section is seen posteriorly. B. Image at the level of the lenticular nuclei. The caudate and lenticular nuclei are denser than
the adjacent internal capsule. CSF within the frontal and occipital horns of the lateral ventricle as well as surrounding the pineal body appears
dark. Calcium is seen in the left choroid plexus and, to a slight extent, in the pineal. C. Image at the level of the posterior fossa. Again, the CSF
within the fourth ventricle and prepontine cisterns appears dark. The basilar artery is seen as a small, round, dense focus anterior to the pons. Typ-
ical artifact generated by temporal bones creates streaking across the inferior temporal lobes. The mastoid and sphenoid sinuses are black as a
result of their aeration. D. Thin-section axial image through the midorbits. The sclera appears as a dense band surrounding the globe. Medial and
lateral rectus muscles have a fusiform shape. Orbital fat appears dark because of its low attenuation value. Air contained within the sphenoid sinus

and ethmoid air cells appears black. (continued)

lumbar and cervical discs, cervical spondylotic bars and
bony spurs encroaching on the spinal cord or roots, and
spinal cord tumors can be diagnosed accurately. lophendy-
late (Pantopaque), a formerly used fat-soluble dye, is still
approved by the FDA but is now employed only in special
circumstances (visualizing the upper level of a spinal canal

lesion that completely obstructs the flow of water soluble
dye). If iophendylate is left in the subarachnoid space, par-
ticularly in the presence of blood or inflammatory exudate,
it may incite arachnoiditis of the spinal cord and brain.
The CT body scan also provides excellent images of the
spinal canal and intervertebral foramina in three planes,
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Figure 2-1. (Continued) E. and F. Axial images of the lumbar spine following myelography. Contrast contained within the thecal sac appears
white. The filling defects are caused by nerve roots at the L3-L4 and L5-51 levels. Bony structures appear dense, and the facet joints are well seen.

making the combination of water-soluble dye and CT scan-
ning a useful means of visualizing spinal and posterior
fossa lesions. Contrast myelography is particularly useful
in visualizing small areas within the spinal canal, such as
the lateral recesses and spinal nerve root sleeves. MRI pro-
vides even sharper visualization of the spinal canal and its
contents, as well as the vertebrae and intervertebral discs;
consequently, it has largely replaced contrast myelography
because it does not require LP.

Magnetic Resonance Imaging

MRI also provides “slice” images of the brain in any
plane, but it has the great advantages over CT of using
nonionizing energy and providing better resolution of dif-
ferent structures within the brain and other organs. For
the visualization of most neurologic diseases, MRI is the
best procedure.

An MRI examination is accomplished by placing the
patient within a powerful magnetic field, causing certain
endogenous isotopes (atoms) of the tissues and CSF to
align themselves in the longitudinal orientation of the
magnetic field. Application of a brief (few milliseconds)
radiofrequency (RF) pulse into the field changes the axis
of alignment of the atoms from the longitudinal to the
transverse plane. When the RF pulse is turned off, the
atoms return to their original alignment. The RF energy
that was absorbed and then emitted results in a magnetic
signal that is detected by electromagnetic receiver coils. To
create contrasting tissue images from these signals, the RF
pulse must be repeated many times (a pulse sequence),
the signals being measured after the application of each
pulse. The scanner stores the signals as a matrix of data,

which is subjected to computer analysis and from which
an image is constructed.

Nuclear magnetic resonance can be detected from several
endogenous isotopes, but current technology uses mainly
signals derived from hydrogen atoms ('H), because hydro-
gen is the most abundant element in tissue and yields the
strongest magnetic signal. The image is essentially a map of
the hydrogen content of tissue, therefore reflecting largely
the water concentration, but influenced also by the physical
and chemical environment of the hydrogen atoms. Differ-
ent tissues have different rates of proton relaxation, yield-
ing different signal intensities and hence tissue contrast.
The terms T1 and T2 refer to the time constants for proton
relaxation; these may be altered to highlight certain features
of tissue structure. In the Tl-weighted image, the CSF
appears dark and the cortical border and cortical-white
matter junction are well defined, as in CT images, whereas
T2-weighted images show the CSF as white. T2-weighted
images highlight alterations in white matter such as infarc-
tion, demyelination, and edema (Table 2-3). Gradient-echo
(GRE) sequences, a type of susceptibility technique, is espe-
cially sensitive to blood and its breakdown products, which
appear as dark regions in the image.

So-called FLAIR (fluid-attenuated inversion recovery)
imaging is a technique that gives a high signal for paren-
chymal lesions and a low signal for CSE It is sensitive to
calcium and iron within brain tissue, shows early stages of
infarction, and accentuates inflaimmatory demyelinating
lesions. The images generated by the latest MRI machines
are truly remarkable (Fig. 2-2A to C). Because of the high
degree of contrast between white and gray matter, one can
identify all discrete nuclear structures and lesions within
them. Deep lesions in the temporal lobe and structures in
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Table 2-3

CT AND MRI IMAGING CHARACTERISTICS OF VARIOUS TISSUES
TISSUE CT GRAY SCALE MRI T1 SIGNAL MRI T2 SIGNAL

Brain Gray Gray Gray
Air Black Black Black
CSF Black Black White
Fat Black White Black
Calcium White Black Black
Bone Very white Black Black
Extravasated blood White White Black
Inflammation Contrast enhancing Gray, gadolinium enhancing White
Edema Dark gray Gray White
Tumor Gray or white and contrast enhancing Gray or white and gadolinium enhancing White

Figure 2-2. Normal MRI of the brain and the cervical and lumbar spine. A. T2-weighted (SE 2500/90) axial image at the level of the lenticular

nuclei. Note that gray matter appears brighter than white matter. The CSF within the lateral ventricles is very bright. The caudate nuclei, putamen,

and thalamus appear brighter than the internal capsule, while the globus pallidus is darker. B. T2-weighted (SE 2500/90) axial image at the level of
the midbrain. The red nucleus and substantia nigra are dark due to normal iron accumulation. The CSF within the lateral ventricles and subarach-

noid spaces appears bright, as does the vitreous. Signal is absent (“flow void”) from the rapidly flowing anterior, middle, and posterior cerebral
arteries. C. T1-weighted (SE 700/17) midline sagittal image of the brain. Note that white matter appears brighter than gray matter and the corpus
callosum is well defined. Subcutaneous fat and calvarial marrow appear very bright. The pons, medulla, and cervicomedullary junction are well

delineated, and the region of the pituitary gland is normally demonstrated. D. Gradient-echo sagittal image of the cervical spine. Note the bright
signal intensity of the CSF, which provides a “myelographic” effect. Intervertebral discs also demonstrate high signal intensity. The spinal cord and

brain demonstrate intermediate signal intensity, and the craniocervical junction is clearly defined. (continued)
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Figure 2-2. (Continued) E. T2 axial image
of the lumbar spine at the L3-L4 level.
The CSF within the thecal sac is bright.
The sensory ganglia can be seen in the
lateral portions of the neural foramina.
The inferior articulation of the facet joint
is demonstrated. F. Gradient-echo sagit-
tal image of the lumbar spine, again
showing bright CSF signal intensity, cre-
ating a “myelographic” effect. The conus
medullaris is well demonstrated and in-
dividual nerve roots of the cauda equina
can be seen streaming toward their lev-
els of exit.

the posterior fossa and at the cervicomedullary junction
are seen much better than with CT; the structures can be
displayed in three planes and are unmarred by signals
from adjacent skeletal structures (bony artifact). Demyelin-
ative lesions stand out with greater clarity and infarcts can
be seen at an earlier stage than with CT. Each of the prod-
ucts of disintegrated RBCs—methemoglobin, hemosiderin,
and ferritin—can be recognized, enabling one to date the
age of hemorrhages and to follow their resolution, as dis-
cussed in Chaps. 34 and 35. Similarly, CSE, fat, calcium,
and iron have their own signal characteristics in different
imaging sequences.

MRI imaging of the spine provides clear images of the
vertebral bodies, intervertebral discs, spinal cord, and
cauda equina (Fig. 2-2D to F) and of syringomyelia and
other lesions (herniated discs, tumors, epidural or subdu-
ral hemorrhages, areas of demyelination, and abscesses).
It has replaced contrast myelography except in certain cir-
cumstances where very-high-resolution images of nerve
roots and spinal cord are required.

The administration of gadolinium, a paramagnetic
agent that enhances the process of proton relaxation dur-
ing the T1 sequence of MRI, permits even sharper defini-
tion and highlights regions surrounding many types of
lesions where the blood-brain barrier has been disrupted
in the brain, spinal cord, or nerve roots.

The degree of cooperation that is required to perform
MRI limits its use in young children and in the cognitively
impaired. Some form of sedation is required in these indi-
viduals and most hospitals have services to safely accom-
plish conscious sedation for this purpose. Studying a
patient who requires a ventilator is difficult but manage-
able by using either hand ventilation or nonferromagnetic
ventilators (Barnett et al).

The main dangers in the use of MRI are torque, dislodge-
ment or heating of metal clips on blood vessels, of dental

devices and other ferromagnetic objects, and of small metal
fragments in the orbit, often acquired unnoticed by opera-
tors of machine tools. For this reason it is wise, in appropri-
ate patients, to obtain plain radiographs of the skull so as to
detect metal in these regions. Corneal metal fragments can
be removed by an ophthalmic surgeon if an MRI is consid-
ered to be obligatory. The presence of a cardiac pacemaker,
defibrillator, or implanted stimulator in the brain or spinal
cord is an absolute contraindication to the use of MRI as the
magnetic field induces unwanted currents in the device
and the wires exiting from it. However, most of the newer,
weakly ferromagnetic prosthetic heart valves, intravascular
access ports, modern aneurysm clips, and ventricular
shunts and adjustable valves do not represent an untoward
risk for magnetic imaging. The same is true for modern
joint prostheses. An extensive list of devices that have been
tested for their ferromagnetic susceptibility and their safety
in the MRI machine can be found in the monograph by
Shellock, which is updated regularly. MRI entails some risk
in these situations unless there is direct knowledge of the
type of material that had been used. There have also been
numerous instances over the years in which physicians
have rushed into the MRI room to assist an acutely ill
patient, only to have metal instruments drawn from their
pockets and forcibly strike the patient or magnet.

Because of the development of cataracts in the fetuses of
animals exposed to MRI, there has been hesitation in per-
forming MRI in pregnant patients, especially in the first
trimester. However, current data indicate that imaging
may be performed provided that the study is medically
indicated. In a study of 1,000 pregnant MRI technicians
who entered the magnetic field frequently (the magnet
remains on between procedures), no adverse effects on the
fetus could be discerned (Kanal et al).

Many types of MRI artifacts are known, most having to
do with malfunction of the electronics of the magnetic
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field or of the mechanics involved in the imaging proce-
dure (for details, see the monograph of Huk et al). Among
the most common and problematic are CSF flow artifacts
in the thoracic spinal cord, giving the impression of an
intradural mass; distortions of the appearance of struc-
tures at the base of the brain from ferromagnetic dental
appliances; and lines across the entire image induced by
blood flow and patient movement.

In recent years an additional risk of nephrogenic fibrosis
has been identified related to the administration of gado-
linfjum. Most instances occur in patients with preexisting
renal failure, for which reason it has become common to
obtain BUN and creatinine measurements before adminis-
tering the agent. The problem had not been appreciated
previously in part because of its rarity (the frequency has
not been well established) and because of a delay in toxic
effects on the kidney, ranging from several days to two
months.

The technology of MRI is constantly evolving. The visu-
alization of blood vessels in the brain (magnetic resonance
angiography; see further on) as well as tumors, compres-
sive lesions, traumatic discontinuities of peripheral nerves
(Filler et al), and developmental defects of the CNS are
among the more refined and promising applications of
MRI. Particular attention should be drawn to diffusion-
weighted imaging (DWI), a procedure that takes only a
minute to accomplish and has been invaluable in detect-
ing the earliest stages of ischemic stroke (generally within
2 h or less of the onset); it is also particularly useful in dis-
tinguishing between cerebral metastases and abscesses.
Here, the restricted diffusion of water in the region of
cerebral infarction appears as a bright white signal. Com-
plementary perfusion-weighted imaging (PWI) may be
used to detect areas that are lacking in blood flow; in par-
allel with DWI, it may be able to delineate regions of
ischemia that are not yet irrevocably infarcted and there-
fore subject to the restoration of blood flow by various
techniques (Chap. 34). The capacity of MRI to quantitate
the volume of anatomic structures also offers the prospect
of demonstrating neuronal atrophies.

Every few years some refinement in the interpretation
of signal characteristics and morphologic changes appears,
as do new ways of using this technology in the study of
brain metabolism and blood flow (“functional” MRI, or
fMRI). These functional images taken in normal patients
during the performance of cognitive and motor tasks and
in those with neurologic and psychiatric disease are
exposing novel patterns of cerebral activation and alter-
ing some of the traditional concepts of cortical function
and localization. The main technique currently in use
measures the difference between oxy- and deoxyhemo-
globin, which reflects blood delivery to a region. This
blood oxygen level-dependent (BOLD) signal can be extracted
from MRI data and used as a surrogate for local cerebral
metabolic activity.

Increasing use is being made of diffusion tensor imag-
ing (DTI), mainly in delineating nerve fiber tracts in the
brain, but other algorithms are being developed for spe-
cial study. The technique depends on the observation that
water and other molecules, in their random movement by
diffusion, probe tissues at resolutions well beyond that of
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usual imaging. The movement of these molecules in three
dimensions is impeded by brain tissue and thus is not uni-
form; DTI measures the degree of nonuniformity, or
anisotropy, which gives a very detailed picture of the local
tissue structure with extraordinary resolution.

The increasing use of MRI and the sensitivity of current
machines and computer algorithms have had the unin-
tended effect of revealing a large number of unimportant
findings that create undue worry and often trigger a neu-
rologic consultation. However, a surprising number of
incidental brain lesions of consequence are also exposed.
For example, a large survey of asymptomatic adults who
were being followed in the “Rotterdam Study” is in
accord with several prior studies in which cerebral aneu-
rysms were found in approximately 2 percent, meningio-
mas in 1 percent, and a smaller but not insignificant
number of vestibular schwannomas and pituitary tumors;
the meningiomas, but not the aneurysms, increased in fre-
quency with age. One percent had the Arnold-Chiari mal-
formation, and a similar number had arachnoid cysts. In
addition, seven percent of adults older than age 45 years
had occult strokes, mostly lacunar. Because this survey
was performed without gadolinium infusion, it might be
expected that even more small lesions could be revealed
(Vernooij et al).

The technique of magnetic resonance spectroscopy, actually
a derivative of nuclear magnetic resonance (NMR), is
beginning to find increasing use in the analysis of certain
cerebral lesions. As currently used, a region of brain is
chosen for analysis and magnetic resonance frequency
sequences are applied that detect signals from the relax-
ation of the electrochemical bonds of various constituents
of brain tissue. The main ones are choline and N-acetyl
aspartate (NAA); the choline is contained mainly in cell
membranes of myelin and NAA is a marker for neurons.
Also detectable are breakdown products of myelin, which
appear to the right of NAA on the spectrogram. In this
way, a lesion caused by infarction, tumor, or demyelina-
tion can be distinguished.

The use of CT scanning and MRI in the diagnosis of par-
ticular neurologic disorders is considered in the appropri-
ate chapters.

Angiography

This technique has evolved over the past 50 years to the
point where it is a safe and valuable method for the diagno-
sis of aneurysms, vascular malformations, narrowed or
occluded arteries and veins, arterial dissections, and angi-
itis. Since the advent of CT and MRI, the use of angiogra-
phy has practically been limited to the diagnosis of these
vascular disorders, and refinements in the former two tech-
niques (magnetic resonance angiography [MRA] and spiral
and helical CT scanning, described further on) promise to
eliminate even these applications of conventional x-ray
angiography. However, new endovascular procedures for
the ablation of aneurysms, arteriovenous malformations,
and vascular tumors still may require the incorporation of
conventional angiography.

Following local anesthesia, a needle is placed in the femo-
ral or brachial artery; a cannula is then threaded through the
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needle and along the aorta and the arterial branches to be
visualized. In this way, a contrast medium can be injected to
visualize the arch of the aorta, the origins of the carotid and
vertebral systems, and the extensions of these systems
through the neck and into the cranial cavity. Experienced
arteriographers can visualize the cerebral and spinal cord
arteries down to about 0.1 mm in lumen diameter (under
optimal conditions) and small veins of comparable size.

Angiography is not altogether without risk. High concen-
trations of the injected medium may induce vascular spasm
and occlusion, and clots may form on the catheter tip and
embolize the artery. Overall morbidity from the procedure is
approximately 2.5 percent, mainly in the form of worsening
of a preexistent vascular lesion or from complications at the
site of artery puncture. Occasionally, a frank brain or leg
ischemic lesion is produced, probably the result of particu-
late atheromatous material that is dislodged by the catheter
or less often, by dissection caused by the catheter. The
patient may be left hemiplegic, quadriplegic, or blind; for
these reasons the procedure should not be undertaken
unless it is deemed necessary to obtain a clear diagnosis or
in anticipation of surgery that requires a definition of the
location of the vessels. A cervical myelopathy is a very infre-
quent but disastrous complication of vertebral artery dye
injection; the problem is heralded by pain in the back of the
neck immediately after injection. Progressive cord ischemia
from an ill-defined vascular pathology ensues over the fol-
lowing hours. This same complication may occur at other
levels of the cord following visceral angiography.

With current refinements of radiologic technique that
use digital computer processing of radiologic data to pro-
duce images of the major cervical and intracranial arteries,
the vessels can be visualized with relatively small amounts
of dye that are introduced through smaller catheters than
those used previously.

Magnetic Resonance and Computed
Tomographic Angiography

These are noninvasive techniques for visualizing the
main intracranial arteries. They can reliably detect intra-
cranial vascular lesions and extracranial carotid artery ste-
nosis and are supplanting conventional angiography.
They approach, but have not yet reached, the radiographic
resolution of invasive angiography for distal vessels and
for the fine detail of occlusive lesions, but they are very
useful in gauging the patency of the large cervical and
basal vessels (Fig. 2-3A to D). Visualization of the cerebral
veins is also possible. Unlike MRA, the CT technique
requires the injection of intravenous dye but has the great
advantage of showing blood vessels and their anomalies
in relation to adjacent brain and bone (Fig. 2-3E). The use
of these and other methods for the investigation of carotid
artery disease (ultrasound Doppler flow and imaging
techniques) is discussed further below and in Chap. 34, on
cerebral vascular disease.

Positron Emission Tomography

This technique, commonly known as PET, measures the
regional cerebral concentration of systemically adminis-

tered radioactive tracers. Positron-emitting isotopes (usu-
ally ''C, 18, 13N, and '°0) are produced in a cyclotron or
linear accelerator and incorporated into biologically active
compounds in the body. The concentration of the tracers
in various parts of the brain is determined noninvasively,
by detectors outside the body, and tomographic images
are constructed by techniques similar to those used in CT
and MRIL

Local patterns of cerebral blood flow, oxygen uptake,
and glucose utilization can be measured by PET scanning,
and the procedure has proved to be of value in grading
primary brain tumors, distinguishing tumor tissue from
radiation necrosis, localizing epileptic foci, and, especially,
differentiating types of dementing diseases. The technique
was recently applied to specially labeled ligands of patho-
logic chemical species such as beta-amyloid, enabling
imaging of the deposition of these proteins in the brain as
an experimental method for detecting and following Alz-
heimer disease. No doubt this approach will become
increasingly important in the study of degenerative dis-
eases and their response to treatment. The ability of the
technique to quantitate neurotransmitters and their recep-
tors also promises to be of importance in the study of Par-
kinson disease and other degenerative diseases. This
technology requires costly facilities and has limited avail-
ability at the moment.

Single-Photon Emission
Computed Tomography

This technique, which has evolved from PET, uses isotopes
that do not require a cyclotron for their production. Radioli-
gands (usually containing iodine) are incorporated into bio-
logically active compounds, which, on decay, emit only a
single photon. This procedure allows the study of regional
cerebral blood flow under conditions of cerebral ischemia or
during intense tissue metabolism. The restricted anatomic
resolution provided by single-photon emission computed
tomography (SPECT) has limited its clinical usefulness, but
its wider availability makes it appealing for clinical use. This
has proved particularly true in helping to distinguish
between Alzheimer dementia and a number of focal cerebral
(lobar) atrophies, and in the localization of epileptic foci in
patients who are candidates for cortical resection. Once
injected, the isotope localizes rapidly in the brain, with
regional absorption proportional to blood flow, and is then
stable for an hour or more. It is thus possible, for example, to
inject the isotope at the time of the seizure onset, while the
patient is undergoing video and electroencephalographic
monitoring, and to scan the patient later.

Ultrasonography

In recent years this technique has been refined to the point
where it has become a principal methodology for clinical
study of the fetal and neonatal brain and an important ancil-
lary test for the cerebral vessels in adults. The instrument for
this application consists of a transducer capable of convert-
ing electrical energy to ultrasound waves of a frequency
ranging from 5 to 20 kHz. These are transmitted through the
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Figure 2-3. A. Magnetic resonance angiogram (MRA) of the intracranial vessels (antero-
posterior projection). Visualized are the large carotid arteries ascending on either side
of the smaller vertebral arteries, which join to form the basilar artery in the midline.
This technique allows resolution of the middle and anterior cerebral arteries beyond
their first branchings. B. Lateral views of the intracranial MRA, showing the two large
carotid arteries superimposed on each other anteriorly, giving rise to the middle and
anterior cerebral arteries, and the vertebral and basilar arteries posteriorly, which in
turn give rise to the posterior cerebral arteries. C. Normal MRA of the cervical portions
of the common, internal, and external carotid arteries, and the lone, smaller vertebral
artery. D. CT angiogram (CTA) performed by injection of intravenous contrast, show-
ing intracranial vessels. E. CT angiogram, lateral view of the extracranial carotid circu-
lation (densely opacified common [bottom white arrow], internal and external carotid
arteries) and adjacent less opacified jugular vein. The distal extracranial vertebral
artery can be seen looping around C-2 posteriorly (upper black arrow).

intact skull into the brain. Different tissues have a variable ~ and central nuclear masses. Usually several coronal and
acoustic impedance and send echoes back to the transducer, ~ parasagittal views are obtained by placing the transducer
which displays them as waves of variable height or as  over open fontanelles or the child’s thin calvarium. Intracer-
points of light of varying intensity. In this way, one can  ebral and subdural hemorrhages, mass lesions, and congen-
obtain images in the neonate of choroid plexuses, ventricles, ital defects can readily be visualized.



CHAPTER 2 Special Techniques for Neurologic Diagnosis 27

Similar instruments are used to insonate the basal ves-
sels of the circle of Willis (“transcranial Doppler”), the cer-
vical carotid and vertebral arteries, and the temporal
arteries for the study of cerebrovascular disease. Their
greatest use is in detecting and estimating the degree of
stenosis of the origin of the internal carotid artery. In addi-
tion to providing a sound image of the vascular structures,
the Doppler frequency shift caused by flowing red blood
cells creates a display of velocities at each site in a vessel.
The two techniques combined have been called “carotid
duplex”; they allow an accurate localization of the locus of
maximal stenosis as reflected by the highest rates of flow
and turbulence. The display scale for the Doppler shift is
color coded so as to make the insonated image and flow
map easy to view and interpret.

The transcranial Doppler uses a 2-MHz pulsed signal that
is able to transgress the calvarial bone in adults and then
receives a frequency-shifted signal from the blood flowing in
the Iumen of the basal vessels. This allows the detection of
vascular stenoses and the greatly increased blood flow veloc-
ity caused by vasospasm from subarachnoid hemorrhage.

Ultrasound has several advantages, notably that it is
noninvasive, harmless (hence can be used repeatedly),
convenient because of the portability of the instrument,
and inexpensive. More specific applications of this tech-
nique are discussed in Chap. 38, on developmental dis-
eases of the nervous system, and in Chap. 34, on stroke.

The related technique of echocardiography has also
assumed a central role in the evaluation of stroke, as indi-
cated in Chap. 34.

ELECTROENCEPHALOGRAPHY

The electroencephalographic examination, for many years a
standard laboratory procedure in the study and localization
of all forms of cerebral disease, has to a large extent been sup-
planted by CT and MRI for the purposes of localization. Nev-
ertheless, it continues to be an essential part of the study of
patients with seizures and those suspected of having seizures,
as well as in brain death and for the study of sleep (polysom-
nography). It is also used in evaluating the cerebral effects of
many systemic metabolic diseases and in the operating room
to monitor cerebral activity in anesthetized patients. For a few
diseases, such as subacute spongiform encephalopathy; it can
be the defining laboratory test. The technique is described
here in some detail, as its general use in neurology cannot
suitably be assigned to any other single chapter.

The electroencephalograph records spontaneous electrical
activity generated in the cerebral cortex. This activity reflects
the electrical currents that flow in the extracellular spaces of
the brain that are the summated effects of innumerable exci-
tatory and inhibitory synaptic potentials upon cortical neu-
rons. This spontaneous activity of cortical neurons is much
influenced and synchronized by subcortical structures, par-
ticularly the thalamus and high brainstem reticular forma-
tion. Afferent impulses from these deep structures are
probably responsible for entraining cortical neurons to pro-
duce characteristic thythmic brain-wave patterns, such as
alpha rhythm and sleep spindles (see further on).

Electrodes, which are silver or silver-silver chloride discs
0.5 cm in diameter, are attached to the scalp by means of a
conductive paste. The electroencephalograph has 8 to 32 or
more amplifying units capable of recording from many
areas of the scalp at the same time. The amplified brain
rhythms are seen as waveforms of brain activity in the fre-
quency range of 0.5 to 30 Hz (cycles per second) on a stan-
dard display of 3 cm/s. In the past, the amplified signals
were recorded by a bank of pens but more often now, a dig-
ital format is displayed on a computer screen and stored in
digital format. The resulting electroencephalogram (EEG),
essentially a voltage-versus-time graph, is a number of simul-
taneous parallel wavy lines, or “channels” (Fig. 2-4A). Each
channel represents the difference in electrical potential
between two electrodes (a common or ground electrode
may be used as one recording site, but the channel still rep-
resents a bipolar recording). The channels are arranged for
viewing into standard montages that generally compare the
activity from one region of the cerebral cortex to that from
the corresponding region of the opposite side. The cur-
rently favored configuration of electrode pairs is the “Inter-
national 10-20” system, which uses 10 electrodes on each
side of the cranium and emphasizes contiguous regions of
the brain for ease of visual inspection of the record.

Patients are usually examined with their eyes closed
and while relaxed in a comfortable chair or bed. Conse-
quently, the ordinary EEG represents the electrocerebral
activity that is recorded under restricted circumstances,
usually during the waking or sleeping state, from several
parts of the cerebral convexities during an almost infini-
tesimal segment of the person’s life.

In addition to the resting record, a number of so-called acti-
vating procedures are usually employed. First, the patient is
asked to breathe deeply 20 times a minute for 3 min. Hyper-
ventilation, through a mechanism yet to be determined, may
activate characteristic seizure patterns or other abnormalities.
Second, a powerful strobe light is placed about 15 inches
from the patient’s eyes and flashed at frequencies of 1 to 20
per second with the patient’s eyes open and closed. The
occipital EEG leads shows waves corresponding to each
flash of light (photic driving, Fig. 2-4B) or the stroke may
precipitate abnormal discharges (Fig. 2-4C).

The EEG is recorded after the patient is allowed to fall
asleep naturally or following sedative drugs given in chil-
dren. Sleep is extremely helpful in bringing out abnormal-
ities, especially where temporal lobe epilepsy and certain
other syndromes are suspected.

Through the medium of lengthy EEG recordings (as
described in Chap. 19), many abnormalities associated with
sleep can be demonstrated and EEG activity synchronized
with videographically recorded seizure activity. Also useful
clinically are EEGs recorded by small digital devices or
telemetry from freely moving ambulatory patients with
suspected seizure disorders. Chapter 16 discusses these
techniques more fully.

Certain precautions are necessary if electroencephalog-
raphy is to be most useful. The patient should not be
sedated (except as noted above) and should not have been
without food for a long time, for both sedative drugs and
relative hypoglycemia might modify the normal EEG pat-
tern. The same may be said of mental concentration and
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Figure 2-4. A. Normal alpha (9 to 10 per second) activity is present posteriorly (bottom channel). The top channel contains a large blink artifact.
Note the striking reduction of the alpha rhythm with eye opening (arrow). B. Photic driving. During stroboscopic stimulation of a normal sub-
ject, a visually evoked response is seen posteriorly after each flash of light (signaled on the bottom channel). C. Stroboscopic stimulation at 14
flashes per second (bottom channel) has produced a photoparoxysmal response in this epileptic patient, evidenced by the abnormal spike and
slow-wave activity toward the end of the period of stimulation. (continued)

extreme nervousness or drowsiness, all of which tend to
suppress the normal alpha rhythm and increase muscle
and other artifacts. When dealing with patients who are
suspected of having epilepsy and are already being
treated for it, most physicians prefer to record the EEG
while the patient continues to receive anticonvulsant
drugs. Under special circumstances, for example during
inpatient monitoring, these drugs are withdrawn for a day

or two in order to increase the chance of recording a sei-
zure discharge.

The proper interpretation of EEGs involves the recogni-
tion of several characteristic normal and abnormal pat-
terns and background rhythms (in accordance with the
age of the patient), the detection of asymmetries and peri-
odic changes in rhythm, and, importantly, the differentia-
tion of artifacts from genuine abnormalities.
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Figure 2-4. (Continued) D. An EEG showing focal spike-and-wave discharges over the right frontal region (channels 1 to 3). There were convul-
sive movements of the left side of the body. E. Absence seizures, showing generalized 3-per-second spike-and-wave discharge. The abnormal
activity ends abruptly and normal background activity appears. F. Large, slow, irregular delta waves are seen in the right frontal region (chan-
nels 1 and 2). In this case a glioblastoma was found in the right cerebral hemisphere, but the EEG picture does not differ basically from that pro-

duced by a stroke, abscess, or contusion. (continued)

Types of Normal Recordings

The normal record in adults shows somewhat asymmetri-
cal 8- to 12-per-second 50-mV sinusoidal alpha waves in
both occipital and parietal regions. These waves wax and
wane spontaneously and are attenuated or suppressed
completely with eye opening or mental activity (see Fig.
2-4A). The frequency of the alpha rhythm varies mini-
mally for an individual patient, although the individual’s
rate may slow during aging. Waves faster than 12 Hz and
of lower amplitude (10 to 20 mV), called beta waves, are
normally recorded from the frontal regions symmetrically.

When the normal subject falls asleep, the alpha rhythm
slows symmetrically and characteristic waveforms (vertex
sharp waves and sleep spindles) appear (see Fig. 19-1). If
benzodiazepines or other sedating drugs have been
administered, an increase in the fast frequencies normally
occurs. A small amount of theta (4- to 7-Hz) activity may
normally be present over the temporal regions, somewhat
more so in persons older than 60 years of age. Delta (1- to
3-Hz) activity is not present in the normal waking adult.
During stroboscopic stimulation, an occipital response
to each flash of light may normally be seen (photic or occip-
ital driving). The presence of such a response indicates that
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Figure 2-4. (Continued) G. Grossly disorganized background activity interrupted by repetitive “pseudoperiodic” discharges consisting of large,
sharp waves from all leads about once per second. This pattern is characteristic of Creutzfeldt-Jakob disease. H. Advanced hepatic coma. Slow
(about 2 per second) waves have replaced the normal activity in all leads. This record demonstrates the triphasic waves often seen in this disor-
der. I. Deep coma following cardiac arrest, showing electrocerebral silence. With the highest amplification, electrocardiogram (ECG) and other
artifacts may be seen, so that the record is not truly “flat” or isoelectric. However, no cerebral rhythms are visible. Note the ECG (channel 5).

(Iustrations courtesy of Dr. Susan Chester.)

the patient can at least perceive light, and if there is a
claim to the contrary, the patient is either hysterical or
malingering. The evoked visual responses (see further on)
are an even more sensitive means of detecting psy-
chogenic blindness than occipital driving on EEG. Spread
of the occipital response to photic stimulation, with the
production of abnormal sharp or paroxysmal waves, pro-
vides evidence of abnormal excitability (Fig. 2-4B and C).
Seizure patterns may be produced during this type of EEG
testing, accompanied by gross myoclonic jerks of the face,
neck, and limbs (photomyogenic or photomyoclonic
response) or by convulsions (photoparoxysmal or photo-
convulsive response). Such effects occur with some regu-

larity during periods of withdrawal from alcohol and
other sedative drugs.

Children and adolescents are more sensitive than
adults to all the activating procedures mentioned. It is
customary for children to develop delta waves (3 to 4
Hz) during the middle and latter parts of a period of
overbreathing (hyperventilation). This EEG activity,
referred to as “breakdown” of “buildup,” disappears
soon after hyperventilation has stopped. The frequency
of the dominant rhythms in infants is normally about 3
Hz, and they are very irregular. With maturation, there
is a gradual increase in frequency and regularity of
these occipital rhythms; an alpha rhythm appears by
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age 6 years and the adult frequency is reached by the
age of 10 to 12 years; normal alpha waves are the domi-
nant pattern (see Chap. 28 for further discussion of mat-
uration of the brain as expressed in the EEG). The
interpretation of records of infants and children require
considerable experience because of the wide range of
normal patterns at each age period (see Hahn and
Tharp). Nevertheless, asymmetrical records or records
with seizure patterns are clearly abnormal in children of
any age. Also, normal patterns in the fetus, from the
seventh month onward, have been established. Certain
changes in these patterns, as described by Stockard-
Pope et al and by deWeerd, are clearly indicative of a
developmental disorder or disease.

Types of Abnormal Recordings

Localized regions of greatly diminished or absent brain
waves may be seen when there is a particularly large area
of infarction, traumatic necrosis, or tumor or when an
extensive clot lies between the cerebral cortex and the
electrodes. With such a finding, the EEG localization of the
abnormality is reasonably precise—but, of course, the
nature of the lesion is not disclosed. However, most such
lesions are not large enough, relative to the recording
arrangement, to abolish the brain waves, and the EEG
may then record abnormal slow waves arising from func-
tioning brain at the borders of the lesion.

Two types of abnormal waves, already mentioned, are
of lower frequency and higher amplitude than normal.
Waves below 4 Hz with amplitudes from 50 to 350 mV are
called delta waves (Fig. 2-4G and H); those with a fre-
quency of 4 to 7 Hz are called theta waves. Fast (beta) activ-
ity tends to be prominent frontally and usually reflects the
effects of sedative drugs or, if focal, an immediately
underlying skull defect (bone normally filters the abun-
dant fast activity of the cortex). Spikes or sharp waves are
transient high-voltage waveforms that have a pointed
peak at recording speeds and duration of 20 to 70 ms and
70 to 200 ms (Fig. 2-4D). Spikes or sharp waves that occur
interictally in people with epilepsy or in individuals with
a genetic disposition to seizures are referred to as epilepti-
form discharges.

These abnormal fast and slow waves may be com-
bined, and when a series of them interrupt relatively
normal EEG patterns in a paroxysmal fashion, they are
highly suggestive of epilepsy. The ones associated with
absence seizures are 3-per-second spike-and-wave com-
plexes that characteristically appear in all leads of the
EEG simultaneously and disappear almost as suddenly
at the end of the seizure (Fig. 2-4E). This finding led to
the theoretic localization of a pacemaker for primary
generalized seizure discharges in the thalamus or other
deep gray structures (“centrencephalic seizures”), but
such a center has not been verified anatomically or
physiologically.

The most pathologic finding of all is the replacement of
the normal EEG pattern by “electrocerebral silence,”
meaning that the electrical activity of the cortical mantle,
recorded from the scalp, is absent. Artifacts of various
types should be seen as the amplifier gains are increased;

if not, there is a risk that the leads are not properly con-
nected to the machine. Acute intoxication with high levels
of drugs such as barbiturates can transiently produce this
sort of isoelectric EEG (Fig. 2-4I). In the absence of ner-
vous system depressants or extreme degrees of hypother-
mia, a record that is “flat” (<2 uV except for artifacts) over
all parts of the head is almost always a result of profound
cerebral hypoxia or ischemia or of trauma and raised
intracranial pressure. Such a patient—without EEG activ-
ity, brainstem reflexes, and spontaneous respiratory or
muscular activity of any kind—is said to be “brain dead.”
The brain of such a patient is largely necrotic, and there is
no chance of neurologic recovery. Chapter 17 further dis-
cusses brain death.

Neurologic Conditions Causing
Abnormal Electroencephalograms

Epilepsy

All types of generalized epileptic seizures (grand mal and
typical and atypical absence; see Chap. 16) are usually
associated with some abnormality in the EEG provided
that it is being recorded at the time of the seizure. Also, the
EEG is usually abnormal during more restricted types of
seizure activity. Rare exceptions are seizure states that
originate in deep temporal, medial, or orbital frontal foci,
from which the discharge fails to reach the scalp in suffi-
cient amplitude to be seen against the normal background
activity of the EEG. Most often, a completely normal EEG
during a convulsion indicates a “pseudoseizure” (a psy-
chogenic nonepileptic seizure).

Some of the different types of seizure patterns are shown
in Fig. 2-4C, D, and E. The absence, myoclonic, and grand
mal patterns correlate closely with the clinical seizure type
and may be present in milder form in the interictal EEG.

A fact of importance is that, between seizures, a single
EEG recording will show a normal pattern in as many as
30 percent of patients with absence seizures and 50 per-
cent of those with grand mal epilepsy (this percentage is
less with repeated recordings). Anticonvulsant therapy
also tends to diminish the interictal EEG abnormalities.
The records of another 30 to 40 percent of those with epi-
lepsy, although abnormal between seizures, are nonspecif-
ically so; consequently, the diagnosis of epilepsy can be
made only by the correct interpretation of clinical data in
relation to the EEG abnormality.

Focal Brain Lesions (Brain Tumor, Abscess,
Subdural Hematoma, Stroke, and Encephalitis)

In a very high proportion of patients, intracranial mass
lesions are associated with focal or localized slow-wave
activity (usually delta, as in Fig. 2-4F) or, occasionally, sei-
zure activity. Although the EEG may be diagnostically help-
ful in cases of brain tumor or abscess, particularly when
integrated with the other laboratory and clinical findings,
reliance is now placed almost exclusively on CT and MRIL
However, EEG remains of considerable value in the
diagnosis of herpes simplex encephalitis in which periodic
high-voltage sharp waves and slow-wave complexes at
intervals of 1 to 3 per second in the temporal regions are
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characteristic. The other infectious encephalitides are
often associated with sharp or spike activity, particularly
if there have been seizures. Figure 2-4G shows the highly
characteristic pattern of sharp waves that are almost peri-
odic in Creutzfeldt-Jakob disease.

The EEG is now little used in the differential diagnosis
of stroke, except to distinguish a transient ischemic attack
from a seizure. In the past, one practical value was in the
ability to differentiate an acute ischemic lesion in the dis-
tribution of the middle cerebral artery, which produces a
broad area of slowing, from lacunar infarction deep in the
cerebrum or brainstem, in which the surface EEG is usu-
ally normal despite prominent clinical abnormalities.
After 3 to 6 months, in roughly 50 percent of patients with
infarction in the territory of the middle cerebral artery, the
focal EEG slowing becomes normal. Perhaps half these
patients will have had normal EEGs even in the week or
two following the stroke. A persistent abnormality is gen-
erally associated with a poor prognosis for further recov-
ery. Large lesions of the diencephalon or midbrain
produce bilaterally synchronous slow waves, but those of
the pons and medulla (i.e., below the mesencephalon) are
usually associated with a normal or near-normal EEG pat-
tern despite catastrophic clinical changes.

A brief episode of cerebral concussion in animals is
accompanied by a transitory disturbance in the EEG, but in
humans this is usually no longer evident by the time a
recording can be made. Large cerebral contusions produce
focal EEG slowing similar to those described for cerebral
infarction. Sharp waves or spikes sometimes emerge as the
focal slow-wave abnormality resolves and may precede the
occurrence of posttraumatic epilepsy; serial EEGs may be of
prognostic value in this regard. During syncope, the EEG is
slowed and of reduced amplitude even to the point of
becoming “flat.” Upon recovery, a number of patterns have
been described as discussed further in Chap. 18.

Diseases That Cause Coma and
States of Impaired Consciousness

The EEG is abnormal in almost all conditions in which
there is impairment of the level of consciousness. There is,
for example, a fairly close correspondence between the
severity of acute anoxic damage from cardiac arrest and
the degree of EEG slowing. The mildest forms are associ-
ated with generalized theta activity, intermediate forms
with widespread delta waves and the loss of normal back-
ground activity, and the most severe forms with “burst
suppression,” in which brief isoelectric periods are fol-
lowed by high-voltage sharp and irregular delta activity.
The latter pattern usually progresses to the electrocerebral
silence of brain death, a condition discussed earlier.

The term alpha coma refers to a unique EEG pattern in
which an apparent alpha activity in the 8- to 12-Hz range
is distributed widely over the hemispheres rather than in
its normal location posteriorly. When analyzed carefully,
this apparent alpha activity, unlike the normal mono-
rhythmic alpha, is found to vary slightly in frequency
within in a narrow band. This is usually a transitional pat-
tern after global anoxia; less often, alpha coma is seen with
large acute pontine lesions. With severe hypothyroidism,
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the brain waves are normal in configuration but usually of
decreased frequency.

In altered states of alertness, the more profound the
depression of consciousness, in general, the more abnor-
mal and slower the EEG rhythms. In states of deep stupor
or coma, the slow (delta) waves are bilateral and of high
amplitude and tend to be more conspicuous over the fron-
tal regions (Fig. 2-4H). This pertains in such differing con-
ditions as acute meningitis or encephalitis and disorders
that severely derange blood gases, glucose, electrolytes,
and water balance; uremia; diabetic coma; and impair-
ment of consciousness accompanying the large cerebral
lesions discussed above. In hepatic coma, the degree of
abnormality in the EEG corresponds most closely with the
degree of confusion, stupor, or coma. Characteristic of
hepatic coma are paroxysms of bilaterally synchronous
large, sharp “triphasic waves” (Fig. 2-4H), although such
waveforms may also be seen with less regularity in
encephalopathies related to renal or pulmonary failure
and with acute hydrocephalus (frontal slowing is more
typical of hydrocephalus).

An EEG may also be of help in the diagnosis of coma
when the pertinent history is unavailable and in the dis-
closure of status epilepticus in the absence of obvious
convulsions (“nonconvulsive status epilepticus,” or “spike-
wave stupor”) and of partial complex seizures that
induce a fugue state. It may also point to an otherwise
unexpected cause, such as hepatic encephalopathy, intoxi-
cation with barbiturates or other sedative-hypnotic
drugs, the effects of diffuse anoxia—ischemia, catatonia,
or hysteria (in which the EEG is normal).

Diffuse Degenerative Diseases

Alzheimer disease and other degenerative diseases that
cause serious impairment of cerebrocortical function are
accompanied by relatively slight degrees of diffuse slow-
wave abnormality in the theta (4- to 7-Hz) range; many
recordings are normal in the early and midstages of ill-
ness. More rapidly progressive disorders—such as sub-
acute sclerosing panencephalitis (SSPE), Creutzfeldt-Jakob
disease, and to a lesser extent the cerebral lipidoses—often
have, in addition, very characteristic and almost pathog-
nomonic EEG changes consisting of periodic bursts of
high-amplitude sharp waves, usually bisynchronous and
symmetrical (Fig. 2-4G). In a negative sense, a normal EEG
in a patient who is profoundly apathetic is a point in favor
of the diagnosis of hysteria, catatonia, or schizophrenia
(see below).

Other Diseases of the Cerebrum

Many disorders of the brain cause little or no alteration
in the EEG. Multiple sclerosis and other demyelinating
diseases are examples, although as many as 50 percent of
advanced cases will have an abnormal record of nonspe-
cific type (focal or diffuse slowing). Delirium tremens
and Wernicke-Korsakoff disease, despite the dramatic
nature of the clinical picture, cause little or no change in
the EEG. Some degree of slowing usually accompanies
confusional states that some clinicians have designated
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as hypokinetic delirium (Chap. 20). Interestingly, the
psychoses (bipolar disorders or schizophrenia), intoxica-
tion with hallucinogenic drugs such as lysergic acid
diethylamide (LSD), and the majority of cases of mental
retardation are associated either with no modification of
the normal record or with only minor nonspecific abnor-
malities unless seizures are present.

Clinical Significance of Minor
Electroencephalogram Abnormalities

The gross EEG abnormalities discussed above are by
themselves clearly abnormal, and any formulation of the
patient’s clinical state should attempt to account for them.
Lesser degrees of abnormality form a continuum between
the undoubtedly abnormal and the completely normal
and are of correspondingly less significance. Findings
such as 14- and 6-per-second positive spikes or small
sharp waves during sleep, scattered 5- or 6-per-second
slowing, minor voltage asymmetries, and persistence of
“breakdown” for a few minutes after hyperventilation are
interpreted as normal variants or borderline abnormalities.
Whereas borderline deviations in an otherwise entirely
normal person have no clinical significance, the same min-
imal EEG findings associated with particular clinical signs
and symptoms become important. The significance of a
normal or “negative” EEG in certain patients suspected of
having a cerebral lesion was discussed above.

As a general clinical principle, the results of the EEG,
like those of the EMG and electrocardiogram, are mean-
ingful only in relation to the illnesses under consideration
and the clinical state of the patient at the time the record-
ings were made.

EVOKED POTENTIALS

The stimulation of sense organs or peripheral nerves
evokes an electrical response in the corresponding cortical
receptive areas and in a number of subcortical relay sta-
tions. However, one cannot place a recording electrode
near the nuclear relay stations, nor can one detect tiny
potentials of only a few microvolts among the much larger
background activity in the EEG. The use of computerized
averaging methods, introduced by Dawson in 1954, has
provided a means of overcoming these problems. Initially,
emphasis was on the study of late waves (over 75 ms after
the stimulus) because they are of high amplitude and easy
to record. However, there is more clinical utility in record-
ing the much smaller, so-called short-latency waveforms,
which are received at each nuclear relay within the main
sensory systems. These waveforms are maximized by the
computer to a point where their latency and voltage can
easily be measured. One of the most remarkable proper-
ties of evoked potentials is their resistance to anesthesia,
sedative drugs, and—in comparison with EEG activity—
even damage of the cerebral hemispheres. This permits
their use for monitoring the integrity of cerebral pathways
in situations that render the EEG useless. The details of
these techniques are reviewed in Chiappa’s monograph.

The interpretation of evoked potentials (visual, audi-
tory, and somatosensory) is based on the prolongation of
the latencies of the waveforms after the stimulus, the
interwave latencies, and asymmetries in timing. Norms
have been established, but it is advisable to confirm these
in each laboratory. Typically 2.5 or 3 standard deviations
above the mean latency for any measurement is taken as
the definition of abnormality (Table 2-4). The amplitudes
of the waves are less informative.

Visual Evoked Potentials

For many years it had been known that a light stimulus
flashing on the retina often initiates a discernible wave-
form over the occipital lobes. In the EEG, such responses
to fast rates of stimulation are referred to as the occipital
driving response (Fig. 2-4B and C). It was appreciated 50
years ago that a visual evoked response is produced by
the sudden change of a viewed checkerboard pattern.
These responses, produced by rapidly repeating the pat-
tern reversal, are easier to detect and measure than flash
responses and more consistent in waveform from one
individual to another. This type of stimulus, applied first
to one eye and then to the other, can demonstrate conduc-

Table 2-4

MAIN SENSORY EVOKED POTENTIAL LATENCIES FROM
STIMULUS, MILLISECONDS?
UPPER LIMIT
TYPE OF EVOKED POTENTIAL MEAN (MEAN + 3 SD)
PSVER (70-min check size)
P100 absolute latency 104 118
Intereye difference 2 8
BAER (60 dBSL, 10/s monaural stimuli)
Interwave latency
I-1I1 2.1 2.6
m-v 1.9 2.4
-V 4.0 4.7
Interside difference for most 0.1 0.4
latencies
SEP—median nerve (wrist stimulation)
Absolute latency
Erb’s point 9.7 12.0
P/N 13 (cervicomedullary) 13.5 16.3
N 19/P 21 (cortical) 19.0 22.1
Interwave latency
Erb’s-P/N 13 3.8 52
P/N13-N 19 55 6.8
Interside difference
P/N13-N 19 0.3 1.1
SEP—tibial nerve (ankle stimulation; Fz-Cz recording; 165-cm height;
absolute latencies are shorter for stimulation at the knee)
Absolute latency
Lumbar point (cauda equina) 20 25
N/P 37 (cortex) 36 425
Interwave latency
Lumbar-N/P 37 16.4 21.6
Interside difference
Lumbar-N/P 37 0.7 19

“Norms must be verified in each laboratory; in most instances they are
sensitive to the technique and stimulus used and height of the patient
in the cases of limb stimulation.

PSVER, pattern shift visual evoked response; BAER, brainstem auditory
evoked response; SEP, somatosensory evoked response.



34 Part 1

tion delays in the visual pathways of patients who have
had disease of the optic nerve—in particular when there
are no residual signs of reduced visual acuity, visual field
abnormalities, alterations of the optic nerve head, or
changes in pupillary reflexes. Furthermore, the presence
of a normal visual evoked response belies blindness from
a lesion in the anterior visual pathways and their projec-
tions to the occipital cortex.

This procedure, called pattern-shift visual evoked responses
(PSVERs, or VERs) or pattern-reversal visual evoked
potentials, has been widely adopted as one of the most
delicate tests of lesions in the visual system. Figure 2-5
illustrates the normal PSVER and two types of delayed
responses. Usually, abnormalities in the amplitude and
duration of PSVER accompany the abnormally prolonged
latencies, but they are difficult to quantify. The expected
latency for the positive polarity, by convention a down-
ward deflection, PSVER is near 100 ms (thus the term
P100); an absolute latency from the stimulus over approxi-
mately 118 ms or a difference in latencies of greater than 9
ms between the two eyes signifies involvement of one
optic nerve (Table 2-4). Bilateral prolongation of latencies,
demonstrated by separate stimulation of each eye, can be
caused by lesions in both optic nerves, the optic chiasm, or
the visual pathways posterior to the chiasm.

As indicated above, PSVER is especially valuable in
proving the existence of active or residual disease of an
optic nerve. Patients with previous optic neuritis will
have normal latencies. Furthermore, similar prolonga-
tions of PSVER are found in about one-third of multiple
sclerosis patients who have had no history or clinical evi-
dence of optic nerve involvement. This acquires signifi-
cance in that the finding of abnormal PSVER in a patient
with a clinically apparent demyelinating lesion elsewhere
in the CNS may usually be taken as evidence of multiple
sclerosis.

A compressive lesion of an optic nerve will have the
same effect as a primarily demyelinating one. Many other
diseases of the optic nerves—including toxic and nutri-
tional amblyopias, ischemic optic neuropathy, and the
Leber type of hereditary optic neuropathy—show abnor-
malities of the PSVER. Glaucoma and other diseases
involving structures anterior to the retinal ganglion cells,
if severe enough to affect the optic nerve, may also pro-
duce increased latencies. Impaired visual acuity has little
effect on the latency but does correlate well with the
amplitude of the PSVER (a property that is exploited in
computerized testing for visual acuity). The use of testing
in detecting psychogenic blindness has already been men-
tioned. By presenting the pattern-shift stimulus to one
hemifield, it is possible to isolate a lesion to an optic tract
or radiation, or one occipital lobe, but with much less pre-
cision than that provided by the usual monocular test.

Brainstem Auditory Evoked Potentials

The effects of auditory stimuli can be studied in the same
way as visual ones by a procedure called brainstem audi-
tory evoked responses or potentials (BAERs, or BAEPs).
Between 1,000 and 2,000 clicks, delivered first to one ear
and then to the other, are recorded through scalp elec-
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Figure 2-5. Pattern-shift visual evoked responses (PSVERs). Latency
measured to first major positive peak (termed P100 because of its
latency from the stimulus of approximate 100 msec) and marked by

o

0.” Upper two tracings: These, from the right and left eyes, are nor-
mal. Middle tracings: PSVER from the right eye is normal but the
latency of the response from the left eye is prolonged and its duration
is increased. Lower tracings: PSVER from both eyes show abnormally
prolonged latencies, somewhat greater on the left than on the right.
Calibration: 50 ms, 2.5 mV.

trodes and maximized by computer. A series of seven
waves appears at the scalp within 10 ms after each stim-
ulus. On the basis of depth recordings and the study of
lesions produced in cats as well as pathologic studies of
the brainstem in disease, it has been suggested that each
of the first five waves is generated by a specific brain-
stem structure, as indicated in Fig. 2-6, but this is not
entirely clear in humans. The generators of waves VI and
VII in particular are uncertain. Clinical interpretations of
BAERs are based mainly on latency measurements of
waves I, IlI, and V. The most important are the interwave
latencies between I and III and III and V (see Table 2-4).
The presence of wave I and its absolute latency are of
particular value in testing the integrity of the auditory
nerve.

Alesion that affects one of the relay stations or its immedi-
ate connections manifests itself by a delay in its appearance
and an absence or reduction in amplitude of subsequent
waves. These effects are more pronounced on the side of the
stimulated ear than contralaterally. This is difficult to under-
stand, as a majority of the cochlear-superior olivary-lateral
lemniscal-medial geniculate fibers cross to the opposite side.
It is also surprising that a severe lesion of one relay station
would allow impulses, even though delayed, to continue
their ascent and be recordable in the cerebral cortex.

BAEPs are a particularly sensitive means of detecting
lesions of the eighth cranial nerve (acoustic neuroma and
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Figure 2-6. Short-latency brainstem auditory evoked responses (BAERs). Diagram of the proposed electrophysiologic—anatomic correlations in
human subjects. Waves I through V are the ones measured in clinical practice.

other tumors of the cerebellopontine angle) and of the
auditory pathways of the brainstem. Almost one-half of
patients with definite multiple sclerosis and a lesser
number with a possible or probable diagnosis of this dis-
ease will show abnormalities of the BAEPs (usually a
prolongation of interwave latencies I to III or III to V),
even in the absence of clinical symptoms and signs of
brainstem disease. The BAEPs are also useful in assess-
ing hearing in infants who have been exposed to ototoxic
drugs, in young children who cannot cooperate with
audiometry, and in those with psychogenic or feigned
deafness.

Somatosensory Evoked Potentials

Somatosensory evoked potentials (SEPs) are used in most
clinical neurophysiology laboratories to confirm lesions
in the somatic sensory systems. The technique consists of
applying 5-per-second painless transcutaneous electrical
stimuli to the median, peroneal, and tibial nerves and
recording the evoked potentials (for the upper limb) as
they pass the brachial plexus over the Erb point above

the clavicle, over the C2 vertebra, and over the opposite
parietal cortex, and (for the lower limb) sequentially over
the lumbar roots of the cauda equina, the nuclei over the
cervical spine, and the opposite parietal cortex. The
impulses generated in large touch fibers by 500 or more
stimuli and averaged by computer can be traced through
the peripheral nerves, spinal roots, and posterior col-
umns to the nuclei of Burdach and Goll in the lower
medulla, through the medial lemniscus to the contralat-
eral thalamus, and thence to the sensory cortex of the
parietal lobe. Delay between the stimulus site and the
Erb point or the lumbar spine indicates peripheral nerve
disease; delay from the Erb point (or lumbar spine) to C2
implies an abnormality in the appropriate nerve roots or,
more frequently, in the posterior columns; the presence
of lesions in the medial lemniscus and thalamoparietal
pathway can be inferred from delays of subsequent
waves recorded from the parietal cortex (Fig. 2-7). The
normal waveforms are designated by the symbols P
(positive) and N (negative), with a number indicating the
interval of time in milliseconds from stimulus to record-
ing (e.g., Nq17, Ny3, P13, Py, etc.). As shorthand for the
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Figure 2-7. Short-latency SEPs produced by stimulation of the median nerve at the wrist. The set of responses shown at left is from a normal
subject; the set at right is from a patient with multiple sclerosis who had no sensory symptoms or signs. In the patient, note the preservation of
the brachial-plexus component (EP), the absence of the cervical cord (N77) and lower-medullary components (N/P;3), and the latency of the
thalamocortical components (N;g and P,)), prolonged above the normal mean +3 SD for the interval from the brachial plexus potential.
Unilateral stimulation occurred at a frequency of 5 per second. Each trace is the averaged response to 1,024 stimuli; the superimposed trace
represents a repetition to demonstrate waveform consistency. Recording electrode locations are as follows: FZ, midfrontal; EP, the Erb point (the
shoulder); C2, the middle back of the neck over the C2 cervical vertebra; and Cc, the scalp overlying the sensoriparietal cortex contralateral to
the stimulated limb. Relative negativity at the second electrode caused an upward trace deflection. Amplitude calibration marks denote 2 mV.

(Reproduced by permission from Chiappa and Ropper.)

polarity and approximate latency, the summated wave
that is recorded at the cervicomedullary junction is
termed N/Pq3, and the cortical potential from median
nerve stimulation seen in two contiguous waves of oppo-
site polarity is called N7¢g—P,,. The corresponding cortical
wave after tibial or peroneal nerve stimulation is called
N, /P 37-

For purposes of clinical interpretation, the generators
of the SEP waves are assumed to be linked in series, so
that an interwave prolongation in latency indicates a
conduction defect between the generators of the two
peaks involved (Chiappa and Ropper). Normal values
are shown in Table 2-4. Recordings with pathologically
verified lesions at these levels are to be found in the
monograph by Chiappa. This test has been most helpful
in establishing the existence of lesions in spinal roots,
posterior columns, and brainstem in disorders such as
the ruptured lumbar and cervical discs, multiple sclero-
sis, and lumbar and cervical spondylosis when the clini-
cal data are uncertain. The central counterpart also
pertains—namely, that obliteration of the cortical waves
(assuming that all preceding waves are unaltered)
reflects profound damage to the somatosensory path-
ways in the hemisphere or to the cortex itself. As corol-

laries, the bilateral absence of cortical somatosensory
waves after cardiac arrest is a powerful predictor of a
poor clinical outcome; the persistent absence of a cortical
potential after stroke usually indicates such profound
damage that only a limited clinical recovery is to be
expected.

Evoked potential techniques have also been used in the
experimental study of olfactory sensation (see Chap. 12).

Magnetic Stimulation of the Motor System

It is now possible, by using single-pulse high-amplitude
magnetic stimulation, to directly activate the motor cor-
tex (transcranial magnetic stimulation) and cervical spine
segments, and to detect delays or lack of conduction in
descending motor pathways. This technique, introduced
by Marsden and associates, painlessly stimulates only the
largest motor neurons (presumably Betz cells) and the
fastest-conducting axons. Cervical stimulation is believed
to activate the anterior roots. The difference in time
between the motor cortical and cervical activation of
hand or forearm muscles reflects the conduction velocity
of the cortical-cervical cord motor neurons. The tech-
nique has been used to understand the organization,
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function, and recovery of the motor cortex and the patho-
physiology of stroke, multiple sclerosis, and amyotrophic
lateral sclerosis. Although the degree of functional deficit
does not precisely correlate with the degree of electro-
physiologic change, one expects that refinements of this
technique will be useful in evaluating the status of the
corticospinal motor system as well as other cortically
based functions.

Endogenous Event-Related Evoked Potentials

Among the very late brain electrical potentials (>100-ms
latency), which can be extracted from background activ-
ity by computer methods, are a group that cannot be
classified as sensory or motor but rather as psychophysi-
cal responses to environmental stimuli. These responses
are of very low voltage, often fleeting and inconsistent,
and of unknown anatomic origin. The most studied
types occur approximately 300 ms (P300) after an atten-
tive subject identifies an unexpected or novel stimulus
that has been inserted into a regular train of stimuli.
Almost any stimulus modality can be used and the
potential occurs even when a stimulus has been omitted
from a regular pattern. The amplitude of the response
depends on the difficulty of the task and has an inverse
relationship to the frequency of the unexpected or “odd”
event; the latency depends on the task difficulty and
other features of testing. There is therefore no single
P300; instead, there are numerous types, depending on
the experimental paradigm. A prolongation of the
latency is found with aging and in dementia as well as
with degenerative diseases such as Parkinson disease,
progressive supranuclear palsy, and Huntington chorea.
The amplitude is reduced in schizophrenia and depres-
sion. The potential has been interpreted by some as a
reflection of the subject’s orienting behavior or attention
and by others, including Donchin, who discovered the
phenomenon, as related to an updating of the brain’s
representation of the environment. The P300 remains a
curiosity for the clinical neurologist because abnormali-
ties are detected only when large groups are compared to
normals, and the technique is hardly as standardized as
the conventional evoked potentials. A review of the sub-
ject can be found in sections by Altenmdiiller and Gerloff
and by Polich in the Niedermeyer and Lopes DaSilva
text on electroencephalography.

ELECTROMYOGRAPHY AND
NERVE CONDUCTION STUDIES

These are discussed in Chap. 45.

PSYCHOMETRY, PERIMETRY, AUDIOMETRY,
AND TESTS OF LABYRINTHINE FUNCTION

These methods are used in quantitating and defining the
nature of the special psychologic or sensory deficits pro-
duced by disease of the nervous system. They are per-

formed most often to obtain confirmation of a disorder of
function in particular parts of the nervous system or to
quantitate, by subsequent examinations, the progression
of the underlying illness. A description of these methods
and their clinical uses is found in the chapters dealing
with cerebral function (Chap. 22), developmental disor-
ders of the cerebrum (Chap. 28), dementia (Chap. 21), and
disorders of vision (Chap. 13) and of hearing and equilib-
rium (Chap. 15).

GENETIC TESTING

Numerous genetic markers of heredofamilial disease have
become available to the clinician and greatly advanced
both diagnosis and categorization of hitherto obscure
causes of disease. The main examples are analyses of
DNA extracted from blood or other cells for the identifica-
tion of mutations (e.g., muscular dystrophy, spinocerebel-
lar atrophies, and genetically determined polyneuropathies)
and the quantification of abnormally long repetitions of
certain trinucleotide sequences, most often used for the
diagnosis of Huntington chorea. A special field of mito-
chondrial genetics has allowed the detection of an entire
category of diseases that affect this subcellular structure,
as detailed in Chap. 37.

BIOPSY OF MUSCLE, NERVE,
SKIN, TEMPORAL ARTERY, BRAIN,
AND OTHER TISSUE

The application of light, phase, and electron microscopy
to the study of these tissues may be highly informative.
The findings are discussed in Chaps. 37 (skin and con-
junctivum in the diagnosis of storage diseases), 45 (mus-
cle), and 46 (nerve). Temporal artery biopsy is indicated
when giant cell arteritis is suspected. Brain biopsy, aside
from its main use in the direct sampling of a suspected
neoplasm, may be diagnostic in cases of granulomatous
angiitis, some forms of encephalitis, subacute spongiform
encephalopathy (biopsy now performed infrequently
because of the risk of transmitting the infectious agent),
and a number of other rare diseases. Biopsy of the pachy-
meninges or leptomeninges may disclose vasculitis, sar-
coidosis, other granulomatous infiltrations, or an obscure
infection, but its sensitivity is low. This is usually per-
formed in concert with a biopsy of the underlying brain.
Abdominal fat pad biopsy is used in the diagnosis of
amyloidosis.

An important advance in recent years has been the use
of CT- or MRI-guided stereotactic biopsy, which is particu-
larly valuable in tumor diagnosis and exposes the patient
to less risk than does a craniotomy and open biopsy. In
choosing to perform a biopsy in any of these clinical situa-
tions, the paramount issue is the likelihood of establishing
a definitive diagnosis—one that would permit successful
treatment or otherwise enhance the management of the
disease.
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The control of motor function, to which much of the human nervous system is largely com-
mitted, is accomplished through the integrated action of a vast array of segmental and
suprasegmental motor neurons. As originally conceived by Hughlings Jackson in 1858,
purely on the basis of clinical observations, the motor system is organized hierarchically in
three levels, each higher level controlling the one below. It was Jackson’s concept that the
spinal and brainstem neurons represent the lowest, simplest, and most closely organized
motor centers; that the motor neurons of the posterior frontal region represent a more com-
plex and less closely organized second motor center; and that the prefrontal parts of the
cerebrum are the third and highest motor center. This scheme is still regarded as being
essentially correct, although Jackson failed to recognize the importance of the parietal lobe
and basal ganglia in motor control.

Since Jackson’s time, physiologists have repeatedly analyzed these three levels of motor
organization and have found their relationships to be remarkably complex. Motor and sen-
sory systems, although separated for practical clinical purposes, are not independent enti-
ties but are closely integrated. Without sensory feedback, motor control is ineffective. And
at the higher cortical levels of motor control, motivation, planning, and other frontal lobe
activities that subserve volitional movement are always preceded and modulated by activity
in the parietal sensory cortex.

Motor activities include not only those that alter the position of a limb or other part of the
body (isotonic contraction) but also those that stabilize posture (isometric contraction).
Movements that are performed slowly are called ramp movements. Very rapid movements
are called ballistic (they are too fast for sensory control). Another way of classifying move-
ments, stressed by Hughlings Jackson, is in terms of their automaticity: reflex movements
are the most automatic, willed movements the least automatic. Physiologic studies, cast in
their simplest terms, indicate that the following parts of the nervous system are engaged
primarily in the control of movement and, in the course of disease, yield a number of char-
acteristic derangements.

1. The large motor neurons in the anterior horns of the spinal cord and the motor nuclei
of the brainstem. The axons of these nerve cells comprise the anterior spinal roots, the spi-
nal nerves, and the cranial nerves, and they innervate the skeletal muscles. These nerve
cells and their axons constitute the primary, or lower, motor neurons, complete lesions of
which result in a loss of all movement—voluntary, automatic, postural, and reflex. The lower
motor neurons are the final common path by which all neural impulses are transmitted to
muscle.

2. The motor neurons in the frontal cortex adjacent to the rolandic fissure connect with
the spinal motor neurons by a system of fibers known, because of the shape of its fascicu-
lus in the medulla, as the pyramidal tract. Because the motor fibers that extend from the
cerebral cortex to the spinal cord are not confined to the pyramidal tract, they are more
accurately designated as the corticospinal tract, or, alternatively, as the upper motor neu-
rons, to distinguish them from the lower motor neurons.




3. Several brainstem nuclei that project to the spinal cord, notably the pontine and med-
ullary reticular nuclei, vestibular nuclei, and red nuclei. These nuclei and their descending
fibers subserve the neural mechanisms of posture and movement, particularly when move-
ment is highly automatic and repetitive. Certain of these brainstem nuclei are influenced by
the motor or premotor regions of the cortex, e.g., via corticoreticulospinal relays.

4. Two subcortical systems, the basal ganglia (striatum, pallidum, and related structures,
including the substantia nigra and subthalamic nucleus) and the cerebellum. Each system
plays an important role in the control of muscle tone, posture, and coordination.

These are the subjects of the following chapters.



Motor Paralysis

Definitions

When applied to motor function, paralysis means loss of
voluntary movement because of interruption of one of the
motor pathways at any point from the cerebrum to the
muscle fiber. A lesser degree of paralysis is spoken of as
paresis. The word plegia comes from a Greek word mean-
ing “to strike,” and the word palsy from an old French
word that has the same meaning as paralysis. All these
words are used interchangeably, although generally one
uses paralysis or plegia for severe or complete loss of motor
function and paresis for partial loss.

THE LOWER MOTOR NEURON

Anatomic and Physiologic Considerations

Each spinal and cranial motor nerve cell, through the
extensive arborization of the terminal part of its efferent
fiber, comes into contact with only a few or up to 1,000 or
more muscle fibers; together, the nerve cell, its axons, and
the muscle fibers they subserve constitute the motor unit.
All variations in the force, range, rate, and type of move-
ment are determined by the number and size of motor
units called into action and the frequency and sequence of
firing of each motor unit. Feeble movements involve rela-
tively few small motor units; powerful movements recruit
many more units of increasing size.

Within a few days after interruption of a motor nerve,
the individual denervated muscle fibers begin to contract
spontaneously. This isolated activity of individual muscle
fibers is called fibrillation. Inability of the isolated fiber to
maintain a stable membrane potential is the likely expla-
nation. Fibrillation is so fine that it cannot be seen through
the intact skin, but it can be recorded as a small, repetitive,
short-duration potential in the electromyogram (EMG)
(Chap. 45). When a motor neuron becomes diseased, as in
progressive spinal muscular atrophy, it may manifest
increased irritability, i.e., the axon is unstable and capable
of ectopic impulse generation, and all the muscle fibers
that it controls may discharge sporadically, in isolation
from other units. The result of contraction of one or sev-
eral such motor units is a visible twitch, or fasciculation,
that appears in the EMG as a large spontaneous muscle
action potential. Simultaneous or sequential spontaneous

contractions of multiple motor units cause a rippling of
muscle, a condition known as myokymia. If the motor neu-
ron is destroyed, all the muscle fibers that it innervates
undergo profound atrophy—termed denervation atrophy.

The motor nerve fibers of each ventral root intermingle
with those of neighboring roots to form plexuses, and
although the muscles are innervated roughly according to
segments of the spinal cord, each large muscle comes to be
supplied by two or more roots. In contrast, a single periph-
eral nerve usually provides the complete motor innervation
of a muscle or group of muscles. For this reason, paralysis
caused by disease of the anterior horn cells or anterior roots
has a different pattern than paralysis following interruption
of a peripheral nerve. These patterns follow the distribution
shown in Table 46-1. For example, section of the L5 motor
root causes paralysis of the extensors of the foot and a foot
drop, whereas a lesion of the peroneal nerve does the same
but does not affect the invertors of the foot that are also
innervated by L5 but via the tibial nerve.

All motor activity, even the most elementary reflex type,
requires the synchronous activity of many muscles. Anal-
ysis of a relatively simple movement, such as clenching
the fist, conveys some idea of the complexity of the under-
lying neuromuscular arrangements. In this act the pri-
mary movement is a contraction of the flexor muscles of
the fingers, the flexor digitorum sublimis and profundus,
the flexor pollicis longus and brevis, and the abductor pol-
licis brevis. In the terminology of Beevor, these muscles
act as agonists, or prime movers. For flexion to be smooth
and forceful, the extensor muscles (antagonists) must
relax at the same rate as the flexors contract (reciprocal
innervation, or Sherrington’s law). The muscles that flex
the fingers also flex the wrist; because it is desired that
only the fingers flex, the extensors of the wrist must be
brought into play to prevent its flexion; they are synergists.
Lastly, during this action of the hand, appropriate flexor
and extensor muscles stabilize the wrist, elbow, and shoul-
der; muscles that accomplish this serve as fixators. The
coordination of agonists, antagonists, synergists, and fix-
ators is effected mainly by segmental spinal reflexes under
the guidance of proprioceptive sensory stimuli. In general,
the more delicate the movement, the more precise must be
the coordination between agonist and antagonist muscles.

All voluntary ballistic (phasic) movements to a target
are effected by the activation of ensembles of motor neu-
rons, large ones supplying large motor units and small
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ones, small motor units. The smaller ones are more effi-
ciently activated by sensory afferents from muscle spin-
dles, more tonically active, and more readily recruited in
reflex activities, postural maintenance, walking, and run-
ning. The large motor units participate mainly in phasic
movements, which are characterized by an initial burst of
activity in the agonist muscles, then a burst in the antago-
nists, followed by a third burst in the agonists. The
strength of the initial agonist burst determines the speed
and distance of the movement, but there is always the
same triphasic pattern of agonist, antagonist, and agonist
activity (Hallett et al). The basal ganglia and cerebellum
set the pattern and timing of the muscle action in any pro-
jected motor performance. These points are discussed fur-
ther in Chaps. 4 and 5.

Unlike the phasic movements just described, certain
basic motor activities do not involve reciprocal innervation.
In support of the body in an upright posture, when the legs
must act as rigid pillars, and in shivering, agonists and
antagonists contract simultaneously. Locomotion requires
that the extensor pattern of reflex standing be inhibited and
that the coordinated pattern of alternating stepping move-
ments be substituted; the latter is accomplished by multi-
segmental spinal and brainstem reflexes, the so-called
locomotor centers. Suprasegmental control of the axial and
proximal limb musculature (antigravity postural mecha-
nisms) is mediated primarily by the reticulospinal and ves-
tibulospinal tracts and manipulatory movements of the
distal extremity muscles, by the rubrospinal and corticospi-
nal tracts. These aspects of motor function are also elabo-
rated further on.

Muscle stretch (tendon) reflex activity and muscle tone
depend on the status of the large motor neurons of the
anterior horn (the alpha motor neurons), the muscle spin-
dles and their afferent fibers, and the small anterior horn
cells (gamma neurons), whose axons terminate on the small
intrafusal muscle fibers within the spindles. Each anterior
horn cell has on its surface membrane approximately
10,000 receptive synaptic terminals. Some of these termi-
nals are excitatory, others inhibitory; in combination, they
determine the activity of the neuron. Beta motor neurons
effect cocontraction of both spindle and nonspindle fibers,
but the physiologic significance of this innervation is not
fully understood. Some of the gamma neurons are toni-
cally active at rest, keeping the intrafusal (nuclear chain)
muscle fibers taut and sensitive to active and passive
changes in muscle length.

A tap on a tendon stretches or perhaps causes a vibration
of the spindle and activates its nuclear bag fibers. Afferent
projections from these fibers synapse directly with alpha
motor neurons in the same and adjacent spinal segments;
these neurons, in turn, send impulses to the skeletal muscle
fibers, resulting in the familiar monosynaptic muscle con-
traction or monophasic (myotatic) stretch reflex, commonly
referred to as the tendon reflex or “tendon jerk” (Fig. 3-1),
more correctly called the muscle stretch or proprioceptive
reflex. All this occurs within 25 ms of sudden stretch. The
alpha neurons of antagonist muscles are simultaneously
inhibited but through disynaptic rather than monosynaptic
connections. This is accomplished in part by inhibitory

interneurons (reciprocal inhibition), which also receive input
from descending pathways. Renshaw cells also participate
by providing negative feedback through inhibitory syn-
apses of alpha motor neurons (recurrent inhibition).

Thus the setting of the spindle fibers and the state of
excitability of the alpha and gamma neurons (influenced
greatly by descending fiber systems) determine the level
of activity of the tendon reflexes and muscle tone (the
responsiveness of muscle to stretch). Other mechanisms,
of an inhibitory nature, involve the Golgi tendon organs,
for which the stimulus is tension produced by active con-
traction of muscle. These encapsulated receptors, which
lie in the tendinous and aponeurotic insertions of muscle,
activate afferent fibers that end on internuncial cells,
which, in turn, project to alpha motor neurons, thus form-
ing a disynaptic reflex arc. Golgi tendon receptors are
silent in relaxed muscle and during passive stretch; they
serve, together with muscle spindles, to monitor or cali-
brate the length and force of muscle contraction under dif-
ferent conditions. They also play a role in naturally
occurring limb movements, particularly in locomotion.

The alpha neurons of the medial parts of the anterior
horn supply trunk or axial muscles, and neurons of the
lateral parts supply the appendicular muscles. The larg-
est neurons, in Rexed layer IX (see Fig. 8-1B), innervate
large muscles with large motor units. Smaller anterior
horn cells innervate small muscles and control more del-
icate movements, particularly those in the fingers and
hand. Both groups of alpha neurons receive projections
from neurons in the intermediate Rexed layers (V to
VIII) and from propriospinal neurons in the fasciculi
proprii of adjacent spinal segments (see Fig. 8-1B). All
the facilitatory and inhibitory influences supplied by
cutaneous and proprioceptive afferent and descending
suprasegmental neurons are coordinated at segmental
levels in such activities as phasic and tonic reflexes,
flexor withdrawal and crossed extensor reflexes, pos-
tural support, tonic neck and lumbar reflexes, and more
complex synergies such as rhythmic stepping (e.g., the
reflex stepping of neonates). For further details the
reader may consult Burke and Lance and also Davidoff
(1992).

There is considerable information concerning the phar-
macology of motor neurons. The large neurons of the
anterior horns of the spinal cord contain high concentra-
tions of choline acetyltransferase and use acetylcholine as
their transmitter at the neuromuscular junction. The main
neurotransmitters of the descending corticospinal tract, in
so far as can be determined in humans, are aspartate and
glutamate. Glycine is the neurotransmitter released by
Renshaw cells, which are responsible for recurrent inhibi-
tion, and by interneurons that mediate reciprocal inhibi-
tion during reflex action. Gamma-aminobutyric acid
(GABA) serves as the inhibitory neurotransmitter of inter-
neurons in the posterior horn. L-glutamate and L-aspartate
are released by primary afferent terminals and interneu-
rons and act specifically on excitatory amino acid recep-
tors. There are also descending cholinergic, adrenergic,
and dopaminergic axons, which play a less-well-defined
role in reflex functions.
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Figure 3-1. A. Patellar tendon reflex. Sensory fibers of the femoral nerve (spinal segments L2 and L3) mediate this myotatic reflex. The principal
receptors are the muscle spindles, which respond to brisk stretching of the muscle effected by tapping the patellar tendon. Afferent fibers from
muscle spindles are shown entering only the L3 spinal segment, while afferent fibers from the Golgi tendon organ are shown entering only the
L2 spinal segment. In this monosynaptic reflex, afferent fibers entering spinal segments L2 and L3 and efferent fibers issuing from the anterior
horn cells of these and lower levels complete the reflex arc. Motor fibers shown leaving the S2 spinal segment and passing to the hamstring
muscles demonstrate the disynaptic pathway by which inhibitory influences are exerted upon an antagonistic muscle group during the reflex.
B. The gamma loop is illustrated. Gamma efferent fibers (y) pass to the polar portions of the muscle spindle. Contractions of the intrafusal fibers
in the polar parts of the spindle stretch the nuclear bag region and thus cause an afferent impulse to be conducted centrally. The afferent fibers
from the spindle synapse with many alpha motor neurons. Because the alpha motor neurons innervate extrafusal muscle fibers, excitation of the
alpha motor neurons by spindle afferents causes a cocontraction of the muscle. In this way, both gamma and alpha fibers (o) can simultaneously
activate muscle contraction. Both alpha and gamma motor neurons are influenced by descending fiber systems from supraspinal levels.

(Adapted by permission from Carpenter MB, Sutin J: Human Neuroanatomy, 8th ed. Baltimore, Williams & Wilkins, 1983.)

Paralysis Due to Lesions of
the Lower Motor Neurons

If all, or practically all, peripheral motor fibers supplying
a muscle are interrupted, all voluntary, postural, and
reflex movements of that muscle are abolished. The mus-
cle becomes lax and soft and does not resist passive
stretching, a condition known as flaccidity. Muscle tone—
the slight resistance that normal relaxed muscle offers to
passive movement—is reduced (hypotonia or atonia). The
denervated muscle undergoes extreme atrophy, being
reduced to 20 or 30 percent of its original bulk within 3 to
4 months. The reaction of the muscle to sudden stretch, as
by tapping its tendon, is lost (areflexia). Damage restricted
to only a portion of the motor fibers supplying the muscle
results in partial paralysis, or paresis, and a proportionate
diminution in the force and speed of contraction. The atro-
phy will be less and the tendon reflex reduced instead of
lost. The electrodiagnosis of denervation depends upon
finding fibrillations, fasciculations, and other abnormali-
ties on needle electrode examination. However, some of
these abnormalities do not appear until several days or a
week or two after nerve injury (see Chap. 45).

Lower motor neuron paralysis is the direct result of loss
of function or destruction of anterior horn cells or their
axons in anterior roots and nerves. The signs and symp-
toms vary according to the location of the lesion. In any

individual case, the most important clinical question is
whether sensory changes coexist. The combination of a
flaccid, areflexic paralysis and sensory changes usually
indicates involvement of mixed motor and sensory nerves
or of both anterior and posterior roots. If sensory changes
are absent, the lesion must be situated in the anterior gray
matter of the spinal cord, in the anterior roots, in a purely
motor branch of a peripheral nerve, or in motor axons
alone (or in the muscle itself). At times it may be impossi-
ble to distinguish between nuclear (spinal) and anterior
root (radicular) lesions.

Preserved and often heightened tendon reflexes and
spasticity in muscles weakened by lesions of the cortico-
spinal systems attest to the integrity of the spinal seg-
ments below the level of the lesion. However, acute and
profound spinal cord lesions and, to a lesser extent, corti-
cospinal lesions in the brainstem and cerebrum may tem-
porarily abolish spinal myotatic reflexes (“spinal shock”;
see Chap. 44). This is caused by the interruption of
descending tonic excitatory impulses, which normally
maintain a sufficient level of excitation in spinal motor
neurons to permit the peripheral activation of segmental
reflexes. The attenuation of spinal shock by opiate antago-
nists, such as naloxone, suggests that the phenomenon is
at least in part mediated by the release of previously
stored endogenous opiates from the distal terminals of
neurons in the periaqueductal gray matter. Once the
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stored opiates are released, the presynaptic inhibition of
motor neurons ceases, heralding the end of spinal shock
and the beginning of the period of spasticity.

THE UPPER MOTOR NEURON

Anatomic and Physiologic Considerations

The terms pyramidal, corticospinal, and upper motor neuron
are often used interchangeably, although they are not alto-
gether synonymous. The pyramidal tract, strictly speak-
ing, designates only those fibers that course longitudinally
in the pyramid of the medulla oblongata. Of all the fiber
bundles in the brain, the pyramidal tract has been known
for the longest time, the first accurate description having
been given by Tiirck in 1851. It descends from the cerebral
cortex; traverses the subcortical white matter (corona radi-
ata), internal capsule, cerebral peduncle, basis pontis (ven-
tral pons), and pyramid of the upper medulla; decussates
in the lower medulla; and continues its caudal course in
the lateral funiculus (column) of the spinal cord—hence
the alternative name corticospinal tract. This is the only
direct long-fiber connection between the cerebral cortex
and the spinal cord (Fig. 3-2). The indirect pathways
through which the cortex influences spinal motor neurons
are the rubrospinal, reticulospinal, vestibulospinal, and
tectospinal; these tracts do not run in the pyramid. All of
these pathways, direct and indirect, are embraced by the
term upper motor neuron.

A major source of confusion about the pyramidal tract
stems from the traditional view, formulated at the turn of
the 20th century, that it originates entirely from the large
motor cells of Betz in the fifth layer of the precentral con-
volution (the primary motor cortex, or area 4 of Brod-
mann) (Figs. 3-3 and 22-1). However, there are only some
25,000 to 35,000 Betz cells, whereas the medullary pyra-
mid contains about 1 million axons (Lassek). Thus the
pyramidal tract contains many fibers that arise from corti-
cal neurons other than Betz cells, particularly in Brod-
mann areas 4 and 6 (the frontal cortex immediately rostral
to area 4, including the medial portion of the superior
frontal gyrus, i.e., the supplementary motor area); in the
primary somatosensory cortex (Brodmann areas 3, 1, and
2); and in the superior parietal lobule (areas 5 and 7). Data
concerning the origin of the pyramidal tract in humans are
scanty, but in the monkey, by counting the pyramidal
axons that remained after cortical excisions and long sur-
vival periods, Russell and DeMyer found that 40 percent
of the descending axons arose in the parietal lobe, 31 per-
cent in motor area 4, and the remaining 29 percent in pre-
motor area 6. Studies of retrograde transport of tracer
substance in the monkey have confirmed these findings.

Fibers from the motor and premotor cortices (Brodmann
areas 4 and 6, Fig. 22-1), supplementary motor cortex, and
portions of parietal cortex (areas 1, 3, 5, and 7) converge in
the corona radiata and descend through the posterior limb
of the internal capsule, basis pedunculi, basis pontis, and
medulla. As the corticospinal tracts descend in the cere-
brum and brainstem, they send collaterals to the striatum,
thalamus, red nucleus, cerebellum, and reticular forma-

tions. Accompanying the corticospinal tracts in the brain-
stem are the corticobulbar tracts, which are distributed to
motor nuclei of the cranial nerves ipsilaterally and con-
tralaterally (Fig. 3-2). It has been possible to trace the
direct projection of axons of cortical neurons to the trigem-
inal, facial, ambiguus, and hypoglossal nuclei (Iwatsubo
et al). No axons were seen to terminate directly in the ocu-
lomotor, trochlear, abducens, or vagal nuclei. Insofar as
the corticobulbar and corticospinal fibers have a similar
origin and the motor nuclei of the brainstem are the
homologues of the motor neurons of the spinal cord, the
term upper motor neurons may suitably be applied to both
these systems of fibers.

The corticospinal tracts decussate at the lower end of
the medulla, although some of their fibers may cross
above this level. The proportion of crossed and uncrossed
fibers varies to some extent from one person to another.
Most textbooks state that 75 to 80 percent of the fibers
cross and that the remaining fibers descend ipsilaterally,
mostly in the uncrossed ventral corticospinal tract. In
exceptional cases, these tracts cross completely; equally
rarely, they remain uncrossed. These variations are proba-
bly of functional significance in determining the amount
of neurologic deficit that results from a unilateral lesion
such as capsular infarction. A few well-studied cases are
found, such as the one described by Terakawa and col-
leagues, of acute stroke of the cerebral hemisphere causing
hemiplegia on the same side. Also, Yakovlev found 3
instances of completely uncrossed pyramids among 130
autopsies of mentally retarded neonates but considering
the maldevelopment of these brains, the finding is not sur-
prising (personal communication).

Beyond their decussation, the corticospinal pathways
descend as well-defined bundles in the anterior and pos-
terolateral columns of white matter (funiculi) of the spinal
cord (Fig. 3-2). The course of the noncorticospinal motor
pathways (vestibulospinal, reticulospinal, and descending
propriospinal) have been traced in humans by Nathan and
his colleagues. The lateral vestibulospinal tract lies at the
periphery of the cord, where it occupies the most anterolat-
eral portion of the anterior funiculus. The medial vestibu-
lospinal fibers mingle with those of the medial longitudinal
fasciculus. Reticulospinal fibers are less compact; they
descend bilaterally, and most of them come to lie just ante-
rior to the lateral corticospinal tract. The descending pro-
priospinal pathway consists of a series of short fibers (one
or two segments long) lying next to the gray matter.

The somatotopic organization of the corticospinal system
is of importance in clinical work, especially in relation to
certain stroke syndromes. As the descending axons sub-
serving limb and facial movements emerge from the corti-
cal motor strip, they maintain the anatomic specificity of
the overlying cortex; therefore a discrete cortical-subcorti-
cal lesion will result in a restricted weakness of the hand
and arm or the foot and leg. More caudally, the descend-
ing motor fibers converge and are collected in the poster-
ior limb of the internal capsule, so that even a small lesion
there may cause a “pure motor hemiplegia,” in which the
face, arm, hand, leg, and foot are affected to more or less
the same degree (Lacunar syndromes). The axons subserv-
ing facial movement are situated rostrally in the posterior
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Figure 3-2. Corticospinal and corticobulbar tracts. The various lines indicate the trajectories of these pathways, from their origin in particular

parts of the cerebral cortex to their nuclei of termination.

limb of the capsule, those for hand and arm in the central
portion, and those for the foot and leg caudally (see
Brodal).

This topographic distribution is more or less maintained
in the cerebral peduncle, where the corticospinal fibers
occupy approximately the middle of the peduncle, the
fibers destined to innervate the facial nuclei lying most

medially. More caudally, in the basis pontis (base, or ven-
tral part of the pons), the descending motor tracts separate
into bundles that are interspersed with masses of ponto-
cerebellar neurons and their cerebellipetal fibers. A degree
of somatotopic organization can be recognized here as
well, exemplified by selective weakness of the face and
hand with dysarthria, or of the leg, which may occur with
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Figure 3-3. Lateral (A) and medial (B) surfaces of the human cerebral
hemispheres, showing the areas of excitable cortex, i.e., areas, numbered
according to the scheme of Brodmann. (Reprinted with permission from
House EL, Pansky B: A Functional Approach to Neuroanatomy, 2nd ed.
New York, McGraw-Hill, 1967.) See also Fig. 22-1.

pontine lacunar infarctions. Anatomic studies in nonhu-
man primates indicate that arm-leg distribution of fibers
in the rostral pons is much the same as in the cerebral
peduncle; in the caudal pons this distinction is less-well
defined. In humans, a lack of systematic anatomic study
leaves the precise somatotopic organization of corticospi-
nal fibers in the pons less certain. However, a study con-
ducted by Marx and colleagues using sophisticated MRI
mapping techniques of patients with hemiplegia from
brainstem lesions suggests that the usual somatotopic
organization breaks down in the base of the pons, and
there is, instead, a concentration of fibers innervating
proximal muscles lying more dorsally and those exciting
distal parts of the limbs, more ventrally.

Another point of uncertainty has been the existence and
course of fibers that descend through the lower pons and
upper medulla and then ascend again to innervate the
facial motor nucleus on the opposite side. Such a connec-
tion must exist to explain occasional instances of facial
palsy from brainstem lesions caudal to the midpons. A
discussion of the various hypothesized sites of this path-
way, including a recurrent tract (Pick bundle), can be

found in the report by Terao and colleagues. They con-
clude from imaging studies that corticobulbar fibers des-
tined for the facial nucleus descend in the ventromedial
pons to the level of the upper medulla, where they decus-
sate and then ascend again; but there is considerable vari-
ability between individuals in this configuration.

The descending pontine bundles, now devoid of their
corticopontine fibers, reunite to form the medullary pyra-
mid. The brachial-crural pattern may persist in the pyra-
mids and is certainly reconstituted in the lateral columns
of the spinal cord (Fig. 8-3), but it should be emphasized
that the topographic separation of motor fibers at cervical,
thoracic, lumbar, and sacral levels is not as discrete as usu-
ally shown in schematic diagrams of the spinal cord.

The corticospinal tracts and other upper motor neurons
terminate mainly in relation to nerve cells in the interme-
diate zone of spinal gray matter (internuncial neurons),
from which motor impulses are then transmitted to the
anterior horn cells. Only 10 to 20 percent of corticospinal
fibers (presumably the thick, rapidly conducting axons
derived from Betz cells) establish direct synaptic connec-
tions with the large motor neurons of the anterior horns.

The Motor, Premotor, and Supplementary
Motor Cortex and the Cerebral
Control of Movement

The motor area of the cerebral cortex is defined physiologi-
cally as the region of electrically excitable cortex from
which isolated movements can be evoked by stimuli of
minimal intensity. The muscle groups of the contralateral
face, arm, trunk, and leg are represented in the primary
motor cortex (area 4 in Fig. 3-3), those of the face being in
the most inferior part of the precentral gyrus on the lateral
surface of the cerebral hemisphere and those of the leg in
the paracentral lobule on the medial surface of the cere-
bral hemisphere. The parts of the body capable of the most
delicate movements have, in general, the largest cortical
representation, as displayed in the motor homunculus
(“little man,” a term first suggested by Wilder Penfield)
shown in Fig. 3-4.

Area 6, the premotor area, is also electrically excitable but
requires more intense stimuli than area 4 to evoke move-
ments. Stimulation of its caudal aspect (area 6ac) pro-
duces responses that are similar to those elicited from area
4. These responses are probably effected by transmission
of impulses from all of area 6a to area 4 (as they cannot be
obtained after ablation of area 4). Stimulation of the rostral
premotor area (area 6af)) elicits more general movement
patterns, predominantly of proximal limb musculature.
The latter movements are effected via pathways other
than those derived from area 4 (hence, “extrapyramidal”).
Very strong stimuli elicit movements from a wide area of
premotor frontal and parietal cortex, and the same move-
ments may be obtained from several widely separated
points. From this it may be assumed, as Ash and Georgop-
oulus point out, that the premotor cortex includes several
anatomically distinct subregions with different afferent
and efferent connections. In general, it may be said that
the motor—premotor cortex is capable of synthesizing ago-
nist actions into an infinite variety of finely graded, highly



Motor homunculus

Figure 3-4. The representation of body parts in the
motor cortex, commonly called the motor homunculus.
The large area of cortex devoted to motor control of the
hand, lips, and face is evident. B in the smaller diagram
represents the motor cortex; A is the sensory cortex. Medial

differentiated patterns. These are directed by visual (area
7) and tactile (area 5) sensory information and supported
by appropriate postural mechanisms.

The supplementary motor area is the most anterior portion
of area 6 on the medial surface of the cerebral hemisphere
(6af in Fig. 3-3B). Stimulation of this area may induce
relatively gross ipsilateral or contralateral movements,
bilateral tonic contractions of the limbs, contraversive
movements of the head and eyes with tonic contraction of
the contralateral arm, and sometimes inhibition of volun-
tary motor activity and vocal arrest.

Precisely how the motor cortex controls movements is
still a controversial matter. The traditional view, based on
the interpretations of Hughlings Jackson and of Sher-
rington, is that the motor cortex is organized not in terms
of individual muscles but of movements, i.e., the coordi-
nated contraction of groups of muscles. Jackson visualized
a widely overlapping representation of muscle groups in
the cerebral cortex on the basis of his observation that a
patient could recover the use of a limb following destruc-
tion of the limb area as defined by cortical stimulation.
This view was supported by Sherrington’s observations
that stimulation of the cortical surface activated not soli-
tary muscles but a combination of muscles, and always in a
reciprocal fashion—i.e., in a manner that maintained the
expected relationship between agonists and antagonists.
He also noted the inconstancy of stimulatory effects; the
stimulation of a given cortical point that initiated flexion of
a part on one occasion might initiate extension on another.

These interpretations must be viewed with circumspec-
tion, as must all observations based on the electrical stim-
ulation of the surface of the cortex. It has been shown that
to stimulate motor cells from the surface, the electric cur-
rent has to penetrate the cortex to layer V, where these
neurons are located, inevitably activating a large number
of other cortical neurons. The elegant experiments of
Asanuma and of Evarts and his colleagues, who stimu-
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Lateral

lated the depths of the cortex with microelectrodes, dem-
onstrated the existence of discrete zones of efferent
neurons that control the contraction of individual mus-
cles; moreover, the continued stimulation of a given effer-
ent zone often facilitated rather than inhibited the
contraction of the antagonists. These investigators have
also shown that cells in the efferent zone receive afferent
impulses from the particular muscle to which the efferent
neurons project. When the effects of many stimulations at
various depths were correlated with the exact sites of each
penetration, cells that projected to a particular pool of spi-
nal motor neurons were found to be arranged in radially
aligned columns approximately 1 mm in diameter. The
columnar arrangement of cells in the sensorimotor cortex
had been appreciated for many years; the wealth of radial
interconnections between the cells in these columns led
Lorente de No6 to suggest that these “vertical chains” of
cells were the elementary functional units of the cortex.
This notion received strong support from Mountcastle’s
observations that all the neurons in a column receive
impulses of the same sensory modality, from the same
part of the body. It is still not entirely clear whether the
columns contribute to a movement as units or whether
individual cells within many columns are selectively acti-
vated. Both Henneman and Asanuma have summarized
the evidence for these disparate views.

Evarts and his colleagues also have elucidated the role
of cortical motor neurons in sensory evoked or planned
movement. Using single-cell recording techniques, they
showed that pyramidal cells fire about 60 ms prior to the
onset of a movement in a sequence determined by the
required pattern and force of the movement. But other,
more complex properties of the pyramidal cells were also
noted. Some of them received a somatosensory input
transcortically from the parietal lobe (areas 3, 1, and 2),
which could be turned on or off or gated according to
whether the movement was to be controlled, i.e., guided,
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by sensory input. Many neurons of the supplementary
and premotor cortices were activated before a planned
movement. Thus pyramidal (area 4) motor neurons were
prepared for the oncoming activation by impulses from
the parietal, prefrontal, premotor, and auditory and visual
areas of the cortex. This preparatory “set signal” could
occur in the absence of any activity in the spinal cord and
muscles. The source of the activation signal was found to
be mainly in the supplementary motor cortex, which
appears to be under the direct influence of the “readiness
stimuli” (Bereitschaft potential) reaching it from the pre-
frontal areas (for planned movements) and the posterior
parietal cortex (for motor activities initiated by sensory
perceptions). There are also fibers that reach the motor
area from the limbic system, presumably subserving moti-
vation and attention. Roland has used functional cerebral
blood flow measurements to follow these neural events.

Thus the prefrontal cortex, supplementary motor cortex,
premotor cortex, and motor cortex are all responsive to
various afferent stimuli and are involved in set discharges
prior to and in coordinated fashion with a complex move-
ment. And, as remarked later on, the striatopallidum and
cerebellum, which project to these cortical areas, are also
activated prior to or concurrently with the discharge of
corticospinal neurons (see Thach and Montgomery for a
critical review of the physiologic data).

Termination of the Corticospinal and
Other Descending Motor Tracts

This has been studied in the monkey by interrupting the
descending motor pathways in the medulla and more ros-
tral parts of the brainstem and tracing the distribution of
the degenerating elements in the spinal gray matter. On
the basis of such experiments and other physiologic data,
Lawrence and Kuypers proposed that the functional orga-
nization of the descending cortical and subcortical path-
ways is determined more by their patterns of termination
and the motor capacities of the internuncial neurons upon
which they terminate than by the location of their cells of
origin. Three groups of motor fibers were distinguished
according to their differential terminal distribution: (1) The
corticospinal and corticobulbar tracts, which project to all
levels of the spinal cord and brainstem, terminating dif-
fusely throughout the nucleus proprius of the dorsal horn
and the intermediate zone. A portion of these connect
directly with the large motor neurons that innervate the
muscles of the fingers, face, and tongue; this system pro-
vides the capacity for a high degree of fractionation of
movements, as exemplified by independent finger move-
ments. As alluded to above, a large fraction of the fibers in
the corticospinal originate from the sensory cortex and
appear to function in the modulation of movement by
afferent neurons. (2) A ventromedial pathway, which arises
in the tectum (tectospinal tract), vestibular nuclei (vestibu-
lospinal tract), and pontine and medullary reticular cells
(reticulospinal tract) and terminates principally on the
internuncial cells of the ventromedial part of the spinal
gray matter. This system is mainly concerned with axial
movements—the maintenance of posture, integrated
movements of body and limbs, and total limb movements.

(3) A lateral pathway, which is derived mainly from the
magnocellular part of the red nucleus and terminates in
the dorsal and lateral parts of the internuncial zone. This
pathway adds to the capacity for independent use of the
extremities, especially of the hands.

Reference has already been made to the corticomesen-
cephalic, corticopontine, and corticomedullary fiber sys-
tems that project onto the reticulospinal, vestibulospinal,
rubrospinal, and tectospinal nuclei. These control stability
of the head (via labyrinthine reflexes) and of the neck and
body in relation to the head (tonic neck reflexes) as well as
postures of the body in relation to limb movements.
Lesions in these systems are less well understood than
those of the corticospinal system. They cause no paralysis
of muscles but result in the liberation of unusual postures
(e.g., hemiplegic dystonia), heightened tonic neck and lab-
yrinthine reflexes, and decerebrate rigidity. In a strict
sense these are all “extrapyramidal,” as discussed in the
next two chapters.

Paralysis Caused by Lesions of
the Upper Motor Neurons

The corticospinal pathway may be interrupted by a lesion
at any point along its course—at the level of the cerebral
cortex, subcortical white matter, internal capsule, brain-
stem, or spinal cord. Usually, when hemiplegia is severe
and permanent as a consequence of disease, much more
than the long, direct corticospinal pathway is involved. In
the cerebral white matter (corona radiata) and internal
capsule, the corticospinal fibers are intermingled with cor-
ticostriate, corticothalamic, corticorubral, corticopontine,
cortico-olivary, and corticoreticular fibers. It is noteworthy
that thalamocortical fibers, which are a vital link in an
ascending fiber system from the basal ganglia and cerebel-
lum, also pass through the internal capsule and cerebral
white matter. Thus lesions in these parts simultaneously
affect both corticospinal and extrapyramidal systems.
Attribution of a capsular hemiplegia solely to a lesion of
the corticospinal or pyramidal pathway is therefore not
entirely correct. The term upper motor neuron paralysis,
which recognizes the involvement of several descending
fiber systems that influence and modify the lower motor
neuron, is more appropriate.

In primates, lesions limited to area 4 of Brodmann, the
motor cortex, cause mainly hypotonia and weakness of
the distal limb muscles. Lesions of the premotor cortex
(area 6) result in weakness, spasticity, and increased
stretch reflexes (Fulton). Lesions of the supplementary
motor cortex lead to involuntary grasping. Resection of
cortical areas 4 and 6 and subcortical white matter causes
complete and permanent paralysis and spasticity (Laplane
et al). These clinical effects have not been as clearly
defined in humans as in monkeys.

The one place where corticospinal fibers are entirely iso-
lated is the pyramidal tract in the medulla. In humans,
there are a few documented cases of a lesion more or less
confined to this location. The result of such lesions has
been an initial flaccid hemiplegia (with sparing of the
face), from which there is considerable recovery. Similarly
in monkeys—as shown by Tower in 1940 and subse-



quently by Lawrence and Kuypers and by Gilman and
Marco—interruption of both pyramidal tracts results in a
hypotonic paralysis; ultimately, these animals regain a
wide range of movements, although slowness of all move-
ments and loss of individual finger movements remain as
permanent deficits. Also, the cerebral peduncle has been
sectioned in patients in an effort to abolish involuntary
movements (Bucy et al); in some of these patients, a slight
degree of weakness or only a Babinski sign was produced
but no spasticity developed. These observations indicate
that a pure pyramidal tract lesion does not result in spas-
ticity. Furthermore, to reiterate a previous comment, con-
trol over a wide range of voluntary movements depends
at least in part on nonpyramidal motor pathways. Animal
experiments suggest that the corticoreticulospinal path-
ways are particularly important in this respect, because
their fibers are arranged somatotopically and are able to
influence stretch reflexes. Further studies of human dis-
ease are necessary to settle problems related to volitional
movement and spasticity. The motor organization of the
cat and even of the monkey is so different from that of
humans, and the range of volitional activity and motor
skills is so much less in animals, that direct comparisons
are not justified.

The distribution of the paralysis caused by upper motor
neuron lesions varies with the locale of the lesion, but cer-
tain features are characteristic of all of them. A group of
muscles is always involved, never individual muscles,
and if any movement is possible, the proper relationships
between agonists, antagonists, synergists, and fixators are
preserved. On careful inspection, the paralysis never
involves all the muscles on one side of the body, even in
the severest forms of hemiplegia. Movements that are
invariably bilateral—such as those of the eyes, jaw, phar-
ynx, upper face, larynx, neck, thorax, diaphragm, and
abdomen—are affected little or not at all. This comes
about because these muscles are bilaterally innervated;
i.e., stimulation of either the right or left motor cortex
results in contraction of these muscles on both sides of the
body. Upper motor neuron paralysis is rarely complete for
any long period of time; in this respect it differs from the
absolute paralysis that results from destruction of anterior
horn cells or interruption of their axons.

Upper motor neuron lesions are characterized further
by certain peculiarities of retained movement. There is
decreased voluntary drive on spinal motor neurons (fewer
motor units are recruitable and their firing rates are
slower), resulting in a slowness of movement. There is
also an increased degree of cocontraction of antagonistic
muscles, reflected in a decreased rate of rapid alternating
movements. These abnormalities probably account for the
greater sense of effort and the manifest fatigability in
effecting voluntary movement of the weakened muscles.
Another phenomenon is the activation of paralyzed mus-
cles as parts of certain automatisms (synkinesias). The
paralyzed arm may move suddenly during yawning and
stretching. Attempts by the patient to move the hemiple-
gic limbs may result in a variety of associated movements.
Thus, flexion of the arm may result in involuntary prona-
tion and flexion of the leg or in dorsiflexion and eversion
of the foot. Also, volitional movements of the paretic limb
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may evoke imitative (mirror) movements in the normal
one or vice versa. Mirror movements are also a feature of
Parkinson disease and of lesions in the upper cervical spi-
nal cord. In some patients, as they recover from hemiple-
gia, a variety of movement abnormalities emerge, such as
tremor, athetosis, and chorea on the affected side. These
are expressions of damage to basal ganglionic and tha-
lamic structures and are discussed in Chap. 4.

If the upper motor neurons are interrupted above the
level of the facial nucleus in the pons, hand and arm mus-
cles are affected most severely and the leg muscles to a
lesser extent; of the cranial musculature, only muscles of
the tongue and lower part of the face are involved to any
significant degree. Because Broadbent was the first to call
attention to this distribution of facial paralysis, it is some-
times referred to as “Broadbent’s law.” The precise course
taken by fibers that innervate the facial nucleus is still
somewhat uncertain, as described earlier (Pick bundle);
but it is clear that some descend to the upper medulla and
then ascend recurrently to the pons. This accounts for the
mild facial weakness that is seen with lesions of the lower
pons and upper medulla.

At lower levels, such as the cervical cord, complete
acute lesions of the upper motor neurons not only cause a
paralysis of voluntary movement but also abolish tempo-
rarily the spinal reflexes subserved by segments below the
lesion. This is the condition referred to above as spinal
shock, a state of acute flaccid paralysis that is replaced later
by spasticity. A comparable state of shock may occur with
acute cerebral lesions but is less sharply defined than is
the spinal state. With some acute cerebral lesions, spastic-
ity and paralysis develop together; in others, especially
with parietal lesions, the limbs remain flaccid but reflexes
are retained.

Spasticity, Hyperreflexia, and the Babinski Sign

A predilection for involvement of certain muscle groups, a
specific pattern of response of muscles to passive stretch
(where resistance increases linearly in relation to velocity
of stretch), and a manifest exaggeration of tendon reflexes
are the identifying characteristics of spasticity. The anti-
gravity muscles—the flexors of the arms and the extensors
of the legs—are predominantly affected. The arm tends to
assume a flexed and pronated position and the leg an
extended and adducted one, indicating that certain spinal
neurons are reflexly more active than others. At rest, with
the muscles shortened to midposition, they are flaccid to
palpation and electromyographically silent. If the arm is
extended or the leg flexed very slowly, there may be little
or no change in muscle tone. By contrast, if the muscles
are briskly stretched, the limb moves freely for a very
short distance (free interval), beyond which there is an
abrupt catch and then a rapidly increasing muscular resis-
tance up to a point; then, as passive extension of the arm
or flexion of the leg continues, the resistance melts away.
This sequence constitutes the classic “clasp-knife” phe-
nomenon. With the limb in the extended or flexed posi-
tion, a new passive movement may not encounter the
same sequence; this entire pattern of response constitutes
the lengthening and shortening reaction. Thus the essen-
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tial feature of spasticity is a velocity-dependent increase in
the resistance of muscles to a passive stretch stimulus.

Although a clasp-knife relaxation following peak resis-
tance is highly characteristic of cerebral hemiplegia, it is
by no means found consistently. In some cases, the arm
flexors and leg extensors are spastic, while the antagonist
muscles show an even resistance throughout the range of
passive movement—i.e., rigidity as discussed in Chap. 4.
It is notable that there is not a constant relationship
between spasticity and weakness. In some cases, severe
weakness may be associated with only the mildest signs of
spasticity, detectable as a “catch” in the pronators on pas-
sive supination of the forearm and in the flexors of the
hand on extension of the wrist. Contrariwise, the most
extreme degrees of spasticity, observed in certain patients
with cervical spinal cord disease, may so vastly exceed
paresis of voluntary movement as to indicate that these
two states depend on separate mechanisms. Indeed, the
selective blocking of small gamma neurons is said to abol-
ish spasticity as well as hyperactive segmental tendon
reflexes but to leave motor performance unchanged.

Until recently, it was taught that the heightened stretch
reflexes (tendon jerks) of the spastic state are “release”
phenomena—the result of interruption of descending
inhibitory pathways. This appears to be only a partial
explanation. Animal experiments have demonstrated
that this aspect of the spastic state is also mediated
through spindle afferents (increased tonic activity of
gamma motor neurons) and, centrally, through reticu-
lospinal and vestibulospinal pathways that act on alpha
motor neurons. The clasp-knife phenomenon appears to
derive at least partly from a lesion (or presumably a
change in central control) of a specific portion of the
reticulospinal system.

P. Brown, in a discussion of the pathophysiology of spas-
ticity, emphasized the importance of two systems of fibers:
(1) the dorsal reticulospinal tract, which has inhibitory
effects on stretch reflexes; and (2) the medial reticulospinal
and vestibulospinal tracts, which together facilitate exten-
sor tone. He postulates that in cerebral and capsular lesions,
cortical inhibition is weakened, resulting in spastic hemi-
plegia. In spinal cord lesions that involve the corticospinal
tract, the dorsal reticulospinal tract is usually involved as
well. If the latter tract is spared, only paresis, loss of support
reflexes, and possibly release of flexor reflexes (Babinski
phenomenon) occur. Pantano and colleagues suggested
that primary involvement of the lentiform nucleus and
thalamus is the feature that determines the persistence of
flaccidity after stroke, but the anatomic and physiologic
evidence for this view is insecure.

The most sensitive indication of an upper motor neuron
lesion is the sign described by Babinski in 1896. Numerous
monographs and articles have been written about the
sign: a quite comprehensive one, by van Gijn, and a classic
but more arcane one by Fulton and Keller. A movement
resembling the Babinski sign is present in normal infants,
but it disappears and its persistence or emergence in late
infancy and childhood or later in life is an invariable indi-
cator of a lesion at some level of the corticospinal tract. In
its essential form, the sign consists of extension of the
large toe and extension and fanning of the other toes dur-

ing and immediately after stroking the lateral plantar sur-
face of the foot. The stimulus is applied along the dorsum
of the foot from the lateral heel and sweeping upward and
across the ball of the foot. The stimulus must be firm but
not necessarily painful. Several dozen surrogate responses
(with numerous eponyms) have been described over the
years, most utilizing alternative sites and types of stimula-
tion, but all have the same significance as the classic Bab-
inski response.

Clinical and electrophysiologic observations indicate
that the extension movement of the toe is a component of
a larger synergistic flexion or shortening reflex of the leg—
ie., toe extension when viewed from a physiologic per-
spective is a flexor protective (nocifensive, or defensive,
Fulton’s terms) response.

These spinal flexion reflexes, of which the Babinski sign is
a part, are common accompaniments to—but not essential
components of—spasticity. They, too, are exaggerated
because of disinhibition or release of motor programs of
spinal origin. Important characteristics of these responses
are their capacity to be induced by weak superficial stim-
uli (such as a series of pinpricks) and their tendency to
persist after the stimulation ceases. In their most complete
form, a nocifensive flexor synergy occurs, involving flex-
ion of the knee and hip and dorsiflexion of the foot and
big toe (triple flexion response). With incomplete supraseg-
mental lesions, the response may be fractionated; for
example, the hip and knee may flex but the foot may not
dorsiflex, or vice versa. In the more chronic stages of
hemiplegia, the upper limb is characteristically held stiffly
in partial flexion.

The hyperreflexic state that characterizes spasticity may
take the form of clonus, a series of rhythmic involuntary
muscular contractions occurring at a frequency of 5 to 7
Hz in response to an abruptly applied and sustained
stretch stimulus. It is usually designated in terms of the
part of the limb to which the stimulus is applied (e.g.,
patella, ankle). The frequency is constant within 1 Hz and
is not appreciably modified by altering peripheral or cen-
tral nervous system activities. Clonus depends for its elici-
tation on an appropriate degree of muscle relaxation,
integrity of the spinal stretch reflex mechanisms, sus-
tained hyperexcitability of alpha and gamma motor neu-
rons (suprasegmental effects), and synchronization of the
contraction-relaxation cycle of muscle spindles. The cuta-
neomuscular abdominal and cremasteric reflexes are usu-
ally abolished in these circumstances, and a Babinski sign
is usually, but not invariably, present.

Spread, or irradiation of reflexes, is regularly associated
with spasticity, although the latter phenomenon may be
observed to a slight degree in normal persons with brisk
tendon reflexes. Tapping of the radial periosteum, for
example, may elicit a reflex contraction not only of the
brachioradialis but also of the biceps, triceps, or finger
flexors. This spread of reflex activity is probably not the
result of an irradiation of impulses in the spinal cord, as is
often taught, but a result of the propagation of a vibration
wave from bone to muscle, stimulating the excitable mus-
cle spindles in its path (Lance). The same mechanism is
probably operative in other manifestations of the hyperre-
flexic state, such as the Hoffmann sign and the crossed



adductor reflex of the thigh muscles. Also, reflexes may be
“inverted,” as in the case of a lesion of the fifth or sixth
cervical segment; here the biceps and brachioradialis
reflexes are abolished and only the triceps and finger flex-
ors, whose reflex arcs are intact, respond to a tap over the
distal radius.

With bilateral cerebral lesions, exaggerated stretch
reflexes can be elicited in cranial as well as limb and trunk
muscles because of interruption of the corticobulbar path-
ways. These are seen as easily triggered masseter contrac-
tions in response to a brisk downward tap on the chin (jaw
jerk) and brisk contractions of the orbicularis oris muscles
in response to tapping the philtrum or corners of the
mouth. In advanced cases, weakness or paralysis of vol-
untary movements of the face, tongue, larynx, and phar-
ynx are added (bulbar spasticity or “pseudobulbar” palsy;
see also Chap. 25).

The many investigations of the biochemical changes that
underlie spasticity and the mechanisms of action of anti-
spasticity drugs have been reviewed by Davidoff. Because
glutamic acid is the neurotransmitter of the corticospinal
tracts, one would expect its action on inhibitory interneu-
rons to be lost. As mentioned earlier, GABA and glycine are
the major inhibitory transmitters in the spinal cord; GABA
functions as a presynaptic inhibitor, suppressing sensory
signals from muscle and cutaneous receptors. Baclofen, a
derivative of GABA, as well as diazepam and progabide,
are thought to act by reducing the release of excitatory
transmitters from the presynaptic terminals of primary
afferent terminals. Actually, none of these agents is entirely
satisfactory in the treatment of spasticity when adminis-
tered orally; the administration of baclofen intrathecally
may have a more beneficial effect. Glycine is the transmitter
released by inhibitory interneurons and is measurably
reduced in quantity, uptake, and turnover in the spastic ani-
mal. There is some evidence that the oral administration of
glycine reduces experimentally induced spasticity, but its
value in patients is uncertain. Interruption of descending
noradrenergic, dopaminergic, and serotonergic fibers is
undoubtedly involved in the genesis of spasticity, although
the exact mode of action of these neurotransmitters on the
various components of spinal reflex arcs remains to be
defined.

Table 3-1 summarizes the main attributes of upper
motor neuron lesions and contrasts them with those of the
lower motor neuron discussed above.

Motor Disturbances Caused by
Lesions of the Parietal Lobe

As indicated earlier in this section, a significant portion of
the pyramidal tract originates in neurons of the parietal cor-
tex. Also, the parietal lobes are important sources of visual
and tactile information necessary for the control of move-
ment. Pause and colleagues have described the motor dis-
turbances caused by lesions of the parietal cortex. The
patient is unable to maintain stable postures of the out-
stretched hand when his eyes are closed and cannot exert a
steady contraction. Exploratory movements and manipula-
tion of small objects are impaired, and the speed of tapping
is diminished. Posterior parietal lesions (involving areas 5
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Table 3-1

DIFFERENCES BETWEEN UPPER AND LOWER
MOTOR NEURON PARALYSIS

LOWER MOTOR NEURON OR
NUCLEAR-INFRANUCLEAR
PARALYSIS

UPPER MOTOR NEURON OR
SUPRANUCLEAR PARALYSIS

Muscles affected in groups; Individual muscles may be

never individual muscles affected
Atrophy slight and the result Atrophy pronounced; up to 70%
of disuse of total bulk

Spasticity with hyperactivity
of the tendon reflexes and
extensor plantar reflex
(Babinski sign)

Fasciculations absent

Normal nerve conduction
studies; no denervation
potentials in EMG

Flaccidity and hypotonia of
affected muscles with loss of
tendon reflexes

Plantar reflex, if present, is of
normal flexor type

Fasciculations may be present

Abnormal nerve conduction
studies; denervation
potentials (fibrillations,
fasciculations, positive
sharp waves) in EMG

and 7 in Fig. 3-3) are more detrimental in this respect than
anterior ones (areas 1, 3, and 5), but both regions are
affected in patients with the most severe deficits.

APRAXIA AND OTHER NONPARALYTIC
DISORDERS OF MOTOR FUNCTION

All that has been said about the cortical and spinal control
of the motor system gives one only a limited idea of human
motility. Viewed objectively, the conscious and sentient
human organism is continuously active—fidgeting, adjust-
ing posture and position, sitting, standing, walking, run-
ning, speaking, manipulating tools, or performing the
intricate sequences of movements involved in athletic or
musical skills. Some of these activities are relatively simple,
automatic, and stereotyped. Others have been learned and
mastered through intense conscious effort and with long
practice have become habitual—i.e., reduced to an auto-
matic level—a process not at all understood physiologi-
cally. Still others are complex and voluntary, parts of a
carefully formulated plan, and demand continuous atten-
tion and thought. What is more remarkable, one can be
occupied in several of these variably conscious and habit-
ual activities simultaneously, such as driving through
heavy traffic while dialing a cellular phone (not endorsed)
and engaging in animated conversation. Moreover, when
an obstacle prevents a particular sequence of movements
from accomplishing its goal, a new sequence can be under-
taken automatically for the same purpose. As stated above,
these activities, in the scheme of Hughlings Jackson, repre-
sent the third and highest level of motor function.

How is all this possible? Neuropsychologists, on the basis
of studies of large numbers of patients with lesions of dif-
ferent parts of the cerebrum, believe that the planning of
complex activities, conceptualizing their final purpose, and
continuously modifying the individual components of a
motor sequence until the goal is achieved are initiated and
directed by the frontal lobes. Lesions of the frontal lobes
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have the effect of reducing the impulse to think, speak, and
act (i.e., abulia, or reduced “cortical tone,” to use Luria’s
expression), and a complex activity will not be initiated or
sustained long enough to permit its completion.

The term apraxia is defined as a state in which an atten-
tive patient loses the ability to execute previously learned
activities in the absence of weakness, ataxia, sensory loss,
or extrapyramidal derangement that would be adequate
to explain the deficit. All of the elements of the activity
may be demonstrated in circumstances other than in
response to the command to execute the activity or ges-
ture. This was the meaning given to apraxia by Liepmann,
who introduced the term in 1900. Apraxia has been
divided into three types: ideational, ideomotor, and
kinetic, as described below.

The apraxias are described in greater detail in Chap. 23
but a brief account is provided here because of their inti-
mate involvement with motor activity. Any explanation of
apraxia requires an appreciation of the interplay between
modular cortical areas that create highly complex motor
behaviors. Many of their functions are imputed but are
nonetheless confirmed by clinical experience with damage
of these cerebral regions. Anatomic and functional imag-
ing data indicate that planned or commanded action is
normally developed not in the frontal lobe, where the
impulse to action arises, but in the parietal lobe of the lan-
guage-dominant hemisphere, where visual, auditory, and
somesthetic information is integrated. Presumably the for-
mation of ensembles of skilled movements, which Liep-
mann called a “space-time plan,” depends on the integrity
of the dominant parietal lobe; if this part of the brain is
damaged, the patterns cannot be activated at all or the
movements are awkward and inappropriate.

The failure to conceive or formulate an action, either
spontaneously or to command was referred to by Liep-
mann as ideational apraxia. Sensory areas 5 and 7 in the
dominant parietal lobe, the supplementary and premotor
cortices of both cerebral hemispheres and their integral
connections are involved as an ensemble to accomplish
these actions. In ideomotor apraxia, the patient may know
and remember the planned action, but because these areas
or their connections are interrupted, he cannot actually
execute it with either hand. Certain tasks are said to differ-
entiate ideomotor from ideational apraxia, as discussed
further on, but the distinction may be quite subtle. None-
theless, ideational apraxia has been said to be character-
ized by difficulty in “what to do,” whereas ideomotor
apraxia is a block in “how to do” as a result of an inability
to transmit the gesture to executive motor centers.

A third disorder, limb-kinetic apraxia (also called kinetic
limb apraxia), is an ill-defined clumsiness and maladroit-
ness that is the result of an inability to connect or isolate
individual movements of the hand and arm as described
by Kleist. In the originally conceived form, a hand dis-
plays awkwardness that is disproportionate to weakness
or sensory loss, yet gestures and complex movements can
be accomplished, unlike the case in ideomotor apraxia.
The term has also been applied to cases of paralysis that
obscure the apraxia on one side but cause a breakdown of
fine fractionated finger movements on the opposite side,
but we have infrequently detected this phenomenon in

clinical work and it seems to us to be more in the way of
the “sympathetic apraxia” discussed below. The nature of
limb kinetic apraxia and its differentiation from a mild
corticospinal disorder has been elusive enough that many
neurologists do not view it as a true apraxia. In a right-
handed person there is a type of left-limb apraxia from a
lesion in the left frontal lobe that includes the Broca area,
the left motor cortex, and the deep underlying white mat-
ter. Clinically, there is a nonfluent aphasia, a right hemipa-
resis, and a type of apraxia of the nonparalyzed hand,
which has been termed sympathetic apraxia. If the lesion in
the deep white matter separates the language areas from
the right motor cortex but not from the left, the patient can
write with the right hand but not with the left, or he may
write correctly with the right hand and aphasically with
the left. Perhaps surprisingly, there are but a few cases of
apraxia of any type with proven prefrontal lesions.

These high-order abnormalities of learned movement
patterns have several unique features. Seldom are they
evident to the patient himself, and therefore they are not
sources of complaint, even if they disrupt daily activities
such as dressing. Or, if the patient appreciates them, he
has difficulty describing the problem except in narrow
terms of the activity that is impaired, such as using a
phone or dressing. For this reason they are also often over-
looked by the examining physician. Their evocation
requires special types of testing that may be difficult
because of the presence of other neurologic deficits. Obvi-
ously, if the patient is confused or aphasic, spoken or writ-
ten requests to perform an act will not be understood and
one must find ways of persuading him to imitate the
movements of the examiner. Moreover, the patient must
be able to recognize and name the articles that he attempts
to manipulate; i.e., there must not be an agnosia.

In practical terms, the lesion responsible for ideomotor
apraxia, which affects both hands, usually resides in the
left parietal region. Kertesz and colleagues provided evi-
dence that the lesions responsible for aphasia and apraxia
are different, although the two conditions are frequently
associated because of their origin in the left hemisphere.
The exact location of the parietal lesion, whether in the
supramarginal gyrus or in the superior parietal lobe (areas
5 and 7) and whether subcortical or cortical, has been vari-
able. Although the majority of ideational and ideomotor
apraxias occur with lesions in the left cerebral hemisphere,
the right hemisphere retains some of these capacities. A
small number of apractic patients have right hemisphere
damage. This also explains the preservation of most praxis
skills in the left hand following callosal lesions.

Geschwind accepted Liepmann’s proposition that a
lesion of a subcortical tract (presumably the arcuate fascic-
ulus) disconnects the parietal from the left frontal cortex,
accounting for the ideomotor apraxia of the right limbs,
and that the apraxia in the left limb is the consequence of a
functional disconnection of the left and right premotor
association cortices. These conceptualizations, while pos-
sibly valid, are of more theoretic than practical signifi-
cance and depend heavily on the disconnection model;
there is not an actual disconnection of the two frontal
lobes as much as there is a putative failure of the left to
active the right frontal lobe because the former is not acti-



vated by the damaged parietal lobe or by a deep lesion. It
is the dominant parietal lobe that still embodies the prop-
erty of praxis.

Of a somewhat different nature is an oral-buccal-lingual
apraxia, which is probably the most common of all aprax-
ias in practice. It may occur with lesions that undercut the
left supramarginal gyrus or the left motor association cor-
tex and may or may not be associated with the apraxia of
the limbs described above. Such patients are unable to
carry out facial movements on command (lick the lips,
blow out a match, etc.), although they may do better when
asked to imitate the examiner or when holding a lighted
match. With lesions that are restricted to the facial area of
the left motor cortex, the apraxia will be limited to the
facial musculature and may be associated with a verbal
apraxia or cortical dysarthria (Broca’s aphasia).

So-called apraxia of gait is considered in Chap. 7, but,
strictly speaking, this not an apraxia as walking is not a
learned act. The terms dressing apraxia and constructional
apraxia are used to describe special manifestations of non-
dominant parietal lobe disease, in contrast to the above-
described forms of apraxia that result from lesions on the
dominant side. Although dressing apraxia in many ways
resembles an ideomotor apraxia, it probably has a basis in
a form of sensory extinction and a loss of appreciation of
extrapersonal space. These issues are discussed further in
Chap. 23.

Testing for apraxia is carried out in several ways. First,
one observes the actions of the patient as he engages in
such tasks as dressing, washing, shaving, and using eating
utensils. Second, the patient is asked to carry out familiar
symbolic acts—wave goodbye, salute the flag, shake a fist
as though angry, or blow a kiss. If he fails, he is asked to
imitate such acts made by the examiner. Finally, he is
asked to show how he would hammer a nail, brush his
teeth, take a comb out of his pocket and comb his hair, or
to execute a more complex act, such as lighting and smok-
ing a cigarette or opening a bottle of soda, pouring some
into a glass, and drinking it. These last actions, involving
more complex sequences, are said to be tests of ideational
apraxia; the simpler and familiar acts are considered tests
of ideomotor apraxia. To perform these tasks in the
absence of the tool or utensil is always more demanding
because the patient must mentally formulate a plan of
action rather than engage in a habitual motor sequence.
The patient may fail to carry out a commanded or sug-
gested activity (e.g., to take a pen out of his pocket), yet a
few minutes later he may perform the same motor
sequence automatically. One may think of such an ideo-
motor deficit, if it can be singled out from confusion or a
defect in comprehension, as a kind of amnesia for certain
learned patterns of movement, analogous to the amnesia
for words in aphasia.

Children with cerebral diseases that retard mental
development are often unable to learn the sequences of
movement required in hopping, jumping over a barrier,
hitting or kicking a ball, or dancing. They suffer a devel-
opmental motor apraxia. Certain tests quantitate failure in
these age-linked motor skills (see Chap. 28).

In the authors’ opinion, the time-honored division of
apraxia into ideational, ideomotor (ideokinetic), and kinetic
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types is not entirely satisfactory because of the difficulty
separating them in practice. It is more helpful to think of
the apraxias in an anatomic sense, as disorders of associa-
tion between different parts of the cerebral cortex, as
described above. We have been unable to confidently sepa-
rate ideomotor from ideational apraxia. The patient with a
severe ideomotor apraxia nearly always has difficulty at the
ideational level and, in any case, similarly situated left pari-
etal lesions give rise to both types. Furthermore, in view of
the complexity of the motor system, we are frequently
uncertain whether the clumsiness or ineptitude of a hand in
performing a motor skill represents a kinetic apraxia or
some other subtle fault in hand control by the corticospinal
or one of the other parallel motor systems.

A related but poorly understood disorder of movement
has been termed the alien hand. In the absence of volition,
the hand and arm undertake complex and seemingly pur-
poseful movements such as reaching into a pocket or
handbag, placing the hand behind the head, tugging on
the opposite hand or other body part, and rebuttoning the
shirt immediately after it has been unbuttoned by the
other hand. These activities may occur even during sleep.
The patient is aware of the movements but has the sense
that the actions are beyond his control, and there is often
an impression that the hand is estranged, as if com-
manded by an external agent (although the limb is recog-
nized as one’s own—there is no anosognosia); a grasp
reflex and a tendency to grope are usually added. Most
instances arise as a result of infarction in the territory of
the opposite anterior cerebral artery, including the corpus
callosum. When the callosum is involved, Feinberg and
colleagues find that there frequently appears to be a con-
flict between the actions of the hands, the normal one
sometimes even restraining the alien one. Damage in the
left supplementary motor area from any cause, as well as
from the degenerative disease called corticobasal gangli-
onic degeneration (corticobasal-ganglionic syndromes), is
associated with a similar alien hand syndrome. A form
that results from a stroke in the posterior cerebral artery
territory with associated sensory loss has also been
observed by Ay and colleagues.

A possibly related phenomenon has been described by
Lhermitte as “utilization behavior,” in which the patient
obligatorily seizes and uses objects in the surrounding
environment. It is associated with extensive bilateral fron-
tal lobe damage and has been likened, unsatisfactorily in
our view, to a bilateral alien hand phenomenon.

Finally, it should be remarked again that the complexity of
motor activity is almost beyond imagination. Reference was
made earlier to the reciprocal innervation involved in an act
as simple as making a fist. Scratching one’s shoulder has
been estimated to recruit about 75 muscles. But what must
be involved in playing a piano concerto? Over a century ago
Hughlings Jackson commented that “There are, we shall say,
over thirty muscles in the hand; these are represented in the
nervous centers in thousands of different combinations, that
is, as very many movements; it is just as many chords, musi-
cal expressions, and tunes can be made out of a few notes.”
The execution of these complex movements, many of them
learned and habitual, is made possible by the cooperative
activities of not just the motor and sensory cortices but inte-
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grally of the basal ganglia, cerebellum, and reticular forma-
tion of the brainstem. All are continuously integrated and
controlled by feedback mechanisms from the sensory and
spinal motor neurons. Even the spinal stretch reflex has con-
nections with the motor cortex. These points, already
touched upon in this chapter, are elaborated in the following
three chapters.

A historical perspective that outlines the development
of these concepts is given by Faglioni and Basso and an
authoritative review of the subject of apraxia can be found
in the chapter by Heilman and Gonzalez-Rothi.

PATTERNS OF PARALYSIS
AND THEIR DIAGNOSIS

The diagnostic considerations in cases of paralysis can be
simplified by using the following subdivision, based on
the location and distribution of the muscle weakness:

1. Monoplegia refers to weakness or paralysis of all the
muscles of one leg or arm. This term should not be
applied to paralysis of isolated muscles or groups of
muscles supplied by a single nerve or motor root.

2. Hemiplegia, the commonest form of paralysis, involves
the arm, the leg, and sometimes the face on one side
of the body. With rare exceptions, mentioned further
on, hemiplegia is attributable to a lesion of the corti-
cospinal system on the side opposite to the paralysis.

3. Paraplegia indicates weakness or paralysis of both
legs. It is most often the result of diseases of the tho-
racic spinal cord, cauda equina, or peripheral nerves,
and, rarely, both medial frontal cortices.

4. Quadriplegin (tetraplegia) denotes weakness or paraly-
sis of all four extremities. It may result from disease of
the peripheral nerves, muscles, or myoneural junc-
tions; gray matter of the spinal cord; or the upper
motor neurons bilaterally in the cervical cord, brain-
stem, or cerebrum. Diplegia is a special form of quad-
riplegia in which the legs are affected more than the
arms. Triplegia occurs most often as a transitional con-
dition in the development of or partial recovery from
tetraplegia.

. Isolated paralysis of one or more muscle groups.

. Nonparalytic disorders of movement (e.g., apraxia,
ataxia).

. Diseases of muscle neurons, roots, or nerves.

8. Hysterical paralysis.
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Monoplegia

The examination of patients who complain of weakness of
one limb often discloses an asymptomatic weakness of
another, and the condition is actually a hemiparesis or
paraparesis. Or, instead of weakness of all the muscles in a
limb, only isolated groups are found to be affected. Ataxia,
sensory disturbances, or reluctance to move the limb
because of pain must not be misinterpreted as weakness.
Parkinsonism may give rise to the same error, as can rigid-
ity or bradykinesia of other causation or a mechanical lim-
itation because of arthritis and bursitis. The presence or

absence of atrophy of muscles in a monoplegic limb is of
particular diagnostic help, as indicated below.

Monoplegia without Muscular Atrophy

This is most often caused by a lesion of the cerebral cortex.
Only infrequently does it result from a subcortical lesion
that interrupts the motor pathways. A cerebral vascular
lesion (thrombotic or embolic infarction) is the most com-
mon cause; a circumscribed tumor or abscess may have
the same effect. A small cortical lesion may paralyze half
the hand or even just the thumb. Multiple sclerosis and
spinal cord tumor, early in their course, may cause weak-
ness of one limb, usually the leg. Monoplegia caused by a
lesion of the upper motor neuron is usually accompanied
by spasticity, increased reflexes, and an extensor plantar
reflex (Babinski sign); exceptionally, a small lesion of the
motor cortex will not result in spasticity. In either event,
nerve conduction studies are normal. In acute diseases of
the lower motor neurons, the tendon reflexes are reduced
or abolished, but atrophy may not appear for several
weeks. Hence, before reaching an anatomic diagnosis, one
must take into account the mode of onset and duration of
the disease.

Monoplegia with Muscular Atrophy

This is more frequent than monoplegia without muscular
atrophy. Long-continued disuse of one limb may lead to
atrophy, but it is usually of lesser degree than atrophy
caused by lower motor neuron disease (denervation atro-
phy). In disuse atrophy, the tendon reflexes are retained
and nerve conduction studies are normal. With denerva-
tion of muscles, there may be visible fasciculations and
reduced or abolished tendon reflexes in addition to paral-
ysis. If the limb is partially denervated, the EMG shows
reduced numbers of motor unit potentials (often of large
size) as well as fasciculations and fibrillations. The loca-
tion of the lesion (in nerves, spinal roots, or spinal cord)
can usually be determined by the pattern of weakness, by
the associated neurologic symptoms and signs, and by
special tests—MRI of the spine, examination of the cere-
brospinal fluid (CSF), and electrical studies of nerve and
muscle.

A complete atrophic brachial monoplegia is uncommon;
more often, only parts of a limb are affected. When
present in an infant, it should suggest brachial plexus
trauma from birth; in a child, poliomyelitis or other viral
infection of the spinal cord; and in an adult, poliomyelitis,
syringomyelia, amyotrophic lateral sclerosis, or a brachial
plexus lesion. Crural (leg) monoplegia is more frequent
than brachial monoplegia and may be caused by any
lesion of the thoracic or lumbar cord—i.e., trauma, tumor,
myelitis, multiple sclerosis, progressive muscular atro-
phy, late radiation effect, etc. These disorders rarely cause
severe atrophy; neither does infarction in the territory of
the anterior cerebral artery. A prolapsed intervertebral
disc and the several varieties of mononeuropathy almost
never paralyze all or most of the muscles of a limb. The
effects of a centrally prolapsed disc or other compressive
lesion of the cauda equina are rarely confined to one leg.
However, a unilateral retroperitoneal tumor or hematoma



may paralyze the leg by compressing the lumbosacral
plexus. The mode of onset and temporal course differen-
tiate these diseases.

Hemiplegia

This is the most frequent form of paralysis. With rare
exceptions (a few unusual cases of poliomyelitis or motor
system disease), this pattern of paralysis is a result of
involvement of the corticospinal pathways.

The site or level of the lesion—i.e., cerebral cortex,
corona radiata, capsule, brainstem, or spinal cord—can
usually be deduced from the associated neurologic find-
ings. Diseases localized to the cerebral cortex, cerebral
white matter (corona radiata), and internal capsule usu-
ally manifest themselves by weakness or paralysis of the
leg, arm, and lower face on the opposite side. The occur-
rence of seizures or the presence of a language disorder
(aphasia), a loss of discriminative sensation (e.g., astereog-
nosis, impairment of tactile localization), anosognosia, or
a homonymous visual field defect suggests a contralateral
cortical or subcortical location.

Damage to the corticospinal and corticobulbar tracts in
the upper portion of the brainstem also causes paralysis of
the face, arm, and leg of the opposite side (see Fig. 3-2).
The lesion in such cases may in some patients be localized
by the presence of a third nerve palsy (Weber syndrome)
or other segmental abnormality on the same side as the
lesion (opposite the hemiplegia). With low pontine
lesions, an ipsilateral abducens or facial palsy is combined
with a contralateral weakness or paralysis of the arm and
leg (Millard-Gubler syndrome). Lesions in the medulla
affect the tongue and sometimes the pharynx and larynx
on one side and the arm and leg on the other. These
“crossed paralyses,” so characteristic of brainstem lesions,
are described further in Chap. 34.

Even lower in the medulla, a unilateral infarct in the
pyramid causes a flaccid paralysis followed by slight spas-
ticity of the contralateral arm and leg, with sparing of the
face and tongue. Some motor function may be retained, as
in the case described by Ropper and colleagues; interest-
ingly, in this case and in others previously reported, there
was considerable recovery of voluntary power even
though the pyramid was almost completely destroyed.

Rarely, an ipsilateral hemiplegia may be caused by a
lesion in the lateral column of the cervical spinal cord. In
this location, however, the pathologic process more often
induces bilateral signs, with resulting quadriparesis or
quadriplegia. A homolateral paralysis that spares the face,
if combined with a loss of vibratory and position sense on
the same side and a contralateral loss of pain and temper-
ature, signifies disease of one side of the spinal cord
(Brown-Séquard syndrome, as discussed in Chap. 44).

As indicated above, muscle atrophy that follows upper
motor neuron lesions never reaches the proportions seen
in diseases of the lower motor neuron. The atrophy in the
former cases is a consequence of disuse. When the motor
cortex and adjacent parts of the parietal lobe are damaged
in infancy or childhood, normal development of the mus-
cles, as well as the skeletal system in the affected limbs, is
retarded. The limbs and even the trunk are smaller on one
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side than on the other. This does not happen if the paraly-
sis occurs after puberty, by which time the greater part of
skeletal growth has been attained. In hemiplegia caused
by spinal cord lesions, muscles at the level of the lesion
may atrophy as a result of damage to anterior horn cells or
ventral roots.

In the causation of hemiplegia, ischemic and hemor-
rhagic vascular diseases of the cerebrum and brainstem
exceed all others in frequency. Trauma (brain contusion,
epidural and subdural hemorrhage) ranks second. Other
important causes, less acute in onset, are, in order of fre-
quency, brain tumor, brain abscess, demyelinating dis-
eases, and the vascular complications of meningitis and
encephalitis. Most of these diseases can be recognized by
their mode of evolution and characteristic clinical and lab-
oratory findings, which are presented in the chapters on
neurologic diseases. Alternating transitory hemiparesis
may be the result of a special type of migraine (see discus-
sion in Chap. 10). From time to time, hysteria is found to
be the cause of a hemiplegia, as discussed further on.

Paraplegia

Paralysis of both lower extremities may occur with dis-
eases of the spinal cord, nerve roots, or, less often, the
peripheral nerves. If the onset is acute, it may be difficult
to distinguish spinal from neuropathic paralysis because
of the element of spinal shock, which results in abolition
of reflexes and flaccidity. In acute spinal cord diseases
with involvement of corticospinal tracts, the paralysis or
weakness affects all muscles below a given level; usually,
if the white matter is extensively damaged, sensory loss
below a particular level is conjoined (loss of pain and tem-
perature sense because of spinothalamic tract damage,
and loss of vibratory and position sense from posterior
column involvement). Also, in bilateral disease of the spi-
nal cord, the bladder and bowel and their sphincters are
usually affected. These abnormalities may be the result of
an intrinsic lesion of the cord or to an extrinsic mass that
narrows the spinal canal, both types of lesions being evi-
dent on MRL

In peripheral nerve diseases, motor loss tends to involve
the distal muscles of the legs more than the proximal ones
(exceptions are certain varieties of the Guillain-Barré syn-
drome and certain types of diabetic neuropathy and por-
phyria); sphincteric function is usually spared or impaired
only transiently. Sensory loss, if present, is also more
prominent in the distal segments of the limbs, and the
degree of loss is often more for one modality than another.

For clinical purposes it is helpful to separate the acute
paraplegias from the chronic ones and to divide the latter
into two groups: those beginning in adult life and those
occurring in infancy.

The most common cause of acute paraplegia (or quadriple-
gia if the cervical cord is involved) is spinal cord trauma,
usually associated with fracture-dislocation of the spine.
Less-common causes are hematomyelia because of a vas-
cular malformation, an arteriovenous malformation of the
cord that causes ischemia by an obscure mechanism, and
infarction of the cord as a result of occlusion of the ante-
rior spinal artery or, more often, to occlusion of segmental
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branches of the aorta (because of dissecting aneurysm or
atheroma, vasculitis, or nucleus pulposus embolism). A
special syndrome occurs in older men where chronic lum-
bar pain is followed after some months or years by the
rapid development of paraplegia. This is caused by an
arteriovenous malformation or fistula in the cord or over-
lying dura of the lumbar region. Closure of the shunt
leads to rapid reversal of paraplegia—a truly treatable
form of paraplegia.

Paraplegia or quadriplegia caused by postinfectious
myelitis, demyelinating or necrotizing myelopathy, or epi-
dural abscess or tumor with spinal cord compression tends
to develop somewhat more slowly, over a period of hours,
days, or longer. Epidural or subdural hemorrhage from
diseases that cause a hemorrhagic diathesis or warfarin
therapy causes an acute or subacute paraplegia; in a few
instances the bleeding has followed a lumbar puncture.
Paralytic poliomyelitis and acute Guillain-Barré syn-
drome—the former a purely motor disorder with mild
meningitis, the latter predominantly motor but often with
sensory disturbances—must be distinguished from the
acute and subacute myelopathies and from each other.

In adult life, multiple sclerosis and tumor account for most
cases of subacute and chronic spinal paraplegia, but a wide vari-
ety of extrinsic and intrinsic processes may produce the same
effect: protruded cervical disc and cervical spondylosis (often
with a congenitally narrow canal), epidural abscess and other
infections (tuberculous, fungal, and other granulomatous
diseases), syphilitic meningomyelitis, motor system disease,
subacute combined degeneration (vitamin By, deficiency),
syringomyelia, and degenerative disease of the lateral and
posterior columns of unknown cause. (See Chap. 44 for dis-
cussion of these spinal cord diseases.)

In pediatric practice, delay in starting to walk and difficulty
in walking are common problems. These conditions may
indicate a systemic disease (such as rickets), mental retarda-
tion, or, more commonly, some muscular or neurologic pro-
cess. Congenital cerebral disease because of periventricular
leukomalacia accounts for a majority of cases of infantile
diplegia (weakness predominantly of the legs, with mini-
mal affection of the arms). Present at birth, it becomes man-
ifest in the first months of life and may appear to progress,
but actually the disease is stationary and the progression is
only apparent, being exposed as the motor system devel-
ops; later there may seem to be slow improvement as a
result of the normal maturation processes of childhood.
These disorders fall under the heading of cerebral palsy, as
discussed in Chap. 38. Congenital malformation or birth
injury of the spinal cord are other possibilities. Friedreich
ataxia and familial paraplegia, muscular dystrophy, tumor,
and the chronic varieties of polyneuropathy tend to appear
later, during childhood and adolescence, and are slowly
progressive. Transverse (demyelinative) myelitis is a cause
of acute paraplegia in childhood.

Quadriplegia (Tetraplegia)

All that has been said about the spinal causes of paraplegia
applies to quadriplegia, the lesion being in the cervical
rather than the thoracic or lumbar segments of the spinal
cord. If the lesion is situated in the low cervical segments

and involves the anterior half of the spinal cord, as typified
by the syndrome resulting from occlusion of the anterior
spinal artery (but occurring also in some cases of myelitis
and fracture—dislocations of the cervical spine). In all these
processes, the paralysis of the arms may be flaccid and
areflexic in type and that of the legs, spastic. There is usu-
ally pain in the neck and shoulders and numbness of the
hands; elements of ataxia from posterior column lesions
accompany the paraparesis. Compression of the C1 and C2
spinal cord segments is caused by dislocation of the odon-
toid process. Rheumatoid arthritis and Morquio disease
are causes of special note; in the latter, there is pronounced
dural thickening.

A progressive syndrome of monoparesis, biparesis, and
then triparesis is caused by tumors and a variety of other
compressive lesions in the region of the foramen magnum
and high cervical cord. Bilateral infarction of the medul-
lary pyramids from occlusion of the vertebral arteries or
their anterior spinal branches is a very rare cause of quad-
riplegia. Repeated strokes affecting both hemispheres may
lead to bilateral hemiplegia, usually accompanied by
pseudobulbar palsy (see Chap. 23 on spastic dysarthria
and Chap. 25 on pseudobulbar laughing and crying). In
infants and young children, aside from developmental
abnormalities and anoxia of birth, certain metabolic cere-
bral diseases (metachromatic and other forms of leukoen-
cephalopathy, lipid storage disease) may be responsible
for a quadriparesis or quadriplegia, but always with
severe psychomotor retardation. Congenital forms of
muscular dystrophy and muscular atrophy (Werdnig-
Hoffmann disease) may be recognized soon after birth or
later and may progress slowly.

Triplegia

Paralysis that remains confined to three limbs is observed
only rarely; more often the fourth limb is weak or hyperre-
flexic, and the syndrome is really an incomplete tetraplegia.
As indicated earlier, this pattern of involvement is impor-
tant, because it may signify an evolving lesion of the upper
cervical cord or cervicomedullary junction. A meningioma
of the foramen magnum, for example, may begin with
spastic weakness of one limb, followed by sequential
involvement of the other limbs in an “around-the-clock”
pattern. There are usually bilateral Babinski signs early in
the process, but there may be few sensory findings. We
have also seen this pattern in patients with multiple sclero-
sis and other intrinsic inflammatory and neoplastic lesions.
These same diseases may produce triplegia (or triparesis)
by a combination of paraplegia from a thoracic spinal cord
lesion and a separate unilateral lesion in the cervical cord or
higher that results in a hemiparesis.

Paralysis of Isolated Muscle Groups

This condition usually indicates a lesion of one or more
peripheral nerves or of several adjacent spinal roots. The
diagnosis of an individual peripheral nerve lesion is made
on the basis of weakness or paralysis of a particular mus-
cle or group of muscles and impairment or loss of sensa-
tion in the distribution of the nerve. Complete or extensive



interruption of a peripheral nerve is followed by atrophy
of the muscles it innervates and by loss of tendon reflexes
of the involved muscles; abnormalities of vasomotor and
sudomotor functions and trophic changes in the skin,
nails, and subcutaneous tissue may also occur.

Knowledge of the motor and sensory innervation of the
peripheral nerve in question is needed for a satisfactory
diagnosis. It is impractical to memorize the precise senso-
rimotor distribution of each peripheral nerve, and special
manuals, such as Aids to the Examination of the Peripheral
Nervous System, should be consulted (see also Table 46-1).
In addition, it is important to decide whether the lesion is
a temporary one of electrical conduction alone or whether
there has been a structural interruption of nerve fibers,
requiring nerve regeneration or corrective surgery for
recovery. Electromyography and nerve conduction studies
are of great value here.

If there is no evidence of upper or lower motor neuron
disease but certain movements are nonetheless imper-
fectly performed, one should look for a disorder of posi-
tion sense or cerebellar coordination or for rigidity with
abnormalities of posture and movement due to disease of
the basal ganglia (Chap. 4). In the absence of these disor-
ders, the possibility of an apraxic disorder should be
investigated by the methods outlined earlier.

Hysterical Paralysis

Hysterical paralysis may involve one arm or leg, both legs, or
all of one side of the body. Tendon reflexes are of normal
amplitude and atrophy is lacking in hysterical paralysis, fea-
tures that distinguish it from chronic lower motor neuron
disease. Diagnostic difficulty arises only in certain acute
cases of upper motor neuron disease that lack the usual
changes in reflexes and muscle tone. The hysterical gait is
often diagnostic. Sometimes there is loss of sensation in the
paralyzed parts and loss of sight, hearing, and smell on the
paralyzed side—a pattern of sensory changes that is never
seen in organic disease of the nervous system. When the hys-
terical patient is asked to move the affected limbs, the move-
ments tend to be slow, hesitant, and jerky, often with
contraction of agonist and antagonist muscles simulta-
neously and intermittently (“give-way” weakness). Lack of
effort is usually obvious, despite facial and other expressions
to the contrary. Power of contraction improves with encour-
agement. The weakness is inconsistent; some movements are
performed tentatively and moments later another movement
involving the same muscles is performed naturally. The
Hoover sign and the trunk-thigh sign of Babinski are helpful
in distinguishing hysterical from organic hemiplegia. To
elicit the Hoover sign, the examiner places both hands under
the heels of the recumbent patient, who is asked to press the
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heels down forcefully. With organic hemiplegia, downward
pressure will be felt from the nonparalyzed leg. The exam-
iner then removes his hand from under the nonparalyzed
leg, places it on top of the nonparalyzed one, and asks the
patient to raise that leg. In true hemiplegia, no added pres-
sure will be felt by the hand that remained beneath the heel
of the paralyzed leg. In hysteria, the heel of the supposedly
paralyzed leg may press down on the examiner’s hand. Or,
more useful in our experience, the normal leg fails to demon-
strate downward pressure when the hysteric is asked to ele-
vate the supposedly paralyzed one, thereby indicating a lack
of voluntary effort. To carry out the Babinski trunk-thigh
test, the examiner asks the recumbent patient to sit up while
keeping his arms crossed in front of his chest. In the patient
with organic hemiplegia, there is an involuntary flexion of
the paretic lower limb; in paraplegia, both limbs are flexed as
the trunk is flexed; in hysterical hemiplegia, only the normal
leg may be flexed; and in hysterical paraplegia, neither leg is
flexed. Patients with apparently paralyzed legs may propel a
chair on wheels by pedaling along the floor (a sign attributed
to Blocq by Okun and colleagues). Asking the patient to
adduct the thighs against resistance may also help to reveal
hysterical weakness. The examiner tells the patient that he is
testing the normal limb, while asking the patient to try to
push the knees together. In hysterical weakness, the appar-
ently paralyzed limb adducts with normal power. One can
take advantage of midline motor actions in the upper
extremity by asking the patient to push his hands together
and telling him that the normal side is being tested. In hys-
terical weakness, there is adduction movement of the sup-
posedly paralyzed limb.

Muscular Paralysis and Spasm Unattended
by Visible Changes in Nerve or Muscle

A discussion of motor paralysis would be incomplete with-
out some reference to a group of diseases in which muscle
weakness may be profound but there are no overt structural
changes in motor nerve cells or nerve fibers. Almost any dis-
ease of the neuromuscular junction and many diseases of
muscle may cause this combination. This group comprises
myasthenia gravis; inflammatory myopathies, the muscular
dystrophies, and myotonia congenita (Thomsen disease);
familial periodic paralysis; disorders of potassium, sodium,
calcium, and magnesium metabolism; tetany; tetanus; poi-
soning by Clostridium botulinum; black widow spider bite;
and the thyroid and other endocrine myopathies. In these
diseases, each with a fairly distinctive clinical picture, the
abnormality is essentially biochemical; their investigation
requires special biochemical and histochemical tests and
electron microscopic study. These subjects are discussed in
the sections on muscle disease later in this book.
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Abnormalities of Movement and Posture
Caused by Disease of the Basal Ganglia

In this chapter, the disorders of the automatic, static, pos-
tural, and other less-modifiable motor activities of the ner-
vous system are discussed. They are an expression of what
has come to be called the extrapyramidal motor system,
meaning—according to S.A.K. Wilson, who introduced
this term—the motor structures of the basal ganglia and
certain related thalamic and brainstem nuclei.

The activities of the basal ganglia and the cerebellum
are blended with and modulate the corticospinal and cor-
tical-brainstem—spinal systems. The static postural influ-
ence of the extrapyramidal system is indispensable to
voluntary corticospinal movements. This close association
of the basal ganglia and corticospinal systems becomes
evident in the course of many forms of neurologic disease.
Cerebral lesions that involve the corticospinal tracts result
not only in a contralateral paralysis of volitional move-
ments but also in a fixed posture in which the arm is
flexed and the leg extended. Similarly, as noted in Chap. 3,
interruption of the motor projections by a lesion in the up-
per pons or midbrain may release a posture in which all
four limbs or the arm and leg on one side are extended,
and the cervical and thoracolumbar portions of the spine
are hyperextended (decerebrate rigidity). In these aberrant
motor patterns, one also sees evidence of labyrinthine,
tonic neck, and other postural reflexes that are mediated
through nonpyramidal bulbospinal and other brainstem
motor systems. Observations such as these and the ana-
tomic data presented in Chap. 3 have blurred the classic
distinctions between pyramidal and extrapyramidal mo-
tor systems. Nevertheless, this division remains a useful,
if not an essential, concept in clinical work, because it
compels a distinction between several motor syndromes—
one that is characterized by a loss of volitional movement
accompanied by spasticity—the corticospinal syndrome; a
second by akinesia, rigidity, and tremor without loss of
voluntary movement—the hypokinetic basal ganglionic
syndrome; a third by involuntary movements (choreo-
athetosis and dystonia)—the hyperkinetic basal gangli-
onic syndrome; and yet another by incoordination
(ataxia)—the cerebellar syndrome. Table 4-1 summarizes
the main clinical differences between corticospinal and ex-
trapyramidal syndromes.

Much of the criticism of the pyramidal-extrapyramidal
concept derives from the terms themselves. The ambigu-
ity related to the term pyramidal was discussed in Chap. 3,

in which it was pointed out that pure pyramidal lesions
do not cause total paralysis; when total paralysis exists,
there is always some degree of involvement of other
descending motor pathways as well. The term extrapyram-
idal is equally imprecise. Strictly interpreted, it refers to all
the motor pathways except the pyramidal one, making
this term so all-embracing as to be practically meaning-
less. The concept of an extrapyramidal motor system
becomes more meaningful if it is subdivided into two
parts: (1) the striatopallidonigral system (basal ganglia)
and (2) the cerebellum, and it is the former that is cur-
rently referred to as “extrapyramidal.” These parts func-
tion very differently in the control of movement and
posture, and disease in each of them results in particular
disturbances of movement and posture without paralysis.
The basal ganglia and the symptoms that result when they
are diseased are described in the pages that follow and in
Chap. 6. The disorders of movement and posture strictly
as a consequence of cerebellar disease are described in
Chap. 5.

THE STRIATOPALLIDONIGRAL SYSTEM
(BASAL GANGLIA)

Anatomic Considerations

As an anatomic entity, the basal ganglia have no precise
definition. Principally they include the caudate nucleus
and the lentiform (lenticular, from its lens-like shape)
nucleus with its two subdivisions—the putamen and glo-
bus pallidus. Insofar as the caudate nucleus and putamen
are really a continuous structure (separated only incom-
pletely by fibers of the internal capsule) and are cytologi-
cally and functionally distinct from the pallidum, it is
more meaningful to divide these nuclear masses into the
striatum (or neostriatum), comprising the caudate nucleus
and putamen, and the paleostriatum or pallidum, which
has a medial (internal) and a lateral (external) portion. The
putamen and pallidum lie on the lateral aspect of the
internal capsule, which separates them from the caudate
nucleus, thalamus, subthalamic nucleus, and substantia
nigra on its medial side (Figs. 4-1 and 4-2). By virtue of
their close connections with the caudate and lenticular
nuclei, the subthalamic nucleus (nucleus of Luys) and the
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Table 4-1

CLINICAL DIFFERENCES BETWEEN CORTICOSPINAL AND EXTRAPYRAMIDAL SYNDROMES

CORTICOSPINAL

EXTRAPYRAMIDAL

Character of the alteration of muscle tone

Distribution of hypertonus

Involuntary movements Absent
Tendon reflexes Increased
Babinski sign Present
Paralysis of voluntary movement Present

Clasp-knife effect (spasticity)

Flexors of arms, extensors of legs

Plastic, equal throughout passive movement
(rigidity), or intermittent (cogwheel rigidity)
Generalized but predominates in flexors of limbs

and of trunk
Presence of tremor, chorea, athetosis, dystonia
Normal or slightly increased
Absent
Absent or slight

substantia nigra are included as parts of the basal ganglia.
The claustrum and amygdaloid nuclear complex, because
of their largely different connections and functions, are
usually excluded.

For reasons indicated further on, some physiologists
have expanded the list of basal ganglionic structures to
include the red nucleus, the intralaminar thalamic nuclei,
and the reticular formations of the upper brainstem.
These structures receive direct cortical projections and
give rise to rubrospinal and reticulospinal tracts that run
parallel to the corticospinal (pyramidal) ones; hence they
also were once referred to as extrapyramidal. However,
these nonpyramidal linkages are structurally indepen-
dent of the major extrapyramidal circuits that include the
striatum, pallidum, thalamus, and premotor and supple-
mentary motor cortices. Insofar as the final links in this
circuit—the premotor and supplementary motor corti-
ces—ultimately project onto the motor cortex, the afore-
mentioned circuit is more aptly referred to as prepyramidal
(Thach and Montgomery).

Caudate nucleus

Putamen

Corpus
callosum

Lateral

Earlier views of basal ganglionic organization empha-
sized serial connectivity and the funneling of efferent pro-
jections to the ventrolateral thalamus and thence to the
motor cortex (Fig. 4-3). This concept was based largely on
the classic experimental work of Whittier and Mettler and
of Carpenter, in the late 1940s. These investigators demon-
strated, in monkeys, that a characteristic movement disor-
der, which they termed choreoid dyskinesia, could be
brought about in the limbs of one side of the body by a
lesion localized to the opposite subthalamic nucleus. They
also showed that for such a lesion to provoke dyskinesia,
the adjacent pallidum and pallidofugal fibers had to be
preserved; that is, a second lesion—placed in the medial
segment of the pallidum, in the fasciculus lenticularis, or
in the ventrolateral thalamus—abolished the dyskinesia.
This experimental hyperkinesia could also be abolished
by interruption of the lateral corticospinal tract but not by
interruption of the other motor or sensory pathways in the
spinal cord. These observations were interpreted to mean
that the subthalamic nucleus exerts an inhibitory or regu-

Caudate nucleus Y

ventricle

Putamen
Thalamus I

g(?grunsalpgggjnlflse.n t Basal Figure 4-1. Overview of the compo-
Internal asal iai i
capsule Internal segment ganglia nents of the basal ganglia in coronal view.

Claustrum

Amygdala

The main nuclei of the basal ganglia are
represented in blue, as labeled on the

Subthalamic
nucleus right. (Reproduced with permission from
Substantianigra Kandel ER, Schwartz JH, Jessell TM:

Principles of Neural Science, 4th ed. New
York: McGraw-Hill, 2000.)
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Figure 4-2. Diagram of the basal ganglia in the coronal plane, illus-
trating the main interconnections (see text for details). The pallido-
thalamic connections are illustrated in Fig. 4-3.

lating influence on the globus pallidus and ventral thala-
mus. Removal of this influence by selective destruction of
the subthalamic nucleus is expressed physiologically by
an irregular activity that is now identified as chorea, pre-
sumably arising from the intact pallidum and conveyed to
the ventrolateral thalamic nuclei, thence by thalamocorti-
cal fibers to the ipsilateral premotor cortex, and from
there, to the motor cortex, all in a serial manner. New
observations have made it apparent that there are, instead,
a number of parallel circuits as detailed further on. A gen-
eral principle that has withstood the test of time is the cen-
tral role of the ventrolateral and ventroanterior nuclei of
the thalamus. Together, they form a vital link in an ascend-
ing fiber system, not only from the basal ganglia but also
from the cerebellum, to the motor and premotor cortex.
Thus both basal ganglionic and cerebellar influences are
brought to bear, via thalamocortical fibers, on the cortico-
spinal system and on other descending pathways from the
cortex. Direct descending pathways from the basal ganglia
to the spinal cord are relatively insignificant.

The foregoing view of basal ganglionic organization has
been broadened considerably as a result of new anatomic,
physiologic, and pharmacologic data (see in particular the
reviews of Gombart and colleagues, of DeLong, and of
Penney and Young). Whereas earlier concepts emphasized
the serial connectivity of the basal ganglionic structures
and the funneling of efferent projections to the thalamus,
current evidence indicates an organization into several
parallel basal ganglionic—cortical circuits. Although these
circuits run parallel to the premotor pathway, they remain
separate from it anatomically and physiologically. At least
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Direct Indirect
athway athway
acilitates Inhibits

movement

movement

\ |

\ I
\ I
\ I
\

Putamen
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Pedunculo-
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nucleus

Figure 4-3. Schematic illustration of major efferent and afferent con-
nections of the basal ganglia. The blue lines indicate neurons with
excitatory effects, whereas the black lines indicate inhibitory influ-
ences. (See text for details; also Fig. 4-2.) (Reproduced with permis-
sion from Kandel ER, Schwartz JH, Jessell TM: Principles of Neural
Science, 4th ed. New York: McGraw-Hill, 2000.)

five such anatomic circuits have been described, each pro-
jecting to a different portion of the frontal lobe: (1) the pro-
totypical motor circuit, converging on the premotor
cortex; (2) the oculomotor circuit, projecting onto the fron-
tal eye fields; two prefrontal circuits: (3) one ending in the
dorsolateral prefrontal and (4) the other on the lateral
orbitofrontal cortex; and (5) a limbic circuit that projects to
the anterior cingulate and medial orbitofrontal cortex.

An additional and essential feature of basal ganglionic
structure, also relatively recently appreciated, is the non-
equivalence of all parts of the striatum. Particular cell
types and zones of cells within this structure appear to
mediate different aspects of motor control and to utilize
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specific neurochemical transmitters, as detailed below
under “Pharmacologic Considerations” (see also Albin et
al and DeLong). This specialization has taken on further
importance with the observation that one or another cell
type is destroyed preferentially in degenerative diseases
such as Huntington chorea.

The most important basal ganglionic connections and
circuitry are indicated in Figs. 4-1, 4-2, and 4-3. Conven-
tionally it has been taught that the striatum, mainly the
putamen, is the receptive part of the basal ganglia, receiv-
ing topographically organized fibers from all parts of the
cerebral cortex and from the pars compacta (pigmented
neurons) of the substantia nigra, and that the output nuclei
of the basal ganglia consist of the medial (internal) palli-
dum and the pars reticulata (nonpigmented portion) of
the substantia nigra (Fig. 4-3).

Furthermore, it has been proposed on the basis of physio-
logic, lesional, and pharmacologic studies, that there are
two main efferent projections from the putamen; but these
models, being quite incomplete, should be viewed as provi-
sional. Nonetheless, there are reasons to conceptualize a
direct efferent system from the putamen onto the medial
(internal) pallidum and then onto the substantia nigra
again, particularly to the pars reticulata cells, and an indirect
system that traverses the lateral (external) pallidum and
continues on to the subthalamic nucleus, with which it has
strong to-and-fro connections. In most ways, the subtha-
lamic nucleus and lateral pallidum operate as a single func-
tional unit (at least in terms of the effects of lesions in those
locations on parkinsonian symptoms and the neurotrans-
mitters involved; see further on). The medial pallidum and
reticular part of the nigra can be viewed in a similar unitary
way, sharing the same input and output patterns. Within
the indirect pathway, an internal loop is created by projec-
tions from the subthalamic nucleus to the medial segment
of the pallidum and pars reticulata. A second offshoot of
the indirect pathway, recently uncovered, consists of projec-
tions from the lateral pallidum to the medial pallidonigral
output nuclei. These anatomic and physiologic concepts are
continuously being revised on the basis of clinical and neu-
rochemical observations. A complete account of this intri-
cate connectivity cannot be given, but the main themes
outlined here seem to have been accepted. The relative
importance of the direct and indirect pathways is being
altered by recent experience, as discussed below.

From the internal pallidum, two bundles of fibers reach
the thalamus—the ansa lenticularis and the fasciculus len-
ticularis. The ansa sweeps around the internal capsule; the
fasciculus traverses the internal capsule in a number of
small fascicles and then continues medially and caudally
to join the ansa in the prerubral field. Both of these fiber
bundles join the thalamic fasciculus, which then contains
not only the pallidothalamic projections but also mesotha-
lamic, rubrothalamic, and dentatothalamic ones. These
projections are directed to separate targets in the ventro-
lateral nucleus of the thalamus and to a lesser extent in the
ventral anterior and intralaminar thalamic nuclei. The
centromedian nucleus of the intralaminar group projects
back to the putamen and, via the parafascicular nucleus,
to the caudate. A major projection from the ventral tha-
lamic nuclei to the ipsilateral premotor cortex completes

the large cortical-striatal-pallidal-thalamic—cortical motor
loop, with conservation of the somatotopic arrangement
of motor fibers, again emphasizing the nexus at the tha-
lamic nuclei.

Physiologic Considerations

Physiologic evidence indicates that a balanced functional
architecture, one excitatory and the other inhibitory, is
operative within the individual circuits. The direct stri-
atomedial pallidonigral pathway is activated by glutamin-
ergic projections from the sensorimotor cortex and by
dopaminergic nigral (pars compacta)-striatal projections.
Activation of this direct pathway inhibits the medial palli-
dum, which, in turn, disinhibits the ventrolateral and ven-
troanterior nuclei of the thalamus. As a consequence,
thalamocortical drive is enhanced and cortically initiated
movements are facilitated. The indirect circuit arises from
putaminal neurons that contain gamma-aminobutyric acid
(GABA) and smaller amounts of enkephalin. These stri-
atal projections have an inhibitory effect on the lateral pal-
lidum, which, in turn, disinhibits the subthalamic nucleus
through GABA release, providing subthalamic drive to
the medial pallidum and substantia nigra pars reticulata.
The net effect is thalamic inhibition that reduces thalamo-
cortical input to the precentral motor fields and impedes
voluntary movement. These complex anatomic and physi-
ologic relationships have been summarized in numerous
schematic diagrams similar to Fig. 4-4 and those by Lang
and Lozano and by Standaert and Young.

Restated, the current view is that enhanced conduction
through the indirect pathway leads to hypokinesia by
increasing pallidothalamic inhibition, whereas enhanced
conduction through the direct pathway results in hyperki-
nesia by reducing pallidothalamic inhibition. The direct
pathway has been perceived by Marsden and Obeso as
facilitating cortically initiated movements and the indirect
pathway as suppressing potentially conflicting and
unwanted motor patterns. In Parkinson disease, for exam-
ple, loss of dopaminergic input from the substantia nigra
diminishes activity in the direct pathway and increases
activity in the indirect pathway; the net effect is to increase
inhibition of the thalamic nuclei and to reduce excitation
of the cortical motor system.

Further insight into these systems and into the mecha-
nism of Parkinson disease has come from the discovery that
the parkinsonian syndrome can be reproduced in humans
and primates by the toxin 1-methyl-4-phenyl-1,2,3,6-tet-
rahydropyridine (MPTP). This toxin was discovered acci-
dentally in drug addicts who self-administered an analogue
of meperidine. The toxin binds with high affinity to mono-
amine oxidase (MAO), an extraneural enzyme that trans-
forms it to pyridinium, a toxic metabolite that is bound by
melanin in the dopaminergic nigral neurons in sufficient
quantities to destroy the cells, probably by interfering with
mitochondrial function. In monkeys made parkinsonian by
the administration of MPTP, electrophysiologic studies have
shown increased activity in the medial globus pallidus and
decreased activity in the lateral globus pallidus, as pre-
dicted from the previously described models. This comes
about because of the differential loss of activity of dopamin-
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Figure 4-4. A. Schematic diagram of the main neurotransmitter pathways and their effects in the cortical-basal ganglia-thalamic circuits. The
blue lines indicate neurons with excitatory effects; the black lines indicate inhibitory influences. The internal (medial) segment of the globus palli-
dus (MGP) and the zona reticulata of the substantia nigra (SNpr) are believed to act as one entity that projects via GABA-containing neurons to
the thalamus (ventrolateral and ventroanterior nuclei) and to the pedunculopontine nuclei (not shown). Dopaminergic neurons (DA) arising in
the pars compacta of the substantia nigra (SNpc) have an excitatory influence on the direct striatopallidal fibers (via D1 receptors) and an inhib-
itory effect on the indirect striatopallidal fibers (via D2 receptors) that project to the external (lateral) pallidum (LGP) and subthalamic nucleus
(STN). Dotted lines in the subsequent figures denote a reduction in activity of the pathway. (See text.) B. Corresponding physiologic state as con-
ceptualized in Parkinson disease, in which hypokinesia is the main finding as a result of reduced dopamine input from the substantia nigra and
pars compacta to the striatum via the direct pathway, which results in withdrawal of inhibitory activity of the globus pallidus and, in turn,
increased inhibitory drive on the thalamic nuclei, which reduces input to the cortical motor system. C. Schematic diagram of the theorized
mechanism in Huntington disease, a hyperkinetic movement disorder resulting from reduced inhibition by the striatum within the indirect

pathway, overdriving of the subthalamic nucleus, and causing excess activity in thalamocortical circuits. (See text.)

ergic striatal neurons that project to each of these parts of
the pallidum. The end result is increased inhibition of
thalamocortical neurons. It is, however, difficult to explain
why medial pallidal lesions do not regularly cause parkin-
sonism. Perhaps it is because the subtle imbalance between
the medial and lateral pallidal circuits that exists in Parkin-
son disease is not reproduced. This subtlety may also ex-
plain why crude lesions, such as infarcts, hemorrhages, and
tumors, rarely produce the complete parkinsonian syn-
drome of tremor, bradykinesia, and rigidity. Indeed, strik-
ing improvements in parkinsonian symptoms are obtained,
paradoxically, by placing lesions in the medial pallidum
(pallidotomy) as discussed in Chap. 39.

It is likely that the static model of inhibitory and excita-
tory pathways and the parsing of a direct and an indirect
pathway, as useful as it is as a mnemonic, does not

account well for the dynamic activities of the basal gan-
glia. In particular, the electrical activity of the neurons in
these systems oscillate and influence the frequency of
oscillations in other parts of the system, as well as bring-
ing individual cells closer to firing. One deficiency of cur-
rently conceived models is that they do not account for the
tremor of Parkinson disease. To further complicate mat-
ters, the various subtypes of dopamine receptors act in
both excitatory and inhibitory ways under different cir-
cumstances depending on their location as discussed
below. The complexity of basal ganglionic interactions can
hardly be explained in these simplified models, but they
remain reasonable prototypes for understanding abnor-
mal hyperkinetic and hypokinetic movements.

In more conventional and not yet antiquated physio-
logic terms, Denny-Brown and Yanagisawa, who studied
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the effects of ablation of individual extrapyramidal struc-
tures in monkeys, concluded that the basal ganglia func-
tion as a kind of clearinghouse where, during an intended
or projected movement, one set of activities is facilitated
and all other unnecessary ones are suppressed. They used
the analogy of the basal ganglia as a brake or switch, the
tonic inhibitory (“brake”) action preventing target struc-
tures from generating unwanted motor activity and the
“switch” function referring to the capacity of the basal
ganglia to select which of many available motor programs
will be active at any given time. Still other theoretical con-
structs focus on the role of the basal ganglia in the initia-
tion, sequencing, and modulation of motor activity
(“motor programming”). Also, it appears that the basal
ganglia participate in the constant priming of the motor
system, enabling the rapid execution of motor acts with-
out premeditation—e.g., hitting a baseball. In most ways,
these conceptualizations restate the same notions of bal-
ance and selectivity imparted to all motor actions by the
basal ganglia. The manner in which excessive or depleted
activity of various components of the basal ganglia gives
rise to hypokinetic and hyperkinetic movement disorders
is discussed further on, under “Symptoms of Basal Gan-
glia Disease.”

Pharmacologic Considerations

During the past decades, a series of pharmacologic obser-
vations have considerably enhanced our understanding of
basal ganglionic function and led to a rational treatment of
Parkinson disease and other extrapyramidal syndromes.
Whereas physiologists had for years failed to discover the
functions of the basal ganglia by stimulation and crude
ablation experiments, clinicians became aware that the use
of certain drugs, such as reserpine and the phenothiazines,
regularly produced extrapyramidal syndromes (e.g., par-
kinsonism, choreoathetosis, dystonia). These observa-
tions greatly stimulated the study of central nervous
system (CNS) transmitter substances in general. The cur-
rent view is that the integrated basal ganglionic control of
movement can be best understood by considering, in the
context of the anatomy described above, the physiologic
effects of neurotransmitters that convey the signals
between cortex, striatum, globus pallidus, subthalamic
nucleus, substantia nigra, and thalamus.

The most important neurotransmitter substances from
the point of view of basal ganglionic function are
glutamate, GABA, dopamine, acetylcholine, and seroto-
nin. Figure 4-4 summarizes their roles. A more complete
account of this subject than is possible here may be found
in the reviews of Penney and Young, of Alexander and
Crutcher, and of Rao.

The following is what is known with a fair degree of
certainty. Glutamate is the neurotransmitter of the excita-
tory projections from the cortex to the striatum and of the
excitatory neurons of the subthalamic nucleus. GABA is
the inhibitory neurotransmitter of striatal, pallidal, and
substantia nigra (pars reticulata) projection neurons. Ace-
tylcholine (ACh), long established as the neurotransmit-
ter at the neuromuscular junction and the autonomic
ganglia, is also physiologically active in the basal ganglia.

The highest concentration of ACh, as well as of the
enzymes necessary for its synthesis and degradation
(choline acetyl transferase and acetylcholinesterase), is in
the striatum. Acetylcholine is synthesized and released
by the large but sparse (Golgi type 2) nonspiny striatal
neurons. It has a mixed but mainly excitatory effect on
the more numerous spiny neurons within the putamen
that constitute the main origin of the direct and indirect
pathways described above. Dopamine, by contrast, has
both inhibitory and excitatory effects on these neurons, as
detailed below. It is likely that the effectiveness of atro-
pinic agents—which have been used empirically for
many years in the treatment of Parkinson disease and
dystonia—depends on their capacity to antagonize ACh
at sites within the basal ganglia and in projections from
the pedunculopontine nuclei. Acetylcholine appears also
to act on the presynaptic membrane of striatal cells and to
influence their release of neurotransmitters, as discussed
below. In addition, the basal ganglia contain other biolog-
ically active substances—substance P, enkephalin, chole-
cystokinin, somatostatin, and neuropeptide Y—which
enhance or diminish the effects of other neurotransmit-
ters, i.e., they act as neuromodulators.

Of the catecholamines, dopamine has the most perva-
sive role. It can be said that it is among the most impor-
tant in brain disease, because disturbances of dopamine
signaling are essential abnormalities of several CNS dis-
orders including parkinsonism, schizophrenia, attention-
deficit hyperactivity disorder, and drug abuse. Within the
basal ganglia, the areas richest in dopamine are the sub-
stantia nigra, where it is synthesized in the nerve cell
bodies of the pars compacta, and the termination of these
fibers in the striatum. In the most simplified models,
stimulation of the dopaminergic neurons of the substan-
tia nigra induces a specific response in the striatum—
namely, an inhibitory effect on the already low firing rate
of neostriatal neurons. However, the effects of dopamine
have proved more difficult to resolve, in large part
because there are now five known types of postsynaptic
dopamine receptors (D1 to D5), each with its particular
anatomic distribution and pharmacologic action. This
heterogeneity is exemplified in the excitatory effect of
dopamine on the small spiny neurons of the putamen and
an inhibitory effect on others.

The five types of dopamine receptors are found in dif-
fering concentration throughout various parts of the
brain, each displaying differing affinities for dopamine
itself and for various drugs and other agents (Table 4-2;
also see Jenner). The D1 and D2 receptors are highly con-
centrated in the striatum, D3 in the nucleus accumbens,
D4 in the frontal cortex and certain limbic structures, and
D5 in the hippocampus. In the striatum, the effects of
dopamine act as a class of “D1-like” (D1 and D5 sub-
types) and “D2-like” (D2, D3, and D4 subtypes) recep-
tors. Activation of the D1 class stimulates adenyl cyclase,
whereas D2 receptor binding inhibits this enzyme.
Whether dopamine functions in an excitatory or inhibi-
tory manner at a particular synapse is determined by the
local receptor. As mentioned earlier, excitatory D1 recep-
tors predominate on the small spiny putamenal neurons
that are the origin of the direct striatopallidal output
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Table 4-2

PROPERTIES AND LOCALIZATION OF DOPAMINE RECEPTORS
Classes of Dopaminergic Receptors
D1 D2 D3 D4 D5
Within basal ganglia
Striatum +4 + + + +
Lateral GP + +
Subthalamic nucleus + + +
Medial GP/SN pars reticulata +
SN pars compacta + + +
Outside basal ganglia
Nucleus accumbens + +
Frontal cortex + +
Limbic structures +
Hippocampus +
Hypothalamus + +
Olfactory tubercle +
Pituitary +
Brainstem +
Drug affinities
Dopamine ++ +++ -+ N/A N/A
Bromocriptine — ++ ++ N/A N/A
Pergolide + ++++ +++ N/A N/A
Ropinirole 0 +++ ++++ N/A N/A
Pramipexole 0 +4++ +4++ N/A N/A

“Acts through direct striatal projection neurons.
bActs through indirect striatal projection neurons.
GP, globus pallidus; SN, substantia nigra.

pathway, whereas D2 receptors mediate the inhibitory
influence of dopamine on the indirect striatopallidal out-
put, as indicated in Fig. 4-4.

Some of the clinical and pharmacologic effects of dopa-
mine are made clear by considering both the anatomic
sites of various receptors and their physiologic effects. For
example, it appears that drug-induced parkinsonian syn-
dromes and tardive dyskinesias (described further on) are
prone to occur when drugs are administered that competi-
tively bind to the D2 receptor, but that the newer antipsy-
chosis drugs, which produce fewer of these effects, have a
stronger affinity for the D4 receptor. However, the situa-
tion is actually far more complex, in part because of the
synergistic activities of D1 and D2 receptors, each potenti-
ating the other at some sites of convergence, and the pres-
ence on the presynaptic terminals of nigrostriatal neurons
of D2 receptors, which inhibit dopamine synthesis and
release.

Even these intricacies do not capture the complexity of
neural transmission in the basal ganglia. In contrast to the
almost instantaneous actions of glutamate and its antago-
nist, GABA, at synapses, the monoamines have more pro-
tracted effects, lasting for seconds or as long as several
hours. And they influence rapid as well as slower synaptic
activities. Dopamine and related neurotransmitters have a
slower influence through the “second messenger” cyclic
adenosine monophosphate (cAMP), which, in turn, con-
trols the phosphorylation or dephosphorylation of numer-
ous intraneuronal proteins. These intracellular effects
have been summarized by Greengard.

The effects of certain drugs are best comprehended by
understanding the manner in which they alter neu-

rotransmitter function. Several drugs—namely reser-
pine, the phenothiazines, and the butyrophenones (notably
haloperidol)—induce prominent parkinsonian syndromes
in humans. Reserpine, for example, depletes the stria-
tum and other parts of the brain of dopamine; halo-
peridol and the phenothiazines work by a different
mechanism, probably by blocking dopamine receptors
within the striatum.

The basic validity of the physiologic pharmacologic
model outlined here is supported by the observation that
excess doses of L-dopa or of a direct-acting dopamine
receptor agonist lead to excessive motor activity. Further-
more, the therapeutic effects of the main drugs used in the
treatment of Parkinson disease become understandable in
the context of neurotransmitter function. To correct the
basic dopamine deficiency from a loss of nigral cells that
underlies Parkinson disease, attempts were at first made
to administer dopamine directly. However, dopamine as
such cannot pass the blood-brain barrier and therefore has
no therapeutic effect. But its immediate dopamine precur-
sor, L-dopa, does cross the blood-barrier and is effective in
decreasing the symptoms of Parkinson disease as well as
of the above-described MPTP-induced parkinsonism. This
effect is enhanced by the addition of an inhibitor of dopa-
decarboxylase, an important enzyme in the catabolism of
dopamine. The addition of an enzyme inhibitor of this
type (carbidopa or benserazide) to L-dopa results in an
increase of dopamine concentration in the brain while
sparing other organs from exposure to high levels of the
drug. Similarly, drugs that inhibit catechol O-methyltrans-
ferase (COMT), another enzyme that breaks down dopa-
mine, prolong the effects of administered L-dopa.
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Because of the pharmacologic effects of ACh and dopa-
mine, it was originally postulated by Ehringer and Horny-
kiewicz (the latter originated the idea) that a functional
equilibrium exists in the striatum between the excitatory
activity of ACh and the inhibitory activity of dopamine. In
Parkinson disease, the decreased release of dopamine by
the substantia nigra onto the striatum disinhibits neurons
that synthesize ACh, resulting in a predominance of cho-
linergic activity—a notion supported by the observation
that parkinsonian symptoms are aggravated by centrally
acting cholinergic drugs and improved by anticholinergic
drugs. According to this theory, administration of anticho-
linergic drugs restores the ratio between dopamine and
ACh, with the new equilibrium being set at a lower-than-
normal level because the striatal levels of dopamine are
low to begin with. This view has been validated in clinical
practice in that one observes a beneficial effect on parkin-
sonian symptoms after the administration of anticholiner-
gic agents. The use of drugs that enhance dopamine
synthesis or its release or that directly stimulate dopamin-
ergic receptors in the striatum (e.g., bromocriptine) repre-
sents another more direct method of treating Parkinson
disease as outlined in Chap. 39.

The Pathology of Basal Ganglionic Disease

The extrapyramidal motor syndrome as we know it
today was first delineated on clinical grounds and so
named by S.A K. Wilson in 1912. In the disease that now
bears his name and that he called hepatolenticular degener-
ation, the most striking abnormality in the nervous sys-
tem was a bilaterally symmetrical degeneration of the
putamen, sometimes to the point of cavitation. To these
lesions Wilson correctly attributed the characteristic
symptoms of rigidity and tremor. Shortly thereafter, van
Woerkom described a similar clinical syndrome in a
patient with acquired liver disease (Wilson’s cases were
familial), the most prominent lesions again consisting of
foci of neuronal degeneration in the striatum. Clinico-
pathologic studies of Huntington chorea—beginning
with those of Meynert (1871) and followed by those of

Table 4-3

Jelgersma (1908) and Alzheimer (1911)—related the
excessive movements and rigidity characteristic of the
disease to a loss of nerve cells in the striatum. In 1920,
Oskar and Cecile Vogt gave a detailed account of the neu-
ropathologic changes in several patients who had been
afflicted with choreoathetosis since early infancy; the
changes, which they described as a status fibrosus or sta-
tus dysmyelinatus, were confined to the caudate and len-
ticular nuclei. Surprisingly, it was not until 1919 that
Tretiakoff demonstrated the underlying cell loss of the
substantia nigra in cases of what was then called paralysis
agitans and is now known as Parkinson disease. Finally, a
series of observations, culminating with those of J. Pur-
don Martin and later of Mitchell and colleagues, related
hemiballismus to lesions in the subthalamic nucleus of
Luys and its immediate connections.

Another broad perspective on the result of focal damage
in the basal ganglia was afforded by Bhatia and Marsden,
who reviewed some 240 cases in which there were lesions
in the caudate, putamen, and globus pallidus associated
with movement abnormalities. Dystonia occurred in 36 per-
cent, chorea in 8 percent, parkinsonism in only 6 percent,
and dystonia-parkinsonism in 3 percent. Bilateral lesions of
the lenticular nuclei resulted in parkinsonism in 19 percent
and dystonia-parkinsonism in 6 percent. It is also notable
that a common persisting behavioral abnormality was abu-
lia (apathy and loss of initiative, spontaneous thought, and
emotional responsivity), in those with caudate lesions. The
deficiencies of this type of case analysis (i.e., the crudeness
of computed tomography studies and obtained without
regard to the temporal aspects of the clinical disorder), con-
ceded by the authors, are obvious. We find it surprising that
choreoathetosis was not more frequent. Needed, of course,
are detailed anatomic (postmortem) studies of cases in
which the disturbances of function were stable for many
months or years.

Table 4-3 summarizes the clinicopathologic correla-
tions of extrapyramidal movement disorders that are
accepted by most neurologists; it must be emphasized,
however, that there is still some uncertainty as to the
finer details.

CLINICOPATHOLOGIC CORRELATIONS OF EXTRAPYRAMIDAL MOVEMENT DISORDERS

SYMPTOMS

PRINCIPAL LOCATION OF MORBID ANATOMY

Unilateral plastic rigidity with rest tremor (Parkinson disease)
Unilatral hemiballismus and hemichorea

Chronic chorea of Huntington type
Athetosis and dystonia

Cerebellar incoordination, intention tremor, and hypotonia
Decerebrate rigidity, i.e., extension of arms and legs,
opisthotonos

Palatal and facial myoclonus (rhythmic)

Diffuse myoclonus

Contralateral substantia nigra plus (?) other mesencephalic structures

Contralateral subthalamic nucleus of Luys or luysial-pallidal
connections

Caudate nucleus and putamen

Contralateral striatum (pathology of dystonia musculorum deformans
unknown)

Ipsilateral cerebellar hemisphere; ipsilateral middle or inferior cerebellar
peduncle; brachium conjunctivum (ipsilateral if below decussation,
contralateral if above)

Usually bilateral in tegmentum of upper brainstem at level of red nucleus
or between red and vestibular nuclei

Ipsilateral central tegmental tract with denervation of inferior olivary
nucleus and nucleus ambiguus

Neuronal degeneration, usually diffuse or predominating in cerebral or
cerebellar cortex and dentate nuclei
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SYMPTOMS OF BASAL GANGLIA DISEASE

In broad terms, all motor disorders consist of certain func-
tional deficits (or negative symptoms) and, the opposite,
excessive motor activity (positive symptoms), the latter
being ascribed to the release or disinhibition of the activity
of undamaged parts of the motor nervous system. When
diseases of the basal ganglia are analyzed along these clas-
sic lines, bradykinesia, hypokinesia, and loss of normal pos-
tural reflexes stand out as the primary negative symptoms,
and tremor, rigidity, and involuntary movements, which con-
stitute a category of “dyskinesias” that include chorea,
athetosis, ballismus, and dystonia, as the positive ones.
Disorders of phonation, articulation, and locomotion are
more difficult to classify. In some instances they are clearly
a consequence of rigidity and postural disorders, whereas
in others, where rigidity is slight or negligible, they seem
to represent primary deficiencies. Stress and nervous ten-
sion characteristically worsen both the motor deficiency
and the abnormal movements in all extrapyramidal syn-
dromes, just as relaxation improves them. The specific
symptoms of basal ganglia disease are elaborated below.

Hypokinesia and Bradykinesia

The terms hypokinesia and akinesia (the extreme form) refer
to a reduction in the spontaneous movements of an affected
part and a failure to engage it freely in the natural actions of
the body. There is usually, in addition, slowness in the initi-
ation and execution of a movement. In contrast to what
occurs in paralysis (the primary symptom of corticospinal
tract lesions), strength is not significantly diminished. Also,
hypokinesia is unlike apraxia, in which a lesion erases the
memory of the pattern of movements necessary for an
intended act, leaving other actions intact. Clinically, the
phenomenon of hypokinesia is expressed most clearly in
the parkinsonian patient where it takes the form of an
extreme underactivity (poverty of movement). The fre-
quent automatic, habitual movements observed in the nor-
mal individual—such as putting the hand to the face,
folding the arms, or crossing the legs—are absent or greatly
reduced. In looking to one side, the eyes move, but not the
head. In arising from a chair, there is a failure to make the
usual small preliminary adjustments, such as pulling the
feet back, putting the hands on the arms of the chair, and so
forth. Blinking is infrequent. Saliva is not swallowed as
quickly as it is produced, and drooling results. The face
lacks expressive mobility (“masked facies,” or hypomimia).
Speech is rapid, mumbling (or “cluttered”), and monotonic,
and the voice is soft.

Bradykinesia, which connotes slowness rather than lack
of movement, is probably another aspect of the same
physiologic difficulty. Not only is the parkinsonian patient
slightly “slow off the mark” (displaying a longer-than-
normal interval between a command and the first contrac-
tion of muscle—i.e., increased reaction time), but the
velocity of movement, or the time from onset to comple-
tion of movement, is slower than normal. Hallett distin-
guishes between akinesia and bradykinesia, equating
akinesia with a prolonged reaction time and bradykinesia

with a prolonged time of execution, but he has conceded
that if bradykinesia is severe, it results in akinesia. This is
apparently not the result of slowness in formulating the
plan of movement, which nonetheless seems at times to be
another component of the parkinsonian syndromes. For a
time, bradykinesia was attributed to the frequently associ-
ated rigidity, which could reasonably hamper all move-
ments, but the incorrectness of this explanation became
apparent when it was discovered that an appropriately
placed stereotactic lesion in a patient with Parkinson dis-
ease may abolish rigidity while leaving the hypokinesia
unaltered. Thus it appears that apart from their contribu-
tion to the maintenance of posture, the basal ganglia pro-
vide an essential element for the performance of the large
variety of voluntary and semiautomatic actions required
for the full repertoire of natural human motility.

Hallett and Khoshbin, in an analysis of ballistic (rapid)
movements in the parkinsonian patient, found that the nor-
mal triphasic sequence of agonist-antagonist-agonist acti-
vation, as described in the next chapter, is intact but lacks
the energy (number of activated motor units) to complete
the movement. Several smaller triphasic sequences are then
needed, which slow the movement. The patient experiences
these phenomena as not only a slowness but also a type of
perceived weakness. That cells in the basal ganglia partici-
pate in the initiation of movement is also evident from the
fact that the firing rates in these neurons increase before
movement is detected clinically.

In terms of pathologic anatomy and physiology, bradyki-
nesia may be caused by any process or drug that interrupts
some component of the cortico-striato-pallido-thalamic cir-
cuit. Clinical examples include reduced dopaminergic input
from the substantia nigra to the striatum, as in Parkinson dis-
ease; dopamine receptor blockade by neuroleptic drugs;
extensive degeneration of striatal neurons, as in striatonigral
degeneration and the rigid form of Huntington chorea; and
destruction of the medial pallidum, as in Wilson and Haller-
vorden-Spatz diseases.

As illustrated in Fig. 4-4B, which gives a schematic rep-
resentation of the hypokinetic state of Parkinson disease,
changes in the cortico-striato-pallido-thalamic circuit (in
this case mainly the direct striatopallidal pathway) can be
interpreted in terms of altered neurochemical and resul-
tant physiologic connectivity within the basal ganglia. The
reciprocal situation, enhanced motor activity, is summa-
rized in the analogous diagram for Huntington disease
(Fig. 4-4C), in which a reduction in the activity of the indi-
rect striatopallidal pathway leads to enhanced excitatory
motor drive in the thalamocortical motor pathway:.

A number of other disorders of voluntary movement
may also be observed in patients with diseases of the basal
ganglia. A persistent voluntary contraction of hand mus-
cles, as in holding a pencil, may fail to be inhibited, so that
there is interference with the next willed movement. This
has been termed tonic innervation, or blocking, and may be
brought out by asking the patient to repetitively open and
close a fist or tap a finger. Attempts to perform an alternat-
ing sequence of movements may be blocked at one point,
or there may be a tendency for the voluntary movement to
adopt the frequency of a coexistent tremor (entrainment).
Muscles fatigue more readily on repeated activity.
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Disorders of Postural Fixation,
Equilibrium, and Righting

These deficits are also demonstrated most clearly in the
parkinsonian patient. The prevailing posture is one of
involuntary flexion of the trunk and limbs and of the neck.
Anticipatory and compensatory righting reflexes are also
manifestly impaired. This occurs early in the course of
progressive supranuclear palsy and later in Parkinson dis-
ease. The inability of the patient to make appropriate pos-
tural adjustments to tilting or falling and his inability to
move from the reclining to the standing position are
closely related phenomena. A gentle push on the patient’s
sternum or back may cause a fall or start a series of small
corrective steps that the patient cannot control (festina-
tion). These postural abnormalities are not attributable to
weakness or to defects in proprioceptive, labyrinthine, or
visual function, the principal forces that control the nor-
mal posture of the head and trunk.

Rigidity and Alterations in Muscle Tone

In the form of altered muscle tone known as rigidity, the
muscles are continuously or intermittently firm and tense.
Although brief periods of electromyographic silence can
be obtained in selected muscles by persistent attempts to
relax the limb, there is obviously a low threshold for invol-
untary sustained muscle contraction, and this is present
during most of the waking state, even when the patient
appears quiet and relaxed. In contrast to spasticity, the
increased resistance on passive movement that character-
izes rigidity is not preceded by an initial “free interval”
and has an even or uniform quality throughout the range
of movement of the limb, like that experienced in bending
a lead pipe or pulling a strand of toffee. The contrasting
terms clasp-knife for spasticity and lead-pipe for rigidity
have been aptly applied to the examiner’s physical per-
ception on attempting to smoothly manipulate the
patient’s limb through an arc of movement. The tendon
reflexes are not enhanced in the rigid limb as they are in
spasticity and, when released, the limb does not resume
its original position, as happens in spasticity.

Rigidity usually involves all muscle groups, both flexor
and extensor, but it tends to be more prominent in muscles
that maintain a flexed posture, i.e., in the flexor muscles of
trunk and limbs. It appears to be somewhat greater in the
large muscle groups, but this may be merely a matter of
muscle mass. Certainly the small muscles of the face and
tongue and even those of the larynx are often affected by
rigidity. Like spasticity, rigidity represents a lowered
threshold for synaptic excitation of spinal and cranial
motor neurons. It can be abolished by the extradural or
subarachnoid injection of a local anesthetic, and, as
claimed by Foerster many years ago, by posterior root sec-
tion, presumably by interrupting the afferent fibers of the
gamma loop. That this may not be an adequate explana-
tion has been suggested by recordings from muscle spin-
dles, which have failed to confirm that the spindles are
being overdriven. Concordant with the physical examina-
tion, in the electromyographic tracing, motor-unit activity
is more continuous in rigidity than in spasticity, persisting
even after apparent relaxation.

A special feature that may accompany rigidity, first
noted by Negro in 1901, is the cogwheel phenomenon. When
the hypertonic muscle is passively stretched, e.g., when
the hand is dorsiflexed, one encounters a rhythmically
interrupted, ratchet-like resistance. It has been written
repeatedly that this phenomenon represents an associated
tremor that, if not manifestly present, emerges faintly dur-
ing manipulation. In that case it would not be a funda-
mental property of rigidity and is found in many
tremulous states. However, numerous instances of severe
tremor with minimally perceptible cogwheeling, and the
opposite, suggest to us on clinical grounds that the phe-
nomenon may be more complex.

Rigidity is a prominent feature of many basal ganglionic
diseases, such as Parkinson disease, Wilson disease, stria-
tonigral degeneration (multiple system atrophy), progres-
sive supranuclear palsy, dystonia musculorum deformans
(all discussed in Chap. 39), intoxication with neuroleptic
drugs, and calcinosis of the basal ganglia (Fahr disease).
Rigidity is characteristically variable in degree. In some
patients with involuntary movements, particularly in
those with chorea or dystonia, the limbs may actually be
intermittently or persistently hypotonic.

Another distinctive type of variable resistance to pas-
sive movement is one in which the patient seems unable
to relax a group of muscles on request. When the limb
muscles are passively stretched, the patient appears to ac-
tively resist the movement (gegenhalten, paratonia, or oppo-
sitional resistance). Natural relaxation normally requires
concentration on the part of the patient. If there is inatten-
tiveness—as happens with diseases of the frontal lobes,
dementia, or other confusional states—this type of opposi-
tional resistance may raise a question of parkinsonian ri-
gidity. Actually, this is not a manifestation of basal ganglia
disorder per se but may indicate that the connections of
the basal ganglia to the frontal lobes are impaired. A simi-
lar difficulty in relaxation is observed normally in small
children. Also, not to be mistaken for rigidity or paratonia
is the “waxy flexibility” displayed by the psychotic-cata-
tonic patient when a limb placed in a suspended position
is maintained for minutes in the identical posture (flexibil-
itas cerea, see Chap. 58).

Involuntary Movements (Chorea,
Athetosis, Ballismus, Dystonia)

In deference to usual practice, these symptoms are
described separately, as though each represented a dis-
crete clinical phenomenon readily distinguishable from
the others. In reality, they usually occur together or blend
imperceptibly into each other and have many points of
clinical similarity. There are reasons to believe that they
have a common anatomic and physiologic basis although
several distinct sites in the brain have been implicated.
One must be mindful that chorea, athetosis, and dystonia
are symptoms and are not to be equated with disease enti-
ties that happen to incorporate one of these terms in their
names (e.g.,, Huntington chorea, dystonia musculorum
deformans). Here the discussion is limited to the symp-
toms. The diseases of which these symptoms are a part are
considered elsewhere, mainly in Chap. 39.
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Somewhat more ambiguous but in common clinical
use is the term dyskinesia. It encompasses all the active
movement phenomena that are a consequence of dis-
ease of the basal ganglia, usually implying an element
of dystonia, but it has also been used to refer more spe-
cifically to the undifferentiated excessive movements
that are induced in Parkinson patients at the peak of L-
dopa effect and to numerous dystonic and athetotic
movements that may follow the use of neuroleptic
drugs (“tardive dyskinesias”) that are elaborated in
Chaps. 6 and 43.

Chorea

Derived from the Greek word meaning “dance,” chorea
refers to involuntary arrhythmic movements of a forc-
ible, rapid, jerky type. These movements may be simple
or quite elaborate and of variable distribution. Although
the movements are purposeless, the patient may incor-
porate them into a deliberate act, as if to make them less
noticeable. When superimposed on voluntary actions,
they may assume an exaggerated and bizarre character.
Grimacing and peculiar respiratory sounds may be other
expressions of the disorder. Usually the movements are
discrete, but if very numerous, they become confluent and
then resemble athetosis, as described below. In moments
when the involuntary movements are held in abeyance,
volitional movements of normal strength are possible;
but they also tend to be excessively quick and poorly
sustained. The limbs are often slack or hypotonic and
because of this the knee jerks tend to be pendular; with
the patient sitting on the edge of the examining table and
the foot free of the floor, the leg swings back and forth
several times in response to a tap on the patellar tendon,
rather than once or twice, as it does normally. A choreic
movement may be superimposed on the reflex move-
ment, checking it in flight, so to speak, and giving rise to
the “hung-up” reflex.

The hypotonia in chorea as well as the pendular reflexes
may suggest a disturbance of cerebellar function. Lacking,
however, are “intention” tremor and true incoordination or
ataxia. In patients with hypernatremia and other metabolic
disorders, it may be necessary to distinguish chorea from
myoclonus. Chorea differs from myoclonus mainly with
respect to the speed of the movements; the myoclonic jerk
is much faster and may involve single muscles or part of a
muscle as well as groups of muscles. Failure to appreciate
these differences often results in an incorrect diagnosis.

Table 4-4 lists diseases characterized mainly by chorea.
Chorea is a major feature of Huntington disease (hereditary
or chronic chorea), in which the movements tend more typ-
ically to be choreoathetotic. Also, there is an inherited form
of chorea of childhood onset without dementia that has
been referred to as benign hereditary chorea. There may be
subtle additional ataxia of gait, as noted by Breedveld and
colleagues. Not infrequently, chorea has its onset in late life
without the other identifying features of Huntington dis-
ease. It is then referred to as senile chorea, a term that is
hardly helpful in understanding the process. Its relation to
Huntington chorea in any individual case is settled by
genetic testing. A number of far-less-common degenerative

Table 4-4

DISEASES CHARACTERIZED BY CHOREA

Inherited disorders
Huntington disease
Benign hereditary chorea
Neuroacanthocytosis
Dentatorubropallidoluysian atrophy
Wilson disease

Rheumatic chorea
Sydenham, chorea gravidarum

Drug-induced chorea
Neuroleptics (phenothiazines, haloperidol, and others)
Oral contraceptives
Phenytoin (occasionally other antiepileptic drugs)
Excess dosages of L-dopa and dopamine agonist medications
Cocaine

Chorea symptomatic of systemic disease
Lupus erythematosus
Antiphospholipid antibodies
Thyrotoxicosis
Polycythemia vera
Hyperosmolar, nonketotic hyperglycemia
Toxoplasmosis in AIDS
Paraneoplastic, often with other movements
Hemichorea
Stroke
Tumor
Vascular malformation

conditions are associated with chorea, among them denta-
torubropallidoluysian atrophy and a form of chorea associ-
ated with acanthocytosis of red blood cells. These are
discussed in Chap. 39.

Typical choreic movements are the dominant feature
of Sydenham chorea and of the variety of that disease
associated with pregnancy (chorea gravidarum), disor-
ders that are related through some immune mechanism
to streptococcal infection. Striatal abnormalities have
been demonstrated by MRI; they are usually transient
and rarely persistent (Emery and Vieco). It is perhaps
not surprising that antibodies directed against cells of the
basal ganglia have been detected in both acute and late
Sydenham chorea (Church et al). Following from the
connection to streptococcal infection and the detection
of these antibodies, it has been suggested in recent years
that the spectrum of poststreptococcal disorders can be
extended to tic and obsessive-compulsive behavior in
children. In these cases the neurologic problems are said
to arise suddenly, subside, and return with future strep-
tococcal infections, as discussed in Chap. 6.

The chronic administration of phenothiazine drugs or
haloperidol (or an idiosyncratic reaction to these drugs) is
a common cause of extrapyramidal movement disorders
of all types, including chorea; these may become manifest
during use of the drug or in a delayed “tardive” fashion,
as already mentioned. Excess dopamine administration in
advanced Parkinson disease is perhaps the most common
cause of a choreiform dyskinesia in practice, but the
movements tend to be more complex and continuous than
those seen in chorea.

The use of oral contraceptives sometimes elicits chorea
in an otherwise healthy young woman, but the majority of
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such patients have underlying systemic lupus erythema-
tosus and antiphospholipid antibodies. Whether the cho-
rea (usually unilateral) is the result of a small infarction
(as suggested by the a mild hemiparesis on the affected
side) or is an immunologic condition is not settled. The
reemergence of chorea in these circumstances as steroids
are withdrawn or birth control pills are introduced sug-
gests a more complex process than simply a small, deep
infarction—perhaps something akin to Sydenham chorea.
Also, only about one-third of cases involve a stroke, and
some have demonstrated hypermetabolism of the basal
ganglia, as in Sydenham chorea. A connection between
hemichorea and the antiphospholipid syndrome alone,
without lupus, is more tenuous.

The use of phenytoin or other anticonvulsant drugs
causes chorea in sensitive individuals. A transitory chorea
may occur in the course of an acute metabolic derange-
ment, mainly with hyperosmolar hyperglycemia, hypogly-
cemia, or hyponatremia.

Rarely, chorea complicates hyperthyroidism, polycythe-
mia vera, lupus erythematosus or other forms of cerebral
arteritis. AIDS has emerged as a cause of a number of sub-
acutely progressive movement disorders that are initially
asymmetrical. The usual associations in AIDS have been
with focal lesions in or near the basal ganglionic structures
such as toxoplasmosis, progressive multifocal leukoen-
cephalopathy, and lymphoma, but a number of instances
are not explained by any of these focal lesions. An inher-
ited chorea with acanthocytosis of red blood cells has been
well described, but the nature of the lesions of the basal
ganglia is unknown (Chap. 39). A paraneoplastic variety
may combine several aspects of chorea with athetosis and
ballismus or dystonia; inflammatory lesions are found in
the striatum (Chap. 31).

Chorea may be limited to one side of the body (hemicho-
rea). When the involuntary movements involve proximal
limb muscles and are of wide range and flinging in nature,
the condition is called hemiballismus (see further on). A
cerebral infarction is the usual cause. A number of rare
paroxysmal kinesigenic disorders, discussed later in this
chapter, may have a choreic component.

The review by Piccolo and colleagues puts the fre-
quency of the various causes of chorea in perspective. Of
consecutive neurologic admissions to two general hospi-
tals they identified 23 cases of chorea, of which 5 were
drug-induced, 5 were AIDS-related, and 6 were caused by
stroke. Sydenham chorea and arteritis were each found in
1 case. In 4 cases no cause could be determined, and 1 case
proved to be Huntington disease.

The precise anatomic basis of chorea is uncertain or at
least inconsistent. In Huntington chorea, there are obvious
lesions in the caudate nucleus and putamen. Yet one often
observes vascular lesions in these parts without chorea. The
localization of lesions in Sydenham chorea and other cho-
reic diseases has not been determined beyond a generalized
disturbance in the striatum, which is evident on some
imaging studies. It is of interest that in instances of chorea
related to acute metabolic disturbances, there are some-
times small infarctions in the basal ganglia or metabolic
changes in the lenticular nucleus, as shown by imaging
studies. One suspects from their close clinical similarity that

chorea and hemiballismus relate to disorders of the same
system of neurons; however, the subthalamic nucleus, the
region typically implicated in ballismus, is affected only
slightly in Huntington chorea and, on the other hand, tran-
sient chorea or ballismus arises from infarctions in any part
of the striatum on the side opposite to the movement, par-
ticularly in the caudate.

Athetosis

This term stems from a Greek word meaning “unfixed”
or “changeable.” The condition is characterized by an
inability to sustain the fingers and toes, tongue, or any
other part of the body in one position. The maintained
posture is interrupted by relatively slow, sinuous, pur-
poseless movements that have a tendency to flow into
one another. As a rule, the abnormal movements are
most pronounced in the digits and hands, face, tongue,
and throat, but no group of muscles is spared. One can
detect as the basic patterns of movement an alternation
between extension—pronation and flexion—supination of
the arm and between flexion and extension of the fingers,
the flexed and adducted thumb being trapped by the
flexed fingers as the hand closes. Other characteristic move-
ments are eversion—inversion of the foot, retraction and
pursing of the lips, twisting of the neck and torso, and
alternate wrinkling and relaxation of the forehead or
forceful opening and closing of the eyelids. The move-
ments appear to be slower than those of chorea, but all
gradations between the two are seen; in some cases, it is
impossible to distinguish between them, hence the term
choreoathetosis. Discrete voluntary movements of the hand
are executed more slowly than normal, and attempts to
perform them may result in a cocontraction of antagonis-
tic muscles and a spread (overflow) of contraction to
muscles not normally required in the movement (inten-
tion spasm). The overflow appears related to a failure of
the striatum to suppress the activity of unwanted muscle
groups. Like polymyoclonus (see Chap. 6), some forms
of athetosis occur only during the performance of pro-
jected movement (intention or action athetosis). In other
forms, the spasms appear to occur spontaneously, i.e.,
they are involuntary and, if persistent, give rise to more
or less fixed dystonic postures, as described by Yanag-
isawa and Goto.

Athetosis may affect all four limbs or may be unilateral,
especially in children who have suffered a hemiplegia at
some previous time (posthemiplegic athetosis). Many athe-
totic patients exhibit variable degrees of rigidity and
motor deficit as a result of associated corticospinal tract
disease; these may account for the slower quality of athe-
tosis compared to chorea. In other patients with general-
ized choreoathetosis, as pointed out above, the limbs may
be intermittently hypotonic.

The combination of athetosis and chorea of all four limbs
is a cardinal feature of Huntington disease and of a state
known as double athetosis, which begins in childhood. Athe-
tosis appearing in the first years of life is usually the result
of a congenital or postnatal condition such as hypoxia or,
rarely, kernicterus. Postmortem examinations in some of
the cases have disclosed a unique pathologic change of
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probable hypoxic etiology, status marmoratus, in the stria-
tum (Chap. 38). In other cases, of probable kernicteric
(hyperbilirubinemic) etiology, there has been a loss of nerve
cells and myelinated fibers—a status dysmyelinatus—in the
same regions. In adults, athetosis may occur as an episodic
or persistent disorder in hepatic encephalopathy, as a mani-
festation of chronic intoxication with phenothiazines or hal-
operidol, and as a feature of certain degenerative diseases,
most notably Huntington chorea but also Wilson disease,
Hallervorden-Spatz disease, Leigh disease, and other mito-
chondrial disease variants; less frequently athetosis may be
seen with Niemann-Pick (type C) disease, Kufs disease,
neuroacanthocytosis, and ataxia telangiectasia. It may also
occur as an effect of excessive L-dopa in the treatment of
Parkinson disease, in which case it appears to be caused by
a decrease in the activity of the subthalamic nucleus and the
medial segment of the globus pallidus (Mitchell et al).
Athetosis, usually in combination with chorea, may occur
rarely in patients with AIDS and in those taking anticonvul-
sants. Localized forms of athetosis may occasionally follow
vascular lesions of the lenticular nucleus or thalamus, as in
the cases described by Dooling and Adams.

Ballismus

This term designates an uncontrollable, poorly patterned
flinging movement of an entire limb. As remarked earlier, it
is closely related to chorea and athetosis, indicated by the
frequent coexistence of these movement abnormalities and
the tendency for ballismus to blend into a less-obtrusive
choreoathetosis of the distal parts of the affected limb. Bal-
listic movements are usually unilateral (hemiballismus) and
the result of an acute lesion of the contralateral subthalamic
nucleus or immediately surrounding structures (infarction
or hemorrhage, rarely a demyelinative or other lesion).
Rarely, a transitory form is linked to a subdural hematoma
or thalamic or parietal lesion. The flinging movements may
be almost continuous or intermittent, occurring several
times a minute, and of such dramatic appearance that it is
not unusual for them to be regarded as hysterical in nature.

Bilateral ballismus is very infrequent and usually asym-
metrical; here a metabolic disturbance, particularly nonke-
totic hyperosmolar coma, is the usual cause. When this is
found in combination with choreoathetosis, a paraneo-
plastic process is a rare cause.

When ballismus persists for weeks on end, as it often did
before effective treatment became available, the continuous
forceful movements can result in exhaustion and even
death. In most cases, medication with haloperidol or phe-
nothiazine suppresses the violent movements. In extreme
cases, stereotactic lesions or implanted stimulating elec-
trodes placed in the ventrolateral thalamus and zona
incerta have proved effective (Krauss and Mundinger).

Dystonia (See Chap. 6 for a discussion of focal dystonias.)

Dystonia is an unnatural posture that incorporates an athe-
toid movement. It can be viewed as the position taken by a
body part at one or the other extreme of an athetoid excur-
sion. A central feature is involuntary cocontraction of ago-
nist and antagonist muscles that places the limb in a

twisted position. Dystonia may take the form of an overex-
tension or overflexion of the hand, inversion of the foot, lat-
eral flexion or retroflexion of the head, torsion of the spine
with arching and twisting of the back, forceful closure of
the eyes, or a fixed grimace (Fig. 4-5; see also Fig. 6-2).

Dystonia, like athetosis, may vary considerably in
severity and may show striking fluctuations in individual
patients. In its early stages it may be interpreted as an
annoying mannerism or hysteria, and only later, in the
face of persisting postural abnormality, lack of the usual
psychologic features of hysteria, and the emerging charac-
ter of the illness, is the correct diagnosis made. Dystonia
may be limited to the facial, cervical, or trunk muscles or
to those of one limb, and it may cease when the body is in
repose and during sleep. Severe instances result in gro-
tesque movements and distorted positions of the body;
sometimes the whole musculature seems to be thrown
into spasm by an effort to move an arm or to speak.

Causes of Generalized Dystonia Generalized dystonia is
seen in its most pronounced form as an uncommon herita-
ble disease, dystonia musculorum deformans, which is
associated with a specific mutation in the DYT gene. It
was in relation to this disease that Oppenheim and Vogt,
in 1911, introduced the term dystonia. Dystonia also occurs
as a manifestation of many other diseases, each of which is
characteristic of a certain age group. These include double
athetosis caused by hypoxic damage to the fetal or neona-
tal brain, kernicterus, Hallervorden-Spatz disease, Hun-
tington disease, Wilson hepatolenticular degeneration,
Parkinson disease, lysosomal storage diseases, striatopal-
lidodentatal calcification (sometimes caused by hypopara-
thyroidism), thyroid disease, and exposure to neuroleptic
drugs, as discussed below.

Widespread torsion spasm may also be a prominent fea-
ture of certain rare heredodegenerative disorders, such as
familial striatal necrosis with affection of the optic nerves
and other parts of the nervous system (Marsden et al,
Novotny et al). A distinct subset of patients with an idio-
pathic dystonia (described by Nygaard et al and discussed
in Chap. 39) has responded to extremely small doses of L-
dopa. The disease is familial, usually autosomal domi-
nant, and the dystonia-athetosis may be combined with
elements of parkinsonism. Marked diurnal fluctuation of
symptoms is characteristic. This process, goes by a num-
ber of names, including L-dopa—responsive dystonia and Seg-
awa disease. Another rare hereditary dystonia that has its
onset in adolescence or early adulthood is of interest
because of the rapid evolution, at times within an hour
but more often over days, of severe dystonic spasms, dys-
arthria, dysphagia, and postural instability with bradyki-
nesia, which may follow (Dobyns et al). A few cases have
followed a febrile episode. The disorder is termed rapid-
onset dystonia-parkinsonism. It is our understanding that
the features of rapid-onset dystonia-parkinsonism are
mild and not responsive to L-dopa. Chapter 39 discusses
these hereditary forms of dystonia.

The most frequent cause of acute generalized dystonic
reactions is exposure to the class of neuroleptic drugs—
phenothiazines, butyrophenones, or metoclopramide—
and even with the newer agents such as olanzapine,
which has the advantage of producing these side effects
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Figure 4-5. A. Characteristic dystonic deformities in a young boy with dystonia musculorum deformans. B. Sporadic instance of severe axial
dystonia with onset in adult life. C. Incapacitating postural deformity in a young man with dystonia. (Photos courtesy of Dr. LS. Cooper and Dr.

Joseph M. Waltz.)

less frequently than the others. A characteristic, almost
diagnostic, example of the drug-induced dystonias con-
sists of retrocollis (forced extension of the neck), arching of
the back, internal rotation of the arms, and extension of
the elbows and wrists—together simulating opisthotonos.
These reactions respond to some extent to diphenhydra-
mine or benztropine given two or three times in 24 to 48 h.
L-Dopa, calcium channel blockers, and a number of anti-
convulsants and anxiolytics are among a long list of other
medications that may on occasion induce dystonia, the
various causes of which are listed in Table 4-5. The acute
dystonic drug reactions are idiosyncratic and not as com-
mon as the “tardive dyskinesias” that may follow long-
standing use or the withdrawal of a medication.

Finally, a peculiar and dramatic spasm of a limb or the
entire body may be seen in patients with multiple sclero-
sis. The movements have aspects of dystonia and may be
provoked by hyperventilation but they may not be,
strictly speaking, dystonic. In our experience, they are
most likely to occur in patients with large demyelinative
lesions of the cervical spinal cord.

Restricted or fragmentary forms of dystonia are the
types most commonly encountered in clinical practice.

Characteristically the spasms involve only the orbicularis
oculi and face or mandibular muscles (blepharospasm-
oromandibular dystonia), tongue, cervical muscles (spas-
modic torticollis), hand (writer’s cramp), or foot. These
are described more fully in Chaps. 6 and 39.

Hemidystonia represents an unusual form of acquired
movement that, in our experience, is rarely pure. In an
analysis of 33 of their own cases and 157 previously pub-
lished ones, Chuang and colleagues found stroke, mainly
in the opposite putamen, to be most often responsible.
Traumatic and perinatal damage accounted for several
cases and a large proportion had no lesions found by
imaging tests. In the former, there was a delay of several
years between the injury and the start of the movements;
these authors also commented on the resistance of this
syndrome to drug treatment.

Treatment

All manner of drugs have been used to treat idiopathic
chronic generalized dystonia, with a notable lack of success.
However, Fahn has reported beneficial effects (more so in
children than in adults) with the anticholinergic agents tri-
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Table 4-5

DISEASES CHARACTERIZED BY DYSTONIA

Hereditary and degenerative dystonias

Huntington chorea

Dystonia musculorum deformans (recessive and autosomal
dominant forms)

Juvenile dystonia—Parkinson syndrome (L-dopa-responsive)

Dystonia with other heredodegenerative disorders (neural
deafness, striatal necrosis with optic nerve affection,
paraplegic amyotrophy)

Focal dystonias and occupational spasms (see Chap. 6), some
of which are allied with hereditary torsion dystonia

Parkinson disease (occasional)

Progressive supranuclear palsy

Drug-induced dystonias
Acute and chronic phenothiazine, haloperidol, and other
neuroleptic intoxication
L-Dopa excess in Parkinson disease

Symptomatic (secondary) dystonias
Wilson disease
Double athetosis (cerebral palsy) caused by cerebral hypoxia
Kernicterus
Acquired hepatocerebral degeneration
AIDS
Lysosomal storage diseases
Multiple sclerosis with cord lesion
Paraneoplastic striatopallidodentatal calcification (Fahr disease)
Toxic necrosis of lenticular nuclei (e.g., methanol) can be
delayed

Idiopathic focal dystonias
Spasmodic torticollis
Blepharospasm
Hemifacial spasm
Oromandibular dystonia
Spasmodic dysphonia
Writer’s cramp and other occupational spasms

hexyphenidyl (Artane) and ethopropazine given in massive
amounts—which are achieved by increasing the dosage very
gradually. The drug-induced tardive dyskinesias require
specialized treatment, as described in Chaps. 6 and 42. Rein-
stitution of the offending drug or anticholinergic agents is
often tried. Tetrabenazine, a centrally active monoamine-
depleting agent, is effective but not readily available. The
acute dystonic drug reactions are treated as noted above.

Stereotactic surgery on the pallidum and ventrolateral
thalamus, a treatment introduced by Cooper in the middle
of the last century, had given generally positive but unpre-
dictable results. In recent years there has been a renewed
interest in a derivative of this form of treatment, deep
brain stimulation (see Chap. 39). In a controlled trial,
Vidailhet and colleagues demonstrated the effectiveness
of this approach by stimulating the posteroventral globus
pallidus bilaterally. Their patients had an average im-
provement of 50 percent on most scores of dystonic move-
ment over 1 year. Increasingly, this is the method resorted
to in cases of severe generalized dystonia.

In the focal dystonias, the most effective treatment has
proved to be the periodic injection of botulinum toxin into
the affected muscles as discussed in Chap. 6.

Paroxysmal Choreoathetosis and Dystonia

Under the names paroxysmal kinesigenic dyskinesia, familial
paroxysmal choreoathetosis, and periodic dystonia, among oth-

ers, are a number of uncommon sporadic or familial disor-
der characterized by paroxysmal attacks of choreoathetotic
movements or dystonic spasms of the limbs and trunk.
Both children and young adults are affected.

There are three main forms of familial paroxysmal
choreoathetosis. One, which has an autosomal domi-
nant (less often recessive) pattern of inheritance and a
tendency to affect males, begins in adolescence or ear-
lier. It is characterized by numerous brief (several min-
utes) attacks of choreoathetosis provoked by startle,
sudden movement, or hyperventilation—hence the title
paroxysmal kinesigenic choreoathetosis. There may be many
dozens of attacks per day or occasional ones. This dis-
order responds well to anticonvulsant medication, par-
ticularly to phenytoin and carbamazepine.

In a second type, such as those originally described
by Mount and Reback and subsequently by Lance and
by Plant et al, the attacks take the form of persistent (5
min to 4 h) dystonic spasms and reportedly have been
precipitated by the ingestion of alcohol or coffee or by
fatigue but not by movement per se (nonkinesigenic
type). The attacks may be predominantly one-sided or
bilateral. This form of the disease is inherited as an
autosomal dominant trait; a few families have displayed
diplopia and spasticity and others have shown a famil-
ial tendency to infantile convulsions (each of these
types has a different causative gene). Attacks may occur
every several days or be separated by years. A favor-
able response to benzodiazepines (clonazepam) has
been reported, even when the drug is given on alternate
days (Kurlan and Shoulson).

A third type, formerly thought to be a variant of the
Mount-Reback type mentioned above, is precipitated by
prolonged exercise. In addition to a response to benzodi-
azepines, it has the unique characteristic of improving
with acetazolamide.

Because of their paroxysmal nature and the response
(of the kinesigenic type) to antiepileptic drugs, these
familial disorders had in the past been thought to repre-
sent seizures originating in the basal ganglia. Whether the
conventional notions of synchronous neuronal activity
generating a seizure are even applicable to the basal gan-
glia seems doubtful. Consciousness is not lost and the
electroencephalogram is normal during an attack of
choreoathetosis, arguing against an epileptic discharge in
any case.

More common than these familial dyskinesias are spo-
radic cases and those secondary to focal brain lesions, such
as the ones reported by Demirkirian and Jankovic. They
classify the acquired paroxysmal dyskinesias according to
the duration of each attack and the event or activity that
precipitates the abnormal movements (kinesigenic, nonki-
nesigenic, exertional, or hypnagogic). As with the familial
cases, the acquired kinesigenically induced movements
often improve with anticonvulsants; others respond better
to clonazepam.

Some intermittent dyskinesias are an expression of a
neurologic or metabolic disease. They may follow inju-
ries such as stroke, trauma, encephalitis, perinatal
anoxia, multiple sclerosis, hypoparathyroidism, or thy-
rotoxicosis, and in cases of nonketotic hyperosmolarity.
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The most severe instances in our experience have been
because of multiple sclerosis and, in a few recent cases,
to HIV, as a result of toxoplasmosis, lymphoma, or pre-
sumed encephalitis caused by the retrovirus itself.
These patients were relatively unresponsive to medica-
tions. Also, it should be recalled that oculogyric crises
and other nonepileptic spasms have occurred episodi-
cally in patients with postencephalitic parkinsonism;
these phenomena are now seen with acute and chronic
phenothiazine intoxication and with Niemann-Pick dis-
ease (type C).

The Fundamental Identity of Chorea,
Athetosis, and Dystonia

It must be evident from the foregoing descriptions that the
distinctions between chorea and athetosis are probably
not fundamental. Even their most prominent differ-
ences—the discreteness and rapidity of choreic move-
ments and the slowness and confluence of athetotic
ones—are more apparent than real. As pointed out by
Kinnier Wilson, involuntary movements may follow one
another in such rapid succession that they become conflu-
ent and therefore appear to be slow. In practice, one finds
that the patient with relatively slow, confluent movements
also shows discrete, rapid ones, and vice versa, and that
many patients with chorea and athetosis also exhibit the
persistent disorder of movement and posture that is gen-
erally designated as dystonia.

In a similar way, no meaningful distinction except one
of degree can be made between chorea, athetosis, and bal-
lismus. Particularly forceful movements of large ampli-
tude (ballismus) are observed in certain patients with
Sydenham and Huntington chorea who, according to tra-
ditional teaching, exemplify pure forms of chorea and
athetosis. The close relationship between these involun-
tary movements is illustrated by the patient with hemibal-
lismus who, upon recovery, shows only choreoathetotic
flexion—extension movements.

All disorders of movement caused by lesions of the extra-
pyramidal system have certain other attributes in common.
The abnormalities of movement are superimposed on rela-
tively intact praxic and voluntary movements, implying
integrity of the cerebral control of the corticospinal systems.
However, a role for the basal ganglia in cognitive function
and abnormal behavior is hinted at provocatively in Parkin-
son disease, progressive supranuclear palsy, Tourette syn-
drome, and other processes, as summarized by Ring and
Serra-Mestres. A certain slowness in thinking was alluded
to earlier, but it is inconsistent. Again, it would be an over-
simplification to assign primary importance to the presence
of depression, dementia, psychosis, and other disturbances
in disease of the basal ganglia or to view changes in these
structures as proximate causes of obsessive-compulsive and
other behavioral disorders, but rather some role as part of a
larger circuitry is likely. All that can be stated is that the
basal ganglia modulate complex behavior, but the precise
nature of their effect is not known at this time.
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Incoordination and Other Disorders
of Cerebellar Function

The cerebellum, principally a motor organ, is responsible
for the coordination of movements, especially skilled vol-
untary ones, the control of posture and gait, and the regu-
lation of muscular tone. In the last decade it has come to
be appreciated that the cerebellum may play a role in the
modulation of the emotional state and some aspects of
cognition. The mechanisms by which these functions are
accomplished have been the subject of intense investiga-
tion by anatomists and physiologists. Their studies have
yielded a mass of data, testimony to the complexity of the
organization of the cerebellum and its afferent and effer-
ent connections. A coherent picture of cerebellar function
is now emerging, although it is not yet possible, with a
few notable exceptions, to relate each of the symptoms of
cerebellar disease to a derangement of a discrete anatomic
or functional unit of the cerebellum.

Knowledge of cerebellar function has been derived
mainly from the study of natural and experimental abla-
tive lesions and to a lesser extent from stimulation of the
cerebellum, which actually produces little in the way of
movement or alterations of induced movement. Further-
more, none of the motor activities of the cerebellum
reaches conscious kinesthetic perception; its main role, a
critical one, is to assist in the initiation and modulation of
willed movements that are generated in the cerebral hemi-
spheres. The following discussion of cerebellar structure
and function has, of necessity, been simplified; a fuller
account can be found in the writings of Jansen and Brodal,
of Gilman, and of Thach and colleagues.

ANATOMIC AND PHYSIOLOGIC
CONSIDERATIONS

The classic studies of the comparative anatomy and fiber
connections of the cerebellum led to its subdivision into
three parts (Fig. 5-1): (1) The flocculonodular lobe, located
inferiorly, which is phylogenetically the oldest portion of
the cerebellum and is much the same in all animals (hence
archicerebellum). It is separated from the main mass of the
cerebellum, or corpus cerebelli, by the posterolateral fis-
sure. (2) The anterior lobe, or paleocerebellum, which is the
portion of the corpus cerebelli rostral to the primary fissure.
In lower animals, the anterior lobe constitutes most of the
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cerebellum, but in humans it is relatively small, consisting
of the anterosuperior vermis and the contiguous paraver-
mian cortex. (3) The posterior lobe, or neocerebellum, consist-
ing of the middle divisions of the vermis and their large
lateral extensions. The major portions of the human cerebel-
lar hemispheres fall into this, the largest, subdivision.

This anatomic subdivision corresponds roughly with
the distribution of cerebellar function based on the
arrangement of its afferent fiber connections. The floccu-
lonodular lobe receives special proprioceptive impulses
from the vestibular nuclei and is therefore also referred to
as the vestibulocerebellum; it is concerned essentially with
equilibrium. The anterior vermis and part of the posterior
vermis are referred to as the spinocerebellum, since projec-
tions to these parts derive to a large extent from the pro-
prioceptors of muscles and tendons in the limbs and are
conveyed to the cerebellum in the dorsal spinocerebellar
tract (from the lower limbs) and the ventral spinocerebellar
tract (upper limbs). The main influence of the spinocere-
bellum appears to be on posture and muscle tone. The
neocerebellum derives its afferent fibers indirectly from
the cerebral cortex via the pontine nuclei and brachium
pontis, hence the designation pontocerebellum; this portion
of the cerebellum is concerned primarily with the coordi-
nation of skilled movements that are initiated at a cerebral
cortical level. These divisions are necessarily incomplete,
because it is now appreciated that certain portions of the
cerebellar hemispheres are also involved to some extent in
tactual, visual, auditory, and even visceral functions.

Largely on the basis of ablation experiments in animals,
three characteristic patterns corresponding to these major
divisions of the cerebellum have been delineated. These con-
stellations of physiologic changes find some similarities in
the clinical syndromes that are observed when various parts
of the cerebellum are damaged but different terminology is
applied to the findings in patients. Lesions of the nodulus
and flocculus have been associated with a disturbance of
equilibrium and frequently with a positional nystagmus;
individual movements of the limbs are not affected. Anterior
lobe ablation in primates results in increased shortening and
lengthening reactions, somewhat increased tendon reflexes,
and an exaggeration of the postural reflexes, particularly the
“positive supporting reflex,” in animals, which consists of an
extension of the limb in response to light pressure on the foot
pad. Ablation of a cerebellar hemisphere in cats and dogs
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Figure 5-1. Diagram of the cerebellum, illus-
trating the major fissures, lobes, and lobules
and the major phylogenetic divisions (left
labels).

yields inconsistent results, but in monkeys it causes hypoto-
nia and clumsiness of the ipsilateral limbs; if the dentate
nucleus is included in the hemispheric ablation, these abnor-
malities are more enduring and the limbs also show an ataxic
or “intention” tremor.

As one might expect, cerebellar function and structure are
hardly as simple or precise as the preceding outline suggests.
The studies of Chambers and Sprague and of Jansen and
Brodal indicate that in respect to both its afferent and efferent
projections, the cerebellum is organized into longitudinal
(sagittal) rather than transverse zones. There are three longi-
tudinal zones—the vermian, paravermian or intermediate,
and lateral—and there seems to be considerable overlapping
from one to another. Chambers and Sprague, on the basis of
their investigations in cats, concluded that the vermian zone
coordinates movements of the eyes and body with respect to
gravity and movement of the head in space. The intermedi-
ate zone, which receives both peripheral and central projec-
tions (from motor cortex), influences postural tone and also
individual movements of the ipsilateral limbs. The lateral
zone is concerned mainly with coordination of movements
of the ipsilateral limbs but is also involved in other functions.

The efferent fibers of the cerebellar cortex, which consist
essentially of the axons of Purkinje cells, project onto the
deep cerebellar nuclei (see below). The projections from
Purkinje cells are inhibitory whereas those from the nuclei
are excitatory on other parts of the motor nervous system.
According to the scheme of Jansen and Brodal, cells of the
vermis project mainly to the fastigial nucleus; those of the
intermediate zone, to the globose and emboliform nuclei
(represented by the interpositus nucleus in animals); and
those of the lateral zone, to the dentate nucleus. The deep
cerebellar nuclei, in turn, project to the cerebral cortex and
certain brainstem nuclei via two main pathways: fibers from
the dentate, emboliform, and globose nuclei form the supe-
rior cerebellar peduncle, enter the upper pontine tegmentum
as the brachium conjunctivum, decussate the level of the
inferior colliculus, and ascend to the ventrolateral nucleus of
the thalamus and, to a lesser extent, to the intralaminar tha-
lamic nuclei (Fig. 5-2). Some of the ascending fibers, soon

Posterolateral fissure
Nodulus

Paraflocculus

after their decussation, synapse in the red nucleus, but most
of them traverse this nucleus without terminating. Ventral
thalamic nuclear groups that receive these ascending efferent
fibers project to the supplementary motor cortex of that side.
Since the pathway from the cerebellar nuclei to the thalamus
and then on to the motor cortex is crossed and the connection
from the motor cortex through the corticospinal is again
crossed, the effects of a lesion in one cerebellar hemisphere are man-
ifested by signs on the ipsilateral side of the body.

One pathway forms a loop, called the Mollaret triangle,
that is of clinical interest. A small group of fibers of the
superior cerebellar peduncle, following their decussation,
descend in the ventromedial tegmentum of the brainstem
via the central tegmental fasciculus and terminate in the
reticulotegmental and paramedian reticular nuclei of the
pons and inferior olivary nuclei of the medulla. These
nuclei, in turn, project via the inferior cerebellar peduncle to
the cerebellum, mainly the anterior lobe, thus completing a
cerebellar—reticular—cerebellar feedback system (Fig. 5-3).

The fastigial nucleus sends fibers to the vestibular nuclei of
both sides and, to a lesser extent, to other nuclei of the reticu-
lar formation of the pons and medulla. There are also direct
fiber connections with the alpha and gamma motor neurons
of the spinal cord. The inferior olivary nuclei project via the
restiform body (inferior cerebellar peduncle) to the contralat-
eral cerebellar cortex and corresponding parts of the deep
cerebellar nuclei. Thus the cerebellum influences motor
activity through its connections with the motor cortex and
brainstem nuclei and their descending motor pathways.
Chapter 4 details the integration at the thalamic level of basal
ganglionic influences with those of the cerebellum.

Clinicopathologic observations indicate that the cerebellar
cortex, and the anterior lobe in particular, is organized soma-
totopically. This view has been amply confirmed experimen-
tally by mapping of evoked potentials from the cerebellar
cortex elicited by a variety of sensory stimuli, and an analysis
of the motor effects produced by stimulation of specific parts
of the cerebellar cortex. The topographic sensory representa-
tion of body parts based on these experimental observations
is assumed to be similar to the motor map but is probably
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not as distinct. The similarity between this scheme and the
one derived from the study of human disease becomes
apparent when one considers the results of cerebellar lesions
discussed further on. Diffuse degenerations of the cerebel-
lum, of course, have widespread effects, including motor,
articulatory, gait and eye movements, and subtle behavioral
influences.

Role of the Deep Cerebellar Nuclei

The physiologic studies of Allen and Tsukahara and of Th-
ach and colleagues have greatly increased our knowledge
of the role of the deep cerebellar nuclei. These investiga-
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Midbrain

Ventral tegmental decussation

Decussation of superior cerebellar peduncle

Cerebellotegmental and cerebellorubral tract

Superior cerebellar peduncle

Emboliform
Cerebellar nuclei
Dentate

Figure 5-2. Cerebellar projections to
the red nucleus, thalamus, and cere-
bral cortex. (Adapted by permission
from House EL et al: A Systematic
Approach to Neuroscience, 3rd ed. New
York, McGraw-Hill, 1979.)

tors studied the effects of cooling the deep nuclei during a
projected movement in the macaque monkey. Their obser-
vations, coupled with established anatomic data, permit
the following conclusions. The dentate nucleus receives in-
formation from the premotor and supplementary motor
cortices via the pontocerebellar system and helps to ini-
tiate volitional movements. The latter are accomplished
via efferent projections from the dentate nucleus to the
ventrolateral thalamus and motor cortex. The dentatal
neurons were shown to fire just before the onset of voli-
tional movements, and inactivation of the dentatal neu-
rons delayed the initiation of such movements. The
interpositus nucleus also receives cerebrocortical projec-
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tions via the pontocerebellar system; in addition, it re-
ceives spinocerebellar projections via the intermediate
zone of the cerebellar cortex. The latter projections convey
information from Golgi tendon organs, muscle spindles,
cutaneous afferents, and spinal cord interneurons in-
volved in movement. The interpositus nucleus fires in
relation to a movement once it has started. Also, the pre-
positus nucleus appears to be responsible for making voli-
tional oscillations (alternating movements). Its cells fire in
tandem with these actions, and their regularity and ampli-
tude are impaired when these cells are inactivated. In ad-
dition, Thach has pointed out that the nucleus interpositus
normally damps physiologic tremor; he has suggested
that this may play a part in the genesis of so-called inten-
tion tremor described further on. The fastigial nucleus con-
trols antigravity and other muscle synergies in standing
and walking; ablation of this nucleus greatly impairs these
motor activities.

Neuronal Organization of the Cerebellar Cortex

Coordinated and fluid movements of the limbs and trunk
result from a neuronal organization in the cerebellum,
which permits an ongoing and almost instantaneous com-
parison between desired and actual movements while the
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latter are being carried out. An enormous number of neu-
rons are committed to these tasks, as attested by the fact
that the cerebellum contributes only 10 percent to the total
weight and volume of the brain but contains half of the
brain’s neurons. Also, it has been estimated that there are
40 times more afferent axons than efferent axons in the
various cerebellar pathways—a reflection of the enormous
amount of information that is required for the control of
motor function.

The cerebellar cortex is configured as a stereotyped
three-layered structure containing five types of neurons
(Fig. 5-4). In its relatively regular geometry, it is similar
to the columnar architecture of the cerebral cortex
described earlier in the chapter, but it differs in the
greater degree of intracortical feedback between neurons
and the convergent nature of input fibers. The outermost
“molecular” layer of the cerebellum contains two types
of inhibitory neurons, the stellate cells and the basket cells.
They are interspersed among the dendrites of the
Purkinje cells, the cell bodies of which lie in the underly-
ing layer. The Purkinje cell axons constitute the main
output of the cerebellum, which is directed at the deep
cerebellar and vestibular nuclei described above.
Purkinje cells are likewise entirely inhibitory and utilize
the neurotransmitter gamma-aminobutyric acid (GABA).
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Figure 5-4. Anatomic organization of the cerebellar cortex in a longitudinal and transverse section of a folium. Shown are the relationships
between (a) climbing fibers and Purkinje cells, (b) mossy fibers and both granule cells and Golgi cells, and (c) the parallel fibers that course lon-
gitudinally and connect these three main cell types. (Reproduced with permission from Kandel ER, Schwartz JH, Jessel TM: Principles of Neural

Science, 4th ed. New York, McGraw-Hill, 2000.)

The innermost “granular” layer contains an enormous
number of densely packed granule cells and a few larger
Golgi interneurons. Axons of the granule cells travel long
distances as “parallel fibers,” which are oriented along
the long axis of the folia and form excitatory synapses
with Purkinje cells. Each Purkinje cell is influenced by as
many as a million granule cells to produce a single elec-
trical “simple spike.”

The predominant afferent input to the cerebellum is via
the mossy fibers, which are the axons of the spinocerebel-
lar tracts and the projections from pontine, vestibular,
and reticular nuclei. They enter through all three cerebel-
lar peduncles, mainly the middle (pontine input) and

inferior (vestibulocerebellar) ones. Mossy fibers ramify in
the granule layer and excite Golgi and granule neurons
through special synapses termed cerebellar glomeruli. The
other main afferent input is via the climbing fibers, which
originate in the inferior olivary nuclei (olives) and com-
municate somatosensory, visual, and cerebral cortical sig-
nals (Figs. 5-4 and 5-5). The climbing fibers, so named
because of their vine-like configuration around Purkinje
cells and their axons, preserve a topographic arrange-
ment from olivary neuronal groups; a similar topo-
graphic arrangement is maintained in the Purkinje cell
projections. The climbing fibers have specific excitatory
effects on Purkinje cells that result in prolonged “com-
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Figure 5-5. The physiologic organization of cerebellar circuitry. The
main output of the deep cerebellar nuclei is excitatory and is trans-
mitted through mossy and climbing fibers. This “main loop” is mod-
ulated by an inhibitory cortical loop, which is effected by Purkinje
cell output but indirectly includes the other main cell types through
their connections with Purkinje cells. Recurrent pathways between
the deep nuclei and cortical cells via mossy and climbing fibers com-
plete the cerebellar servomechanism for motor control. (Reproduced
with permission from Kandel ER, Schwartz JH, Jessel TM: Principles
of Neural Science, 4th ed. New York, McGraw-Hill, 2000.)

plex spike” depolarizations. The firing of stellate and
basket cells is facilitated by the same parallel fibers that
excite Purkinje cells, and these smaller cells, in turn,
inhibit the Purkinje cells. These reciprocal relationships
form the feedback loops that permit the exquisitely deli-
cate inhibitory smoothing of limb movements that are
lost when the organ is damaged.

The uniform cortical structure of the cerebellum leads
us to conjecture that the organ has similar effects on all
parts of the cerebrum to which it has projections (cortex,
basal ganglia, thalamus, etc.). It would follow that the
activities of these cerebral structures (motor, cognitive,
sensory) may be modulated in similar ways.

Neurochemical Considerations

A number of biochemical considerations are of interest.
Four of the five cell types of the cerebellar cortex
(Purkinje, stellate, basket, Golgi) are inhibitory; the gran-
ule cells are an exception and are excitatory. Afferent
fibers to the cerebellum are of three types, two of which
have been mentioned above: (1) Mossy fibers, which are
the main afferent input to the cerebellum, utilize aspar-
tate. (2) Climbing fibers, which are the axons of cells in the
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inferior olivary nucleus and project to the Purkinje cells
of the opposite cerebellar hemisphere. The neurotrans-
mitter of the climbing fibers is unknown. (3) Aminergic
fibers, which project through the superior cerebellar
peduncle and terminate on the Purkinje and granule cells
in all parts of the cerebellar cortex. They are of two types:
dopaminergic fibers, which arise in the ventral mesence-
phalic tegmentum and project to the interpositus and
dentate nuclei and to the granule and Purkinje cells
throughout the cortex, and serotonergic neurons, which
are located in the raphe nuclei of the brainstem and
project diffusely to the granule cell and molecular layer.
The granule cell axons elaborate the excitatory transmit-
ter glutamate. All the inhibitory cerebellar cortical neu-
rons appear to utilize GABA. The neurotransmitters of
the deep nuclei have not been fully elucidated.

CLINICAL FEATURES OF
CEREBELLAR DISEASE

Two eminent neurologists, Joseph Babinski and Gordon
Holmes, were the first to cogently analyze the distur-
bances of movement and posture that result from lesions
of the human cerebellum. For Babinski, the essential func-
tion of the cerebellum was the orchestration of muscle
synergies in the performance of voluntary movement. A
loss or impairment of this function—i.e., asynergia or dys-
synergin—resulted in irregularity or fragmentation of the
normal motor sequences involved in any given act. This
deficit, most apparent in the execution of rapidly alternat-
ing movements, was referred to by Babinski as dys- or adi-
adochokinesis, as discussed below in the description of
incoordination. He also pointed out that this was accom-
panied by certain maladjustments of stance and by cata-
lepsy (perseveration of a posture), features that he may
have overemphasized and which are not as widely appre-
ciated by modern observers.

Holmes summarized the effects of cerebellar disease as
being in the acceleration and deceleration of movement.
He characterized the effects in a more fundamental way
than had Babinski, describing them as defects in the rate,
range, and force of movement, resulting in an undershoot-
ing or overshooting of the target. He used the term decom-
position to describe the fragmentation of a smooth movement
into a series of irregular, jerky components. In Holmes’
view, probably incorrectly, these abnormalities were
attributable to an underlying hypotonia. The terminal
(“intention”) tremor, and the inability to check the dis-
placement of an outstretched limb, both of which he
astutely described, were attributed to this latter defect (see
further on). Gilman and colleagues have provided evi-
dence that more than hypotonia is involved in the tremor
of cerebellar incoordination. They found that deafferenta-
tion of the forelimb of a monkey resulted in dysmetria and
kinetic tremor; subsequent cerebellar ablation signifi-
cantly increased both the dysmetria and tremor, indicating
the presence of a mechanism as yet unidentified in addi-
tion to depression of the fusimotor efferent—spindle affer-
ent circuit.
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Parts of the hypotheses of both Babinski and Holmes
have been sustained by modern physiologic and clinical
studies. In an analysis of rapid (ballistic) movements, Hal-
lett and colleagues have demonstrated that with cerebellar
lesions, there is a prolongation of the interval between the
commanded act and the onset of movement. More promi-
nently, there is a derangement of the triphasic agonist-
antagonist—agonist motor sequence, referred to in Chaps.
3 and 4; the agonist burst may be too long or too short, or
it may continue into the antagonist burst, resulting in
excessive agonist-antagonist cocontraction at the onset of
movement. These findings explain what has variously
been described as asynergia, decomposition of movement,
and dysmetria. Diener and Dichgans confirmed these fun-
damental abnormalities in the timing and amplitude of
reciprocal inhibition and of cocontraction of agonist-
antagonist muscles and remarked that these were particu-
larly evident in pluriarticular movements.

The symptoms produced in animals by ablation of dis-
crete anatomic or functional zones of the cerebellum bear
only an imperfect relationship to the symptoms of cerebel-
lar disease in humans. This is understandable for several
reasons. Most of the lesions that occur in humans do not
respect the boundaries established by experimental anato-
mists. Even with lesions that are more or less confined to
discrete functional zones (e.g., flocculonodular lobe, ante-
rior lobe), it is difficult to identify the resultant clinical
syndromes with those produced by ablation of analogous
zones in cats, dogs, and even monkeys, indicating that the
functional organization of these parts varies from species
to species.

Our own observations affirm what was stated above—
that lesions of the cerebellum in humans give rise to the
following abnormalities: (1) incoordination (ataxia) of
volitional movement; (2) a characteristic tremor (“inten-
tion” or ataxic tremor), described in detail in Chap. 6;
(3) disorders of equilibrium and gait; and (4) diminished
muscle tone, particularly with acute lesions. Dysarthria, a
common feature of cerebellar disease, is probably predi-
cated on a similar incoordination of the muscles of articu-
lation. In addition, the stability of eye movements is
affected, giving rise to nystagmus.

Extensive lesions of one cerebellar hemisphere, espe-
cially of the anterior lobe, cause hypotonia, postural abnor-
malities, ataxia, and either a genuine or perceived mild
weakness of the ipsilateral arm and leg. Lesions of the deep
nuclei and cerebellar peduncles have the same effects as
extensive hemispheral lesions. If the lesion involves a lim-
ited portion of the cerebellar cortex and subcortical white
matter, there may be surprisingly little disturbance of func-
tion, or the abnormality may be greatly attenuated with the
passage of time. For example, a congenital developmental
defect or an early life sclerotic cortical atrophy of half of the
cerebellum may produce no clinical abnormalities. Lesions
involving the superior cerebellar peduncle or the dentate
nucleus cause the most severe and enduring cerebellar
symptoms, which manifest mostly as ataxia in the ipsilat-
eral limbs. Disorders of stance and gait depend more on
vermian than on hemispheral or peduncular involvement.
Damage in the inferior cerebellum causes vestibulocerebel-
lar symptoms—namely, dizziness, vertigo, vomiting, and

nystagmus—in varying proportions. These symptoms
often share with disturbances of the vestibular system the
feature of worsening with changes in head position.

Incoordination

The most prominent manifestations of cerebellar disease,
namely, the abnormalities of intended (volitional) move-
ment, are classified under the general heading of cerebellar
incoordination or ataxia. Following Babinski, the terms dyssyn-
ergia, dysmetria, and dysdiadochokinesis came into common
usage to describe cerebellar abnormalities of movement.
Holmes’s characterization of abnormalities in the rate, range,
and force of movement is less confusing, as becomes appar-
ent from an analysis of even simple movements. These
abnormalities are brought out by standard neurologic tests,
finger-to-nose and toe-to-finger movement, running the heel
down the opposite shin, or tracing a square in the air with a
hand or foot. In performing these tests, the patient should be
asked to move the limb to the target accurately and rapidly.

The speed of initiating movement is slowed somewhat in
cerebellar disease. In a detailed electrophysiologic analy-
sis of this defect, Hallett and colleagues noted, in both
slow and fast movements, that the initial agonist burst
was prolonged and the peak force of the agonist contrac-
tion was reduced. Also, there is irregularity and slowing
of the movement itself, in both acceleration and decelera-
tion. These abnormalities are particularly prominent as
the finger or toe approaches its target.

Normally, deceleration of movement is smooth and accu-
rate, even if sharp changes in the direction of a limb are
demanded, as in following a moving target. With cerebellar
disease, the velocity and force of the movement are not
checked in the normal manner. The excursion of the limb
may be arrested prematurely, and the target is then reached
by a series of jerky movements. Or the limb overshoots the
mark (hypermetria) because of delayed activation and
diminished contraction of antagonist muscles; then the
error is corrected by a series of secondary movements in
which the finger or toe sways around the target before com-
ing to rest, or moves from side to side a few times on the
target itself. This side-to-side movement of the finger as it
approaches its mark tends to assume a rhythmic quality; it
has traditionally been referred to as intention tremor, or
ataxic tremor, but in reality reflects instability at the shoul-
der. The tremor is perpendicular to the trajectory of move-
ment and mostly in the horizontal plane (the reason for the
latter is not known). The term “intention” as applied to cer-
ebellar tremor, while embedded in neurologic parlance,
does not fully capture the necessity for the limb to be in
action rather than for the patient to “intend” a movement
for the tremor to be manifest. “Action tremor,” however,
has been used for an entirely different category of oscilla-
tions, as discussed in Chap. 6.

All of the foregoing defects in volitional movement are evi-
dent in acts that require alternation or rapid change in direc-
tion of movement, such as pronation-supination of the
forearm or successive touching of each fingertip to the
thumb. The normal rhythm of these movements is inter-
rupted by irregularities of force and speed. This is the abnor-
mality that Babinski called adiadochokinesis. Even a simple
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movement may be fragmented (“decomposition” of move-
ment), each component being effected with greater or
lesser force than is required. These movement abnormali-
ties together impart a highly characteristic clumsiness to
the cerebellar syndromes, an appearance that is not simu-
lated by the weakness of upper or lower motor neuron disor-
ders or by diseases of the basal ganglia.

In addition to intention tremor, there may be a coarse,
irregular, wide-range tremor that appears whenever the
patient activates limb muscles, either to sustain a posture or
to effect a movement. It is elicited by having the patient hold
the arms out to the sides with elbows bent (wing-beating
tremor). Holmes called it rubral tremor, and although the
lower part of the red nucleus may be the site of the lesion, the
nucleus itself is not involved in this type of tremor. Instead,
the tremor is a result of interruption of the fibers of the supe-
rior cerebellar peduncle, which traverse the nucleus, for
which reason it has been more properly called “cerebellar
outflow tremor.” Also, with certain sustained postures (e.g.,
with arms extended and hands on knees), the patient with
cerebellar disease may develop a rhythmic oscillation of the
fingers having much the same tempo as a parkinsonian
tremor. A rhythmic tremor of the head or upper trunk (3 to 4
per second) called titubation, mainly in the anteroposterior
plane, often accompanies midline cerebellar disease.

Cerebellar lesions commonly give rise to a disorder of
speech, which may take one of two forms, either a slow,
slurring dysarthria, like that following interruption of the
corticobulbar tracts, or a scanning dysarthria with variable
intonation, so called because words are broken up into
syllables, as when a line of poetry is scanned for meter.
The latter disorder is uniquely cerebellar; in addition to its
scanning quality, speech is slow, and each syllable, after an
involuntary interruption, may be uttered with less force or
more force (“explosive speech”) than is natural. Urban
and associates deduced from cases of cerebellar infarction
that the articulatory muscles are controlled from the ros-
tral paravermian area of the anterior lobe, and this area is
affected in most cases with dysarthria.

Ocular movement may be altered as a result of cerebellar
disease, specifically if vestibular connections are involved.
Patients with cerebellar lesions are unable to hold eccentric
positions of gaze, resulting in a special type of nystagmus
and the need to make rapid repetitive saccades to look
eccentrically. Conjugate voluntary gaze can be accom-
plished only by a series of jerky movements. Smooth pur-
suit movements are slower than normal and require that
the patient make small “catch-up” saccades in an attempt to
keep the moving target near the fovea. On attempted refix-
ation to a target, the eyes overshoot the target and then
oscillate through several corrective cycles until precise fixa-
tion is attained. It will be recognized that these nystagmoid
abnormalities, as well as those of speech, resemble the
abnormalities of volitional movements of the limbs. Cur-
rently it is believed that nystagmus caused by cerebellar
disease depends on lesions of the vestibulocerebellum
(Thach and Montgomery). Skew deviation (vertical dis-
placement of one eye), ocular flutter, and ocular myoclonus
(opsoclonus) may also be the result of cerebellar disease;
these abnormalities and other effects of cerebellar lesions
on ocular movement are discussed in Chap. 14.
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Disorders of Equilibrium and Gait

The patient with cerebellar disease has variable degrees of
difficulty in standing and walking, as described more fully in
Chap. 7. Standing with feet together may be impossible or
maintained only briefly before the patient pitches to one side
or backward. Closing the eyes worsens this difficulty slightly,
though the Romberg sign (which signifies impaired proprio-
ceptive input) is absent. In walking, the patient’s steps are
uneven and placement of the foot is misaligned, resulting in
unexpected lurching.

Data from patients in whom accurate clinicoanatomic cor-
relations can be made indicate that the disequilibrium syn-
drome, with normal movements of the limbs, corresponds
more closely with lesions of the anterior vermis than with
those of the flocculus and nodulus, as had been previously
thought. This conclusion is based on the study of a highly
stereotyped form of cerebellar degeneration in alcoholics
(Chap. 42). In such patients the cerebellar disturbance is
often limited to one of stance and gait, in which case the
pathologic changes are restricted to the anterior parts of the
superior vermis. In more severely affected patients, in
whom there is also incoordination of individual movements
of the limbs, the changes are found to extend laterally from
the vermis, involving the anterior portions of the anterior
lobes (in patients with ataxia of the legs) and the more pos-
terior portions of the anterior lobes (in patients whose arms
are affected). In other diseases, involvement of the posterior
vermis and its connections with the pontine and mesen-
cephalic reticular formations has caused abnormalities of
ocular movement (see Chap. 14). Similar clinicopathologic
relationships pertain in patients with familial forms of pure
cerebellar cortical degeneration (syndrome of progressive
ataxia). In both the alcoholic and familial degenerative cases,
despite a serious disturbance of stance and gait, the floccu-
lonodular lobe may be spared completely.

Thus the evidence that flocculonodular lesions in humans
cause a disturbance of equilibrium is not conclusive. It rests
on the observation that with certain tumors of childhood,
namely, medulloblastomas, there may be an unsteadiness of
stance and gait but no tremor or incoordination of the limbs.
Insofar as these tumors are thought to originate from cell
rests in the posterior medullary velum, at the base of the
nodulus, it has been inferred that the disturbance of equilib-
rium results from involvement of this portion of the cerebel-
lum. However, the validity of this deduction remains to be
proved. By the time such tumors are inspected at operation
or autopsy, they have spread beyond the confines of the nod-
ulus, and strict clinicopathologic correlations are not possi-
ble. The point to be made is that midline anterior cerebellar
lesions may produce solely a disorder of stance and gait, i.e.,
nystagmus, dysarthria, and limb ataxia are absent so that the
entire problem may be missed if the patient is not observed
while standing or walking.

Hypotonia

This refers to a decrease in the normal resistance that is
offered by muscles to passive manipulation (e.g., flexion and
extension of a limb); it is the least evident of the cerebellar
abnormalities but may explain certain clinical features not
otherwise derived from the above deficits. It is related to a
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depression of gamma and alpha motor neuron activity, as
discussed in Chap. 3. Experimentally, in cats and monkeys,
acute cerebellar lesions and hypotonia are associated with a
depression of fusimotor efferent and spindle afferent activity.
With the passage of time, fusimotor activity is restored as
hypotonia disappears (Gilman et al). As indicated earlier,
Holmes believed, probably incorrectly, that hypotonia was a
fundamental defect in cerebellar disease, accounting not only
for the defects in postural fixation (see below) but also for
certain elements of ataxia and so-called intention tremor.

Hypotonia is much more apparent with acute than with
chronic lesions and may be demonstrated in a number of
ways. A conventional test for hypotonia is to tap the wrists
of the outstretched arms, in which case the affected limb (or
both limbs in diffuse cerebellar disease) will be displaced
through a wider range than normal and may oscillate; this
is the result of a failure of the hypotonic muscles to fixate
the arm at the shoulder. When an affected limb is shaken,
the flapping movements of the hand are of wider excursion
than normal. If the patient places his elbows on the table
with the arms flexed and the hands are allowed to hang
limply, the hand of the hypotonic limb will sag. If the stand-
ing patient is rotated briefly to and fro at the shoulders, the
hypotonic arm will be seen to continue to swing. Babinski
also was impressed with gross alterations of posture,
apparently related to hypotonia. These alterations take the
form of a passive extension of the neck and an involuntary
bending of the knees, which are apparent when the patient
is lifted from a bed or chair or upon first standing, or
slumping of the shoulder on the affected side. Or the arm
on the side of a unilateral lesion may swing excessively.

Failure to check a movement is a closely related phe-
nomenon. Thus, after strongly flexing one arm against a
resistance that is suddenly released, the patient may be
unable to check the flexion movement, to the point where
the arm may strike the face. This is the result of a delay in
contraction of the triceps muscle, which ordinarily would
arrest overflexion of the arm. This abnormality, incorrectly
referred to as Holmes’ rebound phenomenon, is more appro-
priately designated as an impairment of the check reflex.
Stewart and Holmes, who first described this test, made
the point that when resistance to flexion is suddenly
removed, the normal limb moves only a short distance in
flexion and then recoils very briefly in the opposite direc-
tion; in this sense, rebound of the limb is actually deficient
in cerebellar disease.

Patients with these various abnormalities of tone may
show little or no impairment of motor power, indicating
that the maintenance of posture involves more than the
voluntary contraction of muscles. It is noteworthy that all
of the additional signs of cerebellar dysfunction (dysme-
tria, clumsiness, tremor) are absent in the hypotonic mus-
cles of peripheral nerve disease—indicating that the
cerebellum exerts a unique modulating effect on move-
ment that is not explained by loss of tone.

Other Symptoms of Cerebellar Disease

A slight loss of muscular power and excessive fatigability
of muscle may occur with acute cerebellar lesions. Insofar
as these symptoms cannot be explained by other distur-

bances of motor function, they may be regarded as pri-
mary manifestations of cerebellar disease, but they are
never severe or persistent and are of little clinical impor-
tance; anything approaching a hemiparesis in distribution
or severity is not attributable to cerebellar disease.

Myoclonic movements—i.e., brief (50- to 100-ms), random
contractions of muscles or groups of muscles—are, in
some disease processes, combined with cerebellar ataxia.
When multiple jerks mar a volitional movement, they may
be mistaken for an ataxic tremor. Action myoclonus may be
the principal residual sign of hypoxic encephalopathy, as
described in the discussion of postanoxic intention, or
action myoclonus, in Chap. 40, and it has been proposed
that this condition has a cerebellar origin. Myoclonus is
described more fully in Chap. 6, where it is pointed out
that it more often has its origin in diseases of the cerebral
cortex.

More recently articulated is the participation of the cer-
ebellum in certain aspects of cognitive function and
behavior (see the reviews by Leiner et al and by Schmah-
mann and Sherman). Those authors and others have
described a wide range of subtle alterations of memory
and cognition, language function, and behavior in patients
with disease apparently limited to the cerebellum (as
determined by CT and MRI imaging). It is true that cere-
bellar lesions interfere with the establishment of condi-
tioned reflexes and perhaps some deterioration in certain
learning tasks as detected by specialized tests. However,
it is not entirely clear if there is a uniform clinical patho-
logic syndrome in which a distinctive cognitive-behav-
ioral deficit or group of deficits are related to a cerebellar
disease or individual lesions. It seems to the current
authors that recent investigations into the cerebral influ-
ences of the cerebellum are accurate and novel contribu-
tions to neurology, but at the same time, we suggest that
the changes referred to are largely inapparent in the bed-
side neurologic examination.

Differential Diagnosis of Ataxia

In the diagnosis of disorders characterized by generalized
cerebellar ataxia (affecting limbs, gait, and speech), the
mode of onset, rate of development, and degree of perma-
nence of the ataxia are of particular importance, as sum-
marized in Table 5-1. Each of the major causes is discussed
in an appropriate chapter. In adults, paraneoplastic and
demyelinating cases account for the largest proportion of
cases of subacute onset, and hereditary forms are the
usual cause of very slowly progressive and chronic ones,
particularly if gait alone is affected. The last category of
genetic ataxias now constitute a large and heterogeneous
group for which the basis has been established in most
cases; they are described in Chap. 39.

Unilateral ataxia without accompanying signs is most
often caused by infarction or tumor in the ipsilateral cere-
bellar hemisphere or by demyelinating disease affecting
cerebellar connections in the brainstem.

The ataxia of severe sensory neuropathy and of poster-
ior column disease of the spinal cord (sensory ataxia) sim-
ulates cerebellar ataxia; presumably this is a result of
involvement of the large peripheral spinocerebellar affer-



CHAPTER b

Table 5-1

DIAGNOSIS OF GENERALIZED CEREBELLAR ATAXIA
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MODE OF DEVELOPMENT

CAUSES

Acute-transitory

Acute and usually reversible

Myxedema
Acute-enduring

Subacute (over weeks)

ovarian carcinoma; Chap. 31)
Cerebellar abscess (Chap. 32)
Sprue (gluten enteropathy)

Multiple sclerosis
Chronic (months to years)

Creutzfeldt-Jakob disease (Chap. 33)

Intoxication with alcohol, lithium, barbiturate, phenytoin or other antiepileptics (associated with
dysarthria, nystagmus; Chaps. 42 and 43)

Diamox-responsive episodic ataxia (Chap. 37)

Childhood hyperammonemias (Chap. 37)

Postinfectious, with inflammatory changes in CSF (Chap. 36)

Viral cerebellar encephalitis (Chap. 33)

Extreme hyperthermia with coma at onset (Chap. 17)

Intoxication with mercury compounds or toluene (glue sniffing; spray painting; Chap. 43)

Postanoxic with intention myoclonus

Adulterated heroin (“chasing the dragon”)

Brain tumors such as medulloblastoma, astrocytoma, hemangioblastoma metastasis (usually with
headache and papilledema; Chap. 31)

Alcoholic-nutritional (Chaps. 41 and 42)

Paraneoplastic, often with opsoclonus and specific anticerebellar antibodies (particularly with breast and

Whipple disease (often with myoclonus and oculomasticatory movements)

Friedreich ataxia and other spinocerebellar degenerations; other hereditary cerebellar degenerations
(olivopontocerebellar degenerations; cerebellar cortical degenerations [Chap. 39])

Adult form of fragile X premutation syndrome (Chaps. 38 and 39)

Hereditary metabolic diseases, often with myoclonus (Chap. 37)

Childhood ataxias, including ataxia telangiectasia, cerebellar agenesis

ent fibers. However, there should seldom be difficulty in
separating the two if one takes note of the loss of distal
joint position sense, absence of associated cerebellar
signs such as dysarthria or nystagmus, loss of tendon
reflexes, and the corrective effects of vision on sensory
ataxia. In peripheral neuropathy and in spinal cord dis-
ease, the Romberg sign is invariably present, reflecting a
parallel dysfunction of large afferent fibers in the poster-
ior columns; this sign is not found in lesions of the cere-
bellar hemispheres except that the patient may initially
sway with eyes open and a bit more with eyes closed.
This type of tremor reaches an extreme form in the large-
fiber polyneuropathy related to antibodies against mye-
lin-associated glycoprotein but the features are closer to
an exaggerated essential tremor, as discussed in the next
chapter and in Chap. 46. In the Miller-Fisher syndrome,
which is considered to be a variant of acute Guillain-
Barré polyneuropathy, sensation is intact or affected only
slightly and the severe ataxia and intention tremor are
presumably a result of a highly selective peripheral dis-
order of spinocerebellar nerve fibers.

Disorders of these same fibers in the spinocerebellar
tracts of the cord may produce the same effects; subacute

compressive lesions such as thoracic meningioma or
demyelinating lesions are the usual causes. Again, there is
a prominent Romberg sign. Occasionally, a cerebellar-like
tremor in one limb results from a lesion in the dorsolateral
cord that interrupts afferent fibers, presumably those
directed to the spinocerebellar tracts.

Vertiginous ataxia is primarily an ataxia of gait and is
distinguished by the obvious complaint of vertigo and
listing to one side, past pointing, and rotary nystagmus,
as discussed in Chap. 15. The nonvertiginous ataxia of
gait caused by vestibular paresis (e.g., streptomycin
toxicity) has special qualities, which are described in
Chap. 7. Vertigo and cerebellar ataxia may be concur-
rent, as in some patients with a paraneoplastic disease
and in those with infarction of the lateral medulla and
inferior cerebellum. An unusual and transient ataxia of
the contralateral limbs occurs acutely after infarction or
hemorrhage in the anterior thalamus (thalamic ataxia); in
addition to characteristic signs of thalamic damage,
there may be an accompanying unilateral asterixis.
Finally, a lesion of the superior parietal lobule (areas 5
and 7 of Brodmann) may rarely result in a similar ataxia
of the contralateral limbs.
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Tremor, Myoclonus,
Focal Dystonias, and Tics

The subject of tremor is considered at this point because of its
association with diseases of the basal ganglia and cerebellum.
In addition, a group of miscellaneous movement disorders—
myoclonus, facial and cervical dyskinesias, focal limb dysto-
nias, and tics—is described in this chapter. These disorders
are largely involuntary in nature and can be quite disabling,
but they have an uncertain pathologic basis, as alluded to in
Chap. 4, and an indefinite relationship to the extrapyramidal
motor disorders or to other standard categories of neurologic
disease. They are brought together here mainly for conve-
nience of exposition.

TREMOR

Tremor may be defined as a more or less involuntary and
rhythmic oscillatory movement produced by alternating or
irregularly synchronous contractions of reciprocally inner-
vated muscles. Its rhythmic quality distinguishes tremor
from other involuntary movements, and the involvement
of agonist and antagonistic muscles distinguishes it from
clonus.

A normal, or physiologic, tremor is embedded in the
motor system. It is present in all contracting muscle groups
and persists throughout the waking state and even in cer-
tain phases of sleep. The movement is so fine that it can
barely be seen by the naked eye, and then only if the fingers
are firmly outstretched; in most instances special instru-
ments are required for its detection. It ranges in frequency
between 8 and 13 Hz, the dominant rate being 10 Hz in
adulthood and somewhat less in childhood and old age.
Several hypotheses have been proposed to explain physio-
logic tremor, a traditional one being that it reflects the pas-
sive vibration of body tissues produced by mechanical
activity of cardiac origin. Assuredly this is not the whole
explanation. As Marsden has pointed out, several addi-
tional factors—such as spindle input, the unfused grouped
firing rates of motor neurons, and the natural resonating
frequencies and inertia of the muscles and other struc-
tures—are probably of greater importance. Certain abnor-
mal tremors, namely, the metabolic varieties of postural or
action tremor and at least one type of familial tremor, are
considered by some workers to be variants or exaggera-
tions of physiologic tremor—i.e., “enhanced physiologic
tremor,” as discussed further on.

Abnormal or pathologic tremor, which is what one means
when the term tremor is used clinically, preferentially affects
certain muscle groups—the distal parts of the limbs (espe-
cially the fingers and hands); less often the proximal parts; the
head, tongue, jaw, or vocal cords; and rarely the trunk—and
is present only in the waking state. The rate in most forms is
from 4 to 7 Hz, or about half that of physiologic tremor. In any
one case, the rate is fairly constant in all affected parts.

The following types of tremors, the features of which
are summarized in Table 6-1, are encountered most fre-
quently in clinical practice. In clinical analysis they are
usually distinguishable on the basis of (1) rhythmicity,
(2) frequency, (3) relation to movement and posture, and
(4) the pattern of activity of opposing muscles, i.e., syn-
chronous or alternating. Such analysis also differentiates
tremors from a large array of nontremorous states, such as
fasciculations, sensory ataxia, myoclonus, asterixis, epi-
lepsia partialis continua, clonus, and shivering.

Postural and Action Tremors

These terms, which are used interchangeably, refer to a
tremor that is present when the limbs and trunk are actively
maintained in certain positions (such as holding the arms
outstretched) and that may persist throughout active move-
ment. More particularly, the tremor is absent when the limbs
are relaxed but becomes evident when the muscles are acti-
vated. The tremor is accentuated as greater precision of
movement is demanded, but it does not approach the degree
of augmentation seen with cerebellar intention tremor (dis-
cussed in Chap. 5). In contrast to rest or static (parkinsonian)
tremor, which is characterized by alternating activity in ago-
nist and antagonist muscles, most cases of action tremor are
characterized by relatively rhythmic bursts of grouped
motor neuron discharges that occur not quite synchronously
and simultaneously in opposing muscle groups. Slight
inequalities in the strength and timing of contraction of
opposing muscle groups account for the tremor.

Action tremors are of several different types, a feature
that makes them more difficult to interpret than most
other tremors.

Enhanced Physiologic Tremor

One type of action tremor seems merely to be an exagger-
ation of normal or physiologic tremor and can be brought
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Table 6-1

ENHANCING AGENTS

ATTENUATING AGENTS

Epinephrine, f-adrenergics

Emotional stress

Emotional stress

Anxiety, fright, -
adrenergics, alcohol

Alcohol, B-adrenergic
antagonists
L-Dopa, anticholinergics

B-Adrenergic antagonists in
some cases

withdrawal, xanthines,
lithium, exercise, fatigue
Same as above Alcohol, propanolol,
primidone
Clonazepam, alcohol, -
adrenergic antagonists
Repose, walking,
clonazepam, valproate

— Clonazepam, valproate

Same as above

Quiet standing

— Local botulinum toxin, gestes

MAIN TYPES OF TREMOR
PREDOMINANT
TYPE OF TREMOR FREQUENCY, HZ LOCATION
Physiologic 8-13 Hands
(enhanced)

Parkinson (rest) 3-5 Hands and forearms,
fingers, feet, lips,
tongue

Cerebellar (intention, 2-4 Limbs, trunk, head

ataxic, “rubral”)

Postural, or action 5-8 Hands

Essential (familial, 4-8 Hands, head, vocal cords

senile)

Alternate beat 3.5-6 Hands, head

Orthostatic 4-8, irregular Legs

Tremor of neuropathy ~ 4-7 Hands

Palatal tremor 60-100/min Palate, sometimes facial,
pharyngeal, proximal
limb muscles

Dystonic Irregular Concordant with focal
dystonia

out in most normal persons. It has the same fast frequency
as physiologic tremor (about 10 Hz; Fig. 6-1) but a greater
amplitude. Such a tremor, best elicited by holding the
arms outstretched with fingers spread apart, is character-
istic of intense fright and anxiety (hyperadrenergic states),
certain metabolic disturbances (hyperthyroidism, hyper-
cortisolism, hypoglycemia), pheochromocytoma, intense
physical exertion, withdrawal from alcohol and other sed-
ative drugs, and the toxic effects of several drugs—Ilith-
ium, nicotinic acid, xanthines (coffee, tea, aminophylline,
colas), and corticosteroids. Young and colleagues have
determined that the enhancement of physiologic tremor
that occurs in metabolic and toxic states is not a function
of the central nervous system but is instead a consequence
of stimulation of muscular beta-adrenergic receptors by
increased levels of circulating catecholamines.

Alcohol and Sedative Withdrawal Tremor

The most prominent feature of the alcohol withdrawal
syndrome is a special type of action tremor closely related
to, but more complex than, enhanced physiologic tremor.
Withdrawal of other sedative drugs (benzodiazepines,
barbiturates) following a sustained period of use may pro-
duce much the same effect. LeFebvre-D’Amour and col-
leagues have described two somewhat different tremors
in the alcohol withdrawal period, one with frequency
greater than 8 Hz and continuous activity in antagonistic
muscles, thus resembling physiologic tremor but of
greater amplitude and responsive to propranolol (Koller
et al, 2000). The second tremor, of less than 8 Hz, is charac-
terized by discrete bursts of electromyelogram (EMG)
activity occurring synchronously in antagonistic muscles,
like that observed in one type of familial tremor (see
below). Either of these may occur after a relatively short

period of intoxication (“morning shakes”). A number of
alcoholics, on recovery from the withdrawal state, exhibit
a persistent tremor of essential (familial) type, described
below. The mechanisms involved in alcohol withdrawal
symptoms are discussed in Chap. 42.

Essential (Familial) Tremor

This, the commonest type of tremor, is of lower fre-
quency (4 to 8 Hz) than physiologic tremor and is unas-
sociated with other neurologic changes; thus it is called
“essential.” One infrequent type of essential tremor is
faster than the usual essential tremor and of the same fre-
quency (6 to 8 Hz) as enhanced physiologic tremor,
which has led several clinicians to declare their identity.
However, there are certain clinical and physiologic dif-
ferences. Typical essential tremor very often occurs as the
only neurologic abnormality in several members of a
family, in which case it is called familial or hereditary
essential tremor. Inheritance is as an autosomal dominant
trait with virtually complete penetrance. The idiopathic
and familial types cannot be distinguished on the basis
of their physiologic and pharmacologic properties and
probably should not be considered as separate entities.
This condition, sometimes referred to as “benign essen-
tial tremor,” is hardly so in many patients in whom it
worsens with age and greatly interferes with normal
activities. Quite ambiguous is the term action tremor
when applied to essential tremor; strictly speaking, this
denotes a worsening of tremulousness with activity of
the limb, but it is the maintenance of a posture that truly
exaggerates these tremors.

Essential tremor most often makes its appearance late in
the second decade, but it may begin in childhood and then
persist. A second peak of increased incidence occurs in
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adults older than 35 years of age. Both sexes are affected.
It is a relatively common disorder, with an estimated prev-
alence of 415 per 100,000 persons older than the age of 40
years (Haerer et al). The tremor frequency, as remarked
earlier, is 4 to 8 Hz, usually at the lower end of this range
and it is of variable amplitude. As described by Elble, the
frequency diminishes slightly with age while its ampli-
tude increases. Aside from its frequency, the identifying fea-
ture is its appearance or marked enhancement with attempts to
maintain a static limb posture. Like most tremors, essential
tremor is worsened by emotion, exercise, and fatigue.

The tremor practically always begins in the arms and is
usually symmetrical; in approximately 15 percent of
patients, however, it may appear first in the dominant
hand. A severe isolated arm or leg tremor should suggest
another disease (Parkinson disease or focal dystonia, as
described further on). The tremor may be limited to the
upper limbs or a side-to-side or nodding movement of the
head; the chin may be added or may (rarely) occur inde-
pendently. In advanced cases of essential tremor, there is
involvement of the jaw, lips, tongue, and larynx, the latter
imparting a severe quaver to the voice (voice tremor). Infre-
quently, the tremor of the head or voice precedes that of
the hands. The head tremor is also postural in nature and
disappears when the head is supported. It has also been
noted that the limb and head tremors tend to be muted
when the patient walks. In some of our patients whose
tremor remained isolated to the head for a decade or
more, there has been little if any progression to the arms
and almost no increase of the amplitude of movement.
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Figure 6-1. Types of tremor. In each,
the lowest trace is an accelerometric
recording from the outstretched hand;
the upper two traces are surface EMG
from the wrist extensor (upper) and
flexor (middle) muscle groups. A. A
physiologic tremor; there is no evi-
dence of synchronization of EMG
activity. B. Essential (familial) tremor;
the movements are very regular and
EMG bursts occur simultaneously in
antagonistic muscle groups. C. Neu-
ropathic tremor; movements are irreg-
ular and EMG bursts vary in timing
between the two groups. D. Parkinso-
nian (“rest”) tremor; EMG bursts
alternate between antagonistic muscle
groups. Calibration is 1 s. (Courtesy
of Dr. Robert R. Young.)
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The lower limbs are usually spared or only minimally
affected. In the large series of familial case studies by
Bain and colleagues, solitary jaw or head tremor was not
found. Nor was there a clear association with Parkinson
disease, cerebellar ataxia, or dystonia. However, many
patients with Parkinson disease have both a resting and
an essential tremor. Most patients with essential tremor
will have identified the amplifying effects of anxiety and
the ameliorating effects of alcohol on their tremor. We
have also observed the tremor to become greatly exag-
gerated during emergence from anesthesia in a few
patients.

Electromyographic studies reveal that the tremor is gen-
erated by more or less rhythmic and almost simultaneous
bursts of activity in pairs of agonist and antagonist mus-
cles (Fig. 6-1B). Less often, especially in the tremors at the
lower range of frequency, the activity in agonist and
antagonist muscles alternates (“alternate beat tremor”), a
feature more characteristic of Parkinson disease, which it
superficially resembles (see below). Tremor of either pat-
tern may be disabling, but the less common, slower, alter-
nate-beat tremor tends to be of higher amplitude and is
more of a handicap and, in our experience, is more resis-
tant to treatment. Essential tremor may increase in sever-
ity to a point where the patient’s handwriting becomes
illegible and he cannot bring a spoon or glass to his lips
without spilling its contents. Eventually, all tasks that
require manual dexterity become difficult or impossible.
The pathophysiology of this tremor and its treatment are
discussed further on.
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Treatment of Essential Tremor

A curious fact about the familial and essential tremors of
the typical (non-alternate-beat) type is that they can be
suppressed by a few drinks of alcohol in more than 75 per-
cent of patients; but once the effects of the alcohol have
worn off, the tremor returns and may even worsen for a
time. Of more therapeutic interest, essential tremor is
inhibited by the beta-adrenergic antagonist propranolol
(between 80 and 200 mg per day in divided doses or as a
sustained-release preparation) taken orally over a long
period of time. Often it takes several days or weeks for the
effect to be evident. The benefit is variable and often
incomplete; most studies indicate that 50 to 70 percent of
patients have some symptomatic relief but may complain
of side effects such as fatigue, impotence, and broncho-
spasm. Several but not all of the other beta-blocking drugs
are similarly effective; metoprolol and nadolol, which are
better tolerated than propranolol, are the ones most exten-
sively studied, but they have yielded less consistent
results than propranolol. The relative merits of different
drugs in this class are discussed by Louis and by Koller et
al (2000), which are recommended for further guidance.
Young and associates have shown that neither proprano-
lol nor ethanol, when injected intraarterially into a limb,
decreases the amplitude of essential tremor. These find-
ings, and the delay in action of medications, suggest that
their therapeutic effect is due less to blockade of the
peripheral beta-adrenergic receptors than to their action
on structures within the central nervous system.

The anticonvulsant primidone (Mysoline) has also been
effective in controlling essential tremor and may be tried
in patients who do not respond to or cannot tolerate beta-
blocking medications, but many of our patients have not
tolerated the side effects of drowsiness, nausea, and slight
ataxia. It is recommended that treatment be initiated at 25
mg and increased slowly to 75 mg per day in order to min-
imize these effects. Gabapentin, topiramate (see Connor),
and a large number of other drugs have been used with
variable success, but at the moment should probably be
considered second-line therapies; these alternatives are
discussed by Louis. Amantadine also has a modest effect
on tremor and may be used as an adjunct.

The alternate-beat, slow, high-amplitude, kinetic-predomi-
nant type of essential tremor is more difficult to suppress but
has reportedly responded to clonazepam (Biary and Koller);
in our experience, however, this approach has not been as
successful. Alcohol and primidone have also been less effec-
tive than they are in typical essential tremor. Indeed, the
tremor has often been resistant to most attempts at suppres-
sion, for which reason surgical approaches are being used
(see further on).

Injections of botulinum toxin into a portion of a limb can
reduce the severity of essential tremor locally, but the accom-
panying weakness of arm and hand muscles often proves
unacceptable to the patient. The same medication injected
into the vocal cords can suppress severe voice tremor as
described in a series of cases by Adler and colleagues as well
as by others, but caution must be exercised to avoid paralyz-
ing the cords. Doses as low as 1 U of toxin injected into each
cord may be effective, with a latency of several days. The

long-term repeated use of this treatment has not been ade-
quately studied for essential-type limb or voice tremor.

In resistant cases of essential tremor of the fast or slow
variety, a thalamic stimulator of the same type used to
treat Parkinson disease has produced a durable response
over many years; details can be found in the small study
reported by Sydow and colleagues.

Tremor of Polyneuropathy

Adams and coworkers described a disabling action tremor
in patients with chronic demyelinating and paraproteine-
mic polyneuropathies. It is a particularly prominent fea-
ture of the polyneuropathy caused by immunoglobulin
(Ig) M antibodies to myelin-associated glycoprotein (MAG)
as mentioned in the preceding chapter. It simulates a
coarse essential tremor or ataxic tremor and typically
worsens if the patient is asked to hold his finger near a tar-
get. The EMG pattern is more irregular than that in the
essential (familial) tremor (Fig. 6-1C). Pedersen and col-
leagues have found it to vary greatly in amplitude with
considerable side-to-side oscillation, which is induced by
cocontracting muscle activity; they also found little sup-
pression of the tremor with loading of the limb, unlike
most other organic tremors. It is hypothesized that there is
a disturbance of muscle spindle afferents. There is also an
acute and a chronic inflammatory neuropathy that is
marked by a prominent ataxic (intention) tremor and a
faster action tremor. A special type of Guillain-Barré syn-
drome is characterized by a tremor that is indistinguish-
able from ataxia. Also, the inherited disease peroneal
muscular atrophy (Charcot-Marie-Tooth disease) may be
associated with tremor of the essential (familial) type but
the two are coincident rather than directly related; this
combination of symptoms was the basis on which Roussy
and Levy incorrectly set it apart as a distinct disease.
Chapter 46 discusses these polyneuropathies.

True action tremors are seen in a number of other clinical
settings. A coarse action tremor, sometimes combined with
myoclonus, accompanies various types of meningoenceph-
alitis (e.g., in the past it was quite common with syphilitic
general paresis) and certain intoxications (methyl bromide
and bismuth).

Parkinsonian (Rest) Tremor

This is a coarse, thythmic tremor with a frequency of 3 to 5
Hz. Electromyographically, it is characterized by bursts of
activity that alternate between opposing muscle groups.
The tremor is most often localized in one or both hands
and forearms and less frequently in the feet, jaw, lips, or
tongue (Fig. 6-1D). It occurs when the limb is in an attitude
of repose and is suppressed or diminished by willed move-
ment, at least momentarily, only to reassert itself once the
limb assumes a new position. For this reason the parkinso-
nian tremor is often referred to as a resting tremor, to distin-
guish it from postural-action tremor, but these terms must
be qualified. Maintaining the arm in an attitude of repose
or keeping it still in other positions requires a certain
degree of muscular contraction, albeit slight. If the tremu-
lous hand is completely relaxed, as it is when the arm is
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fully supported at the wrist and elbow, the tremor usually
disappears; however, the patient rarely achieves this state.
Usually he maintains a state of slight tonic contraction of
the trunk and proximal muscles of the limbs. Under con-
ditions of complete rest, i.e., in all except the lightest
phases of sleep, the tremor disappears, as do most abnor-
mal tremors except palatal and ocular myoclonus.

Parkinsonian tremor is “alternating” in the sense that it
takes the form of flexion—extension or abduction-adduc-
tion of the fingers or the hand; pronation-supination of
the hand and forearm is also a common presentation.
Flexion—extension of the fingers in combination with
adduction—abduction of the thumb yields the classic “pill-
rolling” tremor of Parkinson disease. It continues while
the patient walks, unlike essential tremor; indeed, it may
first become apparent or be exaggerated during walking.
When the legs are affected, the tremor takes the form of a
flexion—extension movement of the foot, sometimes the
knee; in the jaw and lips, it is seen as up-and-down and
pursing movements, respectively. The eyelids, if they are
closed lightly, tend to flutter rhythmically (blepharoclo-
nus), and the tongue, when protruded, may move in and
out of the mouth at about the same tempo as the tremor
elsewhere.

The so-called cogwheel effect, which is perceived by the
examiner on passive movement of the extremities (the
Negro sign), is said by many authors to be no more than a
palpable tremor superimposed on rigidity and as such is
not specific for Parkinson disease although it is most prom-
inent in that condition. However, this explanation is called
into question by the numerous cases in which Parkinson
patients display minimal or no resting tremor but nonethe-
less have the cogwheel phenomenon.

The parkinsonian tremor frequency is surprisingly con-
stant over long periods, but the amplitude is variable. Emo-
tional stress augments the amplitude and may add the
effects of an enhanced physiologic or essential tremor. With
advance of the disease, increasing rigidity of the limbs
obscures or reduces it. However, the tremor interferes sur-
prisingly little with voluntary movement; for example, it is
possible for a tremulous patient to raise a full glass of water
to his lips and drain its contents without spilling a drop; iron-
ically, this is not always the case with advanced “benign”
essential tremor, as already emphasized.

Resting tremor is most often a manifestation of the Par-
kinson syndrome, whether the idiopathic variety described
by James Parkinson (paralysis agitans) or the drug-induced
type. In the former, the tremor is sometimes relatively gen-
tle and more or less limited to the distal muscles. Almost
always it is asymmetrical and at the outset, it may be
entirely unilateral. The tremor of postencephalitic parkin-
sonism (which is now virtually extinct) often had greater
amplitude and involved proximal muscles. In neither dis-
ease is there a close correspondence between the degree of
tremor and the degree of rigidity or akinesia. A parkinso-
nian type of tremor may also be seen in elderly persons
without akinesia, rigidity, or mask-like facies. In some of
these patients, the tremor is followed years later by the
other manifestations of Parkinson disease, but in some oth-
ers it is not, the tremor remaining unchanged for many
years or progressing very slowly, unaffected by anti-Parkin-

son drugs. This probably equates with the earlier men-
tioned alternate-beat type of essential tremor. Patients with
the familial (wilsonian) or acquired form of hepatocerebral
degeneration may also show a tremor of parkinsonian type,
usually mixed with ataxic tremor and other extrapyramidal
motor abnormalities.

Parkinsonian tremor is suppressed to some extent by
the phenothiazine derivative ethopropazine (Parsidol),
trihexyphenidyl (Artane), and other anticholinergic drugs;
it is also suppressed somewhat less consistently but some-
times quite impressively by L-dopa and dopaminergic
agonist drugs, which are the mainstays of treatment for
Parkinson disease, as discussed in Chap. 39. Stereotactic
lesions or electrical stimulation in the basal ventrolateral
nucleus of the thalamus diminishes or abolishes tremor
contralaterally; other stimulation sites such as the subtha-
lamic nucleus are also effective but to a lesser degree. The
situation is made more difficult because a parkinsonian
tremor is often associated with an additional tremor of
faster frequency; the latter is of essential type and
responds better to beta-blocking drugs than to anti-Par-
kinson medications. Chapter 39 discusses treatment of
Parkinson disease in greater detail.

Intention (Ataxic, Cerebellar) Tremor

As discussed in Chap. 5, the word intention is ambiguous in
this context because the tremor itself is not intentional and
occurs not when the patient intends to make a movement
but only during the most demanding phases of active per-
formance. In this sense it is a kinetic or action tremor, but the
latter term has other connotations to neurologists, as
described above. The term ataxic is a suitable substitute for
intention, because this tremor is always combined with cere-
bellar ataxia and adds to it, as described in Chap. 5. Its
salient feature is that it requires for its full expression the
performance of an exacting, precise, projected movement.
The tremor is absent when the limbs are inactive and dur-
ing the first part of a voluntary movement, but as the action
continues and fine adjustments of the movement are
demanded (e.g., in touching the tip of the nose or the exam-
iner’s finger), an irregular, more or less rhythmic (2- to 4-
Hz) interruption of forward progression with side-to-side
oscillation appears and may continue for several beats after
the target has been reached. Unlike familial and parkinso-
nian tremors, the oscillations occur in more than one plane.
The tremor and ataxia may seriously interfere with the
patient’s performance of skilled acts. In some patients there
is a rhythmic oscillation of the head on the trunk (tituba-
tion), or of the trunk itself, at approximately the same rate.
As already indicated, this type of tremor points to disease
of the cerebellum or its connections, particularly via the
superior cerebellar peduncle, but certain peripheral nerve
diseases may occasionally simulate it.

There is another, more violent type of tremor associated
with cerebellar ataxia, in which every movement, even
lifting the arm slightly or maintaining a static posture
with the arms held out to the side, results in a wide-rang-
ing, rhythmic 2- to 5-Hz “wing-beating” movement,
sometimes of sufficient force to throw the patient off bal-
ance. In such cases, the lesion is usually in the midbrain,
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involving the upward projections of the dentatorubrotha-
lamic fibers and the medial part of the ventral tegmental
reticular nucleus. Because of the location of the lesion in
the region of the red nucleus, Holmes originally called this
a rubral tremor. However, experimental evidence in mon-
keys indicates that the tremor is produced not by a lesion
of the red nucleus per se but by interruption of denta-
tothalamic fibers that traverse this nucleus—i.e., the cere-
bellar efferent fibers that form the superior cerebellar
peduncle and brachium conjunctivum (Carpenter). This
type of tremor is seen most often in patients with multiple
sclerosis and Wilson disease, occasionally with vascular
and other lesions of the tegmentum of the midbrain and
subthalamus, and rarely as an effect of antipsychotic med-
ications. It is abolished by a surgical or ischemic lesion in
the opposite ventrolateral nucleus of the thalamus. Beta-
adrenergic blocking agents, anticholinergic drugs, and L-
dopa have little therapeutic effect. Thalamic stimulation
may be helpful in severe cases that are the result of multi-
ple sclerosis lesions in the cerebellar peduncles.

Chapter 5 and the section further on, “Pathophysiology
of Tremor,” discuss the mechanisms involved in the pro-
duction of intention or ataxic tremor.

Geniospasm

This is a strongly familial episodic tremor disorder of the
chin and lower lip that begins in childhood and may
worsen with age. Psychic stress and concentration are
known to precipitate the movements, which are described
by Danek as “trembling.” Rare instances involve other
facial muscles. The disorder must be distinguished from
essential tremor, facial myokymia or fasciculations, and
palatal tremor. The trait is inherited in an autosomal dom-
inant fashion from a locus on chromosome 9.

Primary Orthostatic Tremor (See also Chap. 7)

This is a rare but striking tremor isolated to the legs that is
remarkable by its occurrence only during quiet standing
and its cessation almost immediately on walking. It is diffi-
cult to classify and more relevant to disorders of gait than
it is to tremors of other types. The frequency of this tremor
has been recorded as approximately 14 to 16 Hz, making it
difficult to observe and more easily palpable. Nonetheless,
it may produce considerable disability as the patient
attempts to stabilize himself in response to the tremulous-
ness. An important accompanying feature is the sensation
of severe imbalance, which causes the patient to assume a
widened stance while standing; these patients are unable
to walk a straight line (tandem gait). We have observed
prominent tonic contraction of the legs during standing,
seemingly in an attempt to overcome imbalance (see Heil-
man; Thompson, Rothwell, Day et al, 1986). Because falls
are surprisingly infrequent, the condition is often attrib-
uted to hysteria. The arms are affected little or not at all.
Often the first step or two when the patient begins to walk
are halting, but thereafter, the gait is entirely normal. Trem-
ulousness is not present when the patient is seated or
reclining, but in the latter positions it can be evoked by
strong contraction of the leg muscles against resistance.

Although some authors, such as Wee and colleagues,
have classified the disorder as a type of essential tremor,
most of its characteristics suggest otherwise. Sharott and
colleagues consider it an exaggerated physiologic tremor
in response to imbalance; others have found an intrinsic
rhythm at approximately 16 Hz generated by the dam-
aged spinal cord in patients with myelopathy, suggesting
a spinal origin for the tremor.

Many cases have responded to the administration of clo-
nazepam, gabapentin, primidone, or sodium valproate. A
few intractable cases have been treated with an implanted
spinal cord stimulator (Krauss et al, 2005).

Dystonic Tremor

Difficult to classify but not to be overlooked are tremors
that are intermixed with dystonia. When the underlying
dystonic posturing is not overt, the tremor may be
ascribed to the essential variety or to hysteria. Dystonic
tremor is focal, superimposed for example on torticollis,
or it may be evident in a dystonic hand. The movement is
not entirely rhythmic, sometimes jerky, and often intermit-
tent. These cases are discussed further on, in the section
on focal dystonia. In addition, a fair number of patients
with dystonia have an essential tremor.

Psychogenic Tremor

Tremor is a quite dramatic manifestation of hysteria. It
simulates many types of organic tremor, thereby causing
difficulty in diagnosis. Psychogenic tremors are usually
restricted to a single limb; they are gross in nature, are less
regular than the common static or action tremors, and
diminish in amplitude or disappear if the patient is dis-
tracted, as, for example, when asked to make a complex
movement with the opposite hand. If the examiner
restrains the affected hand and arm, the tremor may move
to a more proximal part of the limb or to another part of
the body (“chasing the tremor”). Other useful features in
identifying hysterical tremor are exaggeration of the
tremor by loading the limb—for example, by having the
patient hold a book or other heavy object—which reduces
almost all other tremors with exception of those produced
by polyneuropathy. Hysterical tremor persists in repose
and during movement and is less subject than nonhysteri-
cal tremors to the modifying influences of posture and
willed movement.

Tremors of Complex Type

Not all tremors correspond exactly with those described
above. There is frequently a variation in one or more of the
particulars from the classic pattern, or one type of tremor
may show a feature ordinarily considered characteristic of
another. In some parkinsonian patients, for example, the
tremor is accentuated rather than dampened by active
movement; in others, the tremor may be very mild or absent
“at rest” and become obvious only with movement of the
limbs. As mentioned above, a patient with classic parkinso-
nian tremor may, in addition, show a fine essential tremor of
the outstretched hands and occasionally even an element of
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ataxic tremor as well. In a similar way, essential or familial
tremor may, in its advanced stages, assume the aspects of a
cerebellar tremor. Gordon Holmes was careful to note that
patients with acute cerebellar lesions sometimes show a par-
kinsonian tremor in addition to the usual signs of ataxia and
ataxic tremor. Further examples include patients with essen-
tial or familial tremor or with cerebellar degeneration, who
display a rhythmic tremor, characteristically parkinsonian in
tempo and in relation to sustained postures. It may take the
form of an abduction-adduction or flexion—extension of the
fingers when the patient’s weight is partially supported by
the hands, as in the writing position, or it may appear as a
tremor of the outstretched fingers or of the thigh when the
patient is seated.

Pathophysiology of Tremor

By way of general observation, in patients with tremor of
either the parkinsonian, postural, or intention type, Nara-
bayashi has recorded rhythmic burst discharges of unitary
cellular activity in the nucleus intermedius ventralis of the
thalamus (as well as in the medial pallidum and subtha-
lamic nucleus) synchronous with the beat of the tremor.
Neurons that exhibit the synchronous bursts are arranged
somatotopically and respond to kinesthetic impulses from
the muscles and joints involved in the tremor. A stereo-
taxic lesion in any of these sites abolishes the tremor. The
effectiveness of a thalamic lesion in particular may be a
result of interruption of pallidothalamic and dentatotha-
lamic projections, or, more likely, of projections from the
ventrolateral thalamus to the premotor cortex, as the
impulses responsible for tremor are ultimately mediated
by the lateral corticospinal tract.

Some of what is known about the physiology of specific
tremors is noted in the following paragraphs.

Essential Tremor

To date, only a few cases of essential tremor have been
examined postmortem, and these have disclosed no con-
sistent lesion to which the tremor could indisputably be
attributed (Herskovits and Blackwood; Cerosimo and Kol-
ler). A singular case of a 90-year-old woman studied by
Louis and colleagues, demonstrated more extensive cere-
bellar cortical and dentate nucleus cell loss and reactive
changes than had been previously recognized.

The question of the existence and locus of a generator
for essential tremor is unresolved. As indicated by McAuley,
various studies that demonstrate thythmic activity in the
cortex corresponding to the tremor activity are more sug-
gestive of a common source elsewhere than of a primary
generator in the cortex. Based on electrophysiologic
recordings in patients, two likely origins of oscillatory
activity are the olivocerebellar circuits and the thalamus.
Whether a particular structure possesses an intrinsic
rhythmicity or, as currently favored, the tremor is an
expression of reciprocal oscillations in circuits of the den-
tato—brainstem—cerebellar or thalamic-tegmental systems
is not at all clear. Studies of blood flow in patients with
essential tremor by Colebatch and coworkers affirm that
the cerebellum is activated; on this basis they argue that

there is a release of an oscillatory mechanism in the olivo-
cerebellar pathway. Dubinsky and Hallett demonstrated
that the inferior olives also become hypermetabolic when
essential tremor is activated, but this has been questioned
by Wills and colleagues who recorded increased blood
flow in the cerebellum and red nuclei, but not in the olive.
These proposed mechanisms are reviewed by Elble and
serve to emphasize the points made here.

Parkinsonian Tremor

The anatomic basis of parkinsonian tremor is not known.
In Parkinson disease, the visible lesions predominate in
the substantia nigra, and this was true also of the posten-
cephalitic form of the disease. In animals, however,
experimental lesions confined to the substantia nigra do
not result in tremor; neither do lesions in the striatopal-
lidal parts of the basal ganglia. Moreover, not all patients
with lesions of the substantia nigra have tremor; in some
there are only bradykinesia and rigidity. In a group of
patients poisoned with the toxin MPTP (1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine), a meperidine ana-
logue that destroys the neurons of the pars compacta of
the substantia nigra (see Chaps. 4 and 39), only half
developed a tremor, which had more of the characteris-
tics of a proximal action or postural tremor than of a rest
tremor as discussed by Burns and colleagues. In all likeli-
hood, these inconsistencies reflect the complex influence
of dopamine on a number of basal ganglionic structures
outlined in Chap. 4.

Ward and others have produced a Parkinson-like
tremor in monkeys by placing a lesion in the ventromedial
tegmentum of the midbrain, just caudal to the red nucleus
and dorsal to the substantia nigra. Ward postulated that
interruption of the descending fibers at this site liberates
an oscillating mechanism in the lower brainstem; this pre-
sumably involves the limb innervation via the reticulospi-
nal pathway. Alternative possibilities are that the lesion in
the ventromedial tegmentum interrupts the brachium
conjunctivum, or a tegmental-thalamic projection, or the
descending limb of the superior cerebellar peduncle,
which functions as a link in a dentatoreticular-cerebellar
feedback mechanism, a hypothesis similar to the one pro-
posed for essential tremor (see Fig. 5-3).

Ataxic Tremor (See also Chap. 5)

This has been produced in monkeys by inactivating the
deep cerebellar nuclei or by sectioning the superior cere-
bellar peduncle or the brachium conjunctivum below its
decussation. A lesion of the nucleus interpositus or den-
tate nucleus causes an ipsilateral tremor of ataxic type, as
one might expect, associated with other manifestations of
cerebellar ataxia. In addition, such a lesion gives rise to a
“simple tremor,” which is the term that Carpenter applied
to a “resting” or parkinsonian tremor. He found that the
latter was most prominent during the early postoperative
period and was less enduring than ataxic tremor. Never-
theless, the concurrence of the two types of tremor and the
fact that both can be abolished by ablation of the contralat-
eral ventrolateral thalamic nucleus suggest that they have
related neural mechanisms, at least in monkeys.
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Palatal Tremor (“Palatal Myoclonus”)

This is a rare disorder consisting of rapid, rhythmic, invol-
untary movements of the soft palate. For many years it
was considered to be a form of uniphasic myoclonus
(hence the terms palatal myoclonus and palatal nystagmus).
Because of the persistent rhythmicity, it is now classified as
a tremor. There are two forms of this movement, according
to Deuschl and colleagues. One is essential palatal tremor
that reflects the rhythmic activation of the tensor veli pala-
tini muscles; it has no known pathologic basis. The palatal
movement imparts a repetitive audible click, which ceases
during sleep. The second, more common form is a sympto-
matic palatal tremor caused by a diverse group of brainstem
lesions that interrupt the central tegmental tract(s); these
columns contain descending fibers from midbrain nuclei to
the inferior olivary complex (a component of the Mollaret
triangle described below and in Chap. 5 and Fig. 5-3). The
frequency of the tremor varies greatly and is 26 to 420
cycles per minute in the essential form and 107 to 164
cycles per minute in the symptomatic form.

Symptomatic palatal tremor, in contrast to the essential
type and all other tremors, persists during sleep and is
sometimes associated with oscillopsia and unilateral or
bilateral cerebellar signs. In some cases, the pharynx as
well as the facial and extraocular muscles (pendular or
convergence nystagmus), diaphragm, vocal cords, and
even the muscles of the neck and shoulders partake of the
persistent rhythmic movements. A similar phenomenon,
in which contraction of the masseters occurs concurrently
with pendular ocular convergence, has been observed in
Whipple disease (oculomasticatory myorhythmia).

Magnetic resonance imaging reveals no lesions to
account for essential palatal tremor; in the symptomatic
form, however, there are tegmental brainstem lesions and
conspicuous enlargement of the inferior olivary nucleus
unilaterally or bilaterally. With unilateral palatal tremor,
it is the contralateral olive that becomes enlarged. It
has been proposed that the lesions in the symptomatic
form interrupt the circuit (dentate nucleus-brachium con-
junctivum-central tegmental tract-olivary nucleus—den-
tate nucleus) that Lapresle and Ben Hamida have called
the triangle of Mollaret, or the triangle of Guillain and Moll-
aret (Fig. 5-3). The pathologic material we have observed
confirms the presence of central tegmental-olivary lesions
but contains no examples of the production of palatal
myoclonus by lesions of the cerebellum or of the dentate
and red nuclei. The lesions have been vascular, neoplastic,
especially demyelinating (multiple sclerosis), or trau-
matic, and have been found in the midbrain or pontine
tegmentum.

The physiologic basis of palatal tremor remains conjec-
tural. Matsuo and Ajax postulated a denervation hyper-
sensitivity of the inferior olivary nucleus and its dentate
connections, but others have suggested that the critical
event is denervation not of the olive but of the nucleus
ambiguus and the dorsolateral reticular formation adja-
cent to it. Dubinsky and colleagues have suggested that
palatal tremor may be based on the same mechanism as
postural tremor—i.e., presumably a disinhibition of the
olive and a rhythmic coupling of neurons in the olive

induced by a lesion of the dentato-olivary pathway. The
use of drugs in treating this movement disorder has met
with variable success. Clonazepam (0.25 to 0.5 mg/d,
increasing gradually to 3.0 to 6.0 mg/d), sodium valproate
(250 mg/d, increasing to 1,000 mg/d), and gabapentin (up
to 2,100 mg) have suppressed the movement in some
cases, particularly the last of these drugs, which report-
edly has had a dramatic effect in some patients. Also, tet-
rabenazine and haloperidol have been helpful on
occasion. Selective injection of the palatal muscles with
botulinum toxin, while technically demanding, affords
modest relief; it is particularly helpful in eliminating the
annoying ear clicking.

ASTERIXIS

The movement disorder known as asterixis was described
by Adams and Foley in 1953. It consists essentially of
arrhythmic lapses of sustained posture that allow gravity
or the inherent elasticity of muscles to produce a move-
ment, which the patient then corrects, sometimes with
overshoot. Later Adams and Schwab with their colleagues
Young and Shahani demonstrated that the initial interrup-
tion or lapse in posture is associated with EMG silence for
a period of 35 to 200 ms. By interlocking EMG and electro-
encephalogram (EEG) recordings, Ugawa et al found that
a sharp wave, probably generated in the motor cortex,
immediately precedes the period of EMG silence. This
confirmed that asterixis differs physiologically from both
tremor and myoclonus, with which it was formerly con-
fused; it has incorrectly been referred to as a “negative
tremor.”

Asterixis is most readily evoked by asking the patient to
hold his arms outstretched with hands dorsiflexed or to
dorsiflex the hands and extend the fingers while resting
the forearms on the bed or the arms of a chair. Flexion
movements of the hands may then occur arrhythmically
once or several times a minute. The same lapses in sus-
tained muscle contraction can be provoked in any muscle
group—including, for example, the protruded tongue, the
closed eyelids, or the flexed trunk muscles.

This sign was first observed in patients with hepatic
encephalopathy but was later noted in those with hyper-
capnia, uremia, and other metabolic and toxic encepha-
lopathies. However, lapses of this type may sometimes
appear in the neck and arms of a normal person during a
period of drowsiness. They may also be evoked by pheny-
toin and other anticonvulsants, then indicating that these
drugs are present in excessive concentrations.

Unilateral asterixis has been noted in an arm and leg on
the side opposite an anterior thalamic infarction or small
hemorrhage, stereotaxic thalamotomy, and with an upper
midbrain lesion, usually as a transient phenomenon after
stroke. In two series, Kim and coworkers and Montalban
and colleagues, came to a similar conclusion, namely that
unilateral asterixis is usually attributable to an acute tha-
lamic stroke on the contralateral side, but there was an
interesting variety of other localizations including the
frontal lobe (anterior cerebral artery infarction), midbrain,
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and cerebellum in a few cases each. Our experience is lim-
ited to those arising from thalamic and overlying parietal
lesions. Antiepileptic drugs may exaggerate or induce uni-
lateral asterixis that has its basis in an underlying lesion of
the anterior thalamus.

CLONUS, MYOCLONUS,
AND POLYMYOCLONUS

The terms clonus (or clonic), myoclonus (or myoclonic), and
polymyoclonus have been used indiscriminately to desig-
nate rhythmic or arrhythmic series of brief, shock-like
muscular contractions associated with disease of the cen-
tral nervous system. Clonus refers to a series of rhythmic,
monophasic (i.e., unidirectional) contractions and relaxations
of a group of muscles, differing in this way from tremors,
which are always diphasic or bidirectional. Myoclonus
specifies the very rapid, shock-like contraction(s) of a
group of muscles, irregular in rhythm and amplitude,
and, with few exceptions, asynchronous and asymmetri-
cal in distribution; if such contractions occur singly or are
repeated in a restricted group of muscles, such as those of
an arm or leg, the phenomenon can be designated as seg-
mental myoclonus or myoclonus simplex. Widespread, light-
ning-like, arrhythmic contractions are referred to as
myoclonus multiplex or polymyoclonus. The discussion that
follows makes evident that this is not a matter of mere
pedantry but that each of the three phenomena has a dis-
tinctive pathophysiology and clinical implications.

Reference has already been made to the clonus that
appears in relation to spasticity and heightened tendon
reflexes in diseases affecting the corticospinal tract. It is
most easily elicited by forcefully dorsiflexing the ankle; a
series of rhythmic jerks of small to moderate amplitude
result.

Epilepsia partialis continua is a special type of rhythmic
epileptic activity in which one group of muscles—usually
of the face, arm, or leg—is continuously (day and night)
involved in a series of rhythmic monophasic contractions.
These may continue for weeks, months, or years. In most
cases there is a corresponding EEG abnormality. The dis-
order appears to be cerebral in origin, but in most cases its
precise anatomic and physiologic basis cannot be deter-
mined (see Chap. 16 for further discussion).

Myoclonus Simplex

Patients with idiopathic epilepsy may complain of a local-
ized myoclonic jerk or a short burst of myoclonic jerks,
occurring particularly on awakening and on the day or
two preceding a major generalized seizure, after which
these movements cease. Unlike the complex myoclonus
discussed below, very few patients show progressive men-
tal and physical deterioration. One-sided or focal myo-
clonic jerks are the dominant feature of a particular form of
childhood epilepsy—so-called benign epilepsy with rolan-
dic spikes (Chap. 16). Diffuse myoclonic jerks are the
main—or sometimes only—manifestation of a fairly com-
mon seizure disorder with distinctive EEG features called
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juvenile myoclonic epilepsy; this diagnosis is suggested by
an onset of myoclonus or single seizures during adoles-
cence and myoclonus or lapses in upright posture that
become prominent with sleep deprivation and alcohol con-
sumption. Myoclonus may be associated with atypical
petit mal and akinetic seizures in the Lennox-Gastaut syn-
drome (absence or petit mal variants); the patient often
falls during the brief lapse of postural mechanisms that fol-
lows a single myoclonic contraction. Similarly, in the West
syndrome of infantile spasms, the arms and trunk are sud-
denly flexed or extended in a single massive myoclonic
jerk (“jackknife” or “salaam” seizures); mental regression
occurs in fully 80 to 90 percent of cases, even when the sei-
zures are successfully treated with adrenocorticotropic
hormone (ACTH). These types of special “myoclonic epi-
lepsies” are discussed further below and in Chap. 16.

Focal simple myoclonus is also one of the notable fea-
tures of degenerative neurologic conditions, particularly
corticobasal ganglionic degeneration; it is generally seen
in a limb that is made rigid by this process.

Diffuse Myoclonus (Myoclonus
Multiplex, or Polymyoclonus)

Under the title paramyoclonus multiplex, Friedreich, in 1881,
described a sporadic instance of widespread muscle jerk-
ing in an adult. It was probably in the course of this
description that the term myoclonus was used for the first
time. Muscles were involved diffusely, particularly those
of the lower face and proximal segments of the limbs, and
the myoclonus persisted for many years, being absent
only during sleep. No other neurologic abnormalities
accompanied the movement abnormality. The nature and
pathologic basis of this disorder were never determined,
and its status as a clinical entity has never been secure.

Over the years, the term paramyoclonus multiplex has
been applied to all varieties of myoclonic disorder (and
other motor phenomena as well), to the point where it has
nearly lost its specific connotation. Myoclonus multiplex
may occur in pure or “essential” form as a benign, often
familial, nonprogressive disease or as part of a more com-
plex progressive syndrome that may prove disabling and
fatal. More importantly, there are several acquired forms
that are associated with various neurologic diseases as
discussed below.

Essential (Familial) Myoclonus

Symptoms may begin at any period of life but usually
appear first in childhood and are of unknown etiology. An
autosomal dominant mode of inheritance is evident in
some families. The myoclonus takes the form of irregular
twitches of one or another part of the body, involving
groups of muscles, single muscles, or even a portion of a
muscle. As a result, an arm may suddenly flex, the head
may jerk backward or forward, or the trunk may curve or
straighten. The face, neck, jaw, tongue, ocular muscles, and
diaphragm may twitch. According to Wilson, even fasci-
cles of the platysma may twitch. Some muscle contractions
cause no visible displacement of a limb. In this and other
forms of myoclonus, the muscle contraction is brief (20 to
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50 ms)—i.e., faster than that of chorea, with which it may
be confused. The speed of the myoclonic contraction is the
same whether it involves a part of a muscle, a whole mus-
cle, or a group of muscles. Many of the patients register lit-
tle complaint, accepting the constant intrusions of motor
activity with stoicism; they generally lead relatively nor-
mal, active lives. Seizures, dementia, and other neurologic
deficits are notably absent. Occasionally there is hint of a
mild cerebellar ataxia and, in one family studied by R.D.
Adams, essential tremor was present as well, both in fam-
ily members with polymyoclonus and in those without.
Both the tremor and myoclonus were dramatically sup-
pressed by the ingestion of alcohol. Similar families have
been observed by Marsden and colleagues. In a Mayo
Clinic series reported by Aigner and Mulder, 19 of 94 cases
of polymyoclonus were of this “essential” type.

Several of the sleep-related syndromes that involve
repetitive leg movements include an element of myoclo-
nus. In a few patients, mainly older ones with severe
“restless legs syndrome,” the myoclonus and dyskinesias
may become troublesome in the daytime as well. These
patients march in place and rock their bodies during sleep
(Walters et al). These disorders are discussed in Chap. 19.

Myoclonic Epilepsy (See also
Myoclonic Seizures in Chap. 16)

Myoclonic epilepsy constitutes another important syn-
drome of multiple etiologies. A relatively benign idiopathic
form, juvenile myoclonic epilepsy, has been mentioned and
is discussed extensively in Chap. 16. A more serious type of
myoclonic epilepsy, which in the beginning may be
marked by polymyoclonus as an isolated phenomenon, is
eventually associated with dementia and other signs of
progressive neurologic disease (familial variety of Unver-
richt and Lundborg). An outstanding feature of the latter is
a remarkable sensitivity of the myoclonus to stimuli of all
sorts. If a limb is passively or actively displaced, the result-
ing myoclonic jerk may lead, through a series of progres-
sively larger and more or less synchronous jerks, to a
generalized convulsive seizure. In late childhood this type
of stimulus-sensitive myoclonus is usually a manifestation
of the juvenile form of lipid storage disease, which, in addi-
tion to myoclonus, is characterized by seizures, retinal
degeneration, dementia, rigidity, pseudobulbar paralysis,
and, in the late stages, by quadriplegia in flexion.

Another form of stimulus-sensitive (reflex) myoclonus,
inherited as an autosomal recessive trait, begins in late
childhood or adolescence and is associated with neuronal
inclusions (Lafora bodies thus Lafora-body disease) in the
cerebral and cerebellar cortex and in brainstem nuclei. In
yet another familial type (described under the title of Bal-
tic myoclonus by Eldridge and associates), autopsy has dis-
closed a loss of Purkinje cells but no inclusion bodies.
Unlike Lafora-body disease, the Baltic variety of myo-
clonic epilepsy has a favorable prognosis, particularly if
the seizures are treated with valproic acid.

Under the title of cherry-red-spot myoclonus syndrome,
Rapin and associates have drawn attention to a familial (au-
tosomal recessive) form of diffuse, incapacitating intention
myoclonus associated with visual loss and ataxia. This dis-

order develops insidiously in adolescence. The earliest sign
is a cherry-red spot in the macula that may fade in the
chronic stages of the illness. The intellect is relatively unim-
paired. The specific enzyme defect appears to be a defi-
ciency of lysosomal alpha-neuroaminidase (sialidase),
resulting in the excretion of large amounts of sialylated oli-
gosaccharides in the urine. This has been referred to as type
1 sialidosis to distinguish it from a second type, in which pa-
tients are of short stature (as a result of chondrodystrophy)
and often have a deficiency of beta-galactosidase in tissues
and body fluids. In patients with sialidosis, a mucopolysac-
charide-like material is stored in liver cells, but neurons
show only a nonspecific accumulation of lipofuscin. A
similar clinical syndrome of myoclonic epilepsy is seen
in a variant form of neuroaxonal dystrophy and in the
late childhood-early adult neuronopathic form of Gau-
cher disease, in which it is associated with supranuclear
gaze palsies and cerebellar ataxia (Chap. 37).

Diffuse Myoclonus with
Acquired Neurologic Disease

The clinical settings in which one observes widespread
random myoclonic jerks as a transient or persistent phe-
nomenon in adults include structural diseases such as
viral encephalitis, Creutzfeldt-Jakob disease, general pare-
sis, advanced Alzheimer and Lewy-body disease, and cor-
ticobasal ganglionic degeneration (the degenerative types
are discussed in Chap. 39), occasionally in Wilson disease,
and more often with acquired metabolic disorders (proto-
typically uremic and anoxic encephalopathy) and certain
drug intoxications, notably with haloperidol, lithium, and
amphetamines; Table 6-2 lists others. A subacute encepha-
lopathy with diffuse myoclonus may occur in association
with the autoantibodies that are characteristically a com-
ponent of Hashimoto thyroiditis and also in Whipple dis-
ease (both are discussed in Chap. 40). An acute onset of
polymyoclonus with confusion occurs with lithium intoxi-
cation; once ingestion is discontinued, there is improve-
ment (slowly over days to weeks) and the myoclonus is
replaced by diffuse action tremors, which later subside.
Diffuse, severe myoclonus may be a prominent feature of
early tetanus and strychnine poisoning.

Polymyoclonus that occurs in the acute stages of anoxic
encephalopathy should be distinguished from postanoxic
action or intention myoclonus that emerges with recovery
from cardiac arrest or asphyxiation (it is discussed below
and in Chap. 40). The factor common to all these disorders
is the presence of diffuse neuronal disease.

Myoclonus in association with signs of cerebellar incoordina-
tion, including opsoclonus (rapid, irregular, but predomi-
nantly conjugate movements of the eyes in all planes as
described in Chap. 14) is another syndrome of both chil-
dren and adults. Most cases run a chronic course, waxing
and waning in severity. Many of the childhood cases are
associated with occult neuroblastoma, and some have
responded to the administration of corticosteroids. In
adults, a similar syndrome has been described as a remote
effect of carcinoma (mainly of lung, breast, and ovary as
discussed at length in Chap. 31), but it also occurs at all
ages as a relatively benign manifestation of a benign
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Table 6-2

CAUSES OF GENERALIZED AND REGIONAL MYOCLONUS

Epileptic forms (myoclonic epilepsies)
Unverricht-Lundborg disease
Lafora-body disease
Baltic myoclonus
Benign epilepsy with rolandic spikes
Juvenile myoclonic epilepsy
Infantile spasms (West syndrome)
Cherry-red-spot myoclonus (sialidase deficiency)
Myoclonus epilepsy with ragged red fibers (MERRF)
Ceroid lipofuscinosis (Kufs disease)
Tay-Sachs disease
Epilepsia partialis continua
Essential and heredofamilial forms
Myoclonic dementias
Creutzfeldt-Jakob disease
Subacute sclerosing panencephalitis
Familial progressive poliodystrophy
Alzheimer, Lewy-body, and Wilson diseases (occasional in late
stages)
Whipple disease of the central nervous system
Corticobasal ganglionic degeneration
Dentatorubropallidoluysian atrophy
AIDS dementia
Myoclonus with cerebellar disease (myoclonic ataxia)
Opsoclonus-myoclonus syndrome (paraneoplastic [anti-Ri],
neuroblastoma, post- and parainfectious)
Postanoxic myoclonus (Lance Adams type)
Ramsay-Hunt dyssynergia cerebellaris myoclonica
Metabolic, immune, and toxic disorders
Cerebral hypoxia (acute and severe)
Uremia
Hashimoto thyroiditis
Lithium intoxication
Haloperidol and sometimes phenothiazine intoxication
Hepatic encephalopathy (rare)
Cyclosporine toxicity
Nicotinic acid deficiency encephalopathy
Tetanus
Other drug toxicities
Focal and spinal forms of myoclonus
Herpes zoster myelitis
Other unspecified viral myelitis
Multiple sclerosis
Traumatic spinal cord injury
Arteriovenous malformation of spinal cord
Subacute myoclonic spinal neuronitis
Paraneoplastic spinal myoclonus

postinfectious (possibly viral) illness as described by Bar-
inger and colleagues.

As mentioned above, diffuse myoclonus is a promi-
nent and often early feature of the prion transmissible
illness, Creutzfeldt-Jakob disease and characterized by
dementia, disturbances of gait and coordination and all
manner of mental and visual aberrations (see Chap. 33).
Originally, the jerks are random, but late in the disease
they may attain an almost rhythmic and symmetric
character. In addition, there is an exaggerated startle
response, and violent myoclonus may be elicited by tac-
tile, auditory, or visual stimuli in advanced stages of the
disease. In this condition too, there is a progressive
destruction of nerve cells, mainly but not exclusively of
the cerebral and cerebellar cortices, and a striking
degree of gliosis. In addition to parenchymal destruc-
tion, the cortical tissue shows a fine-meshed vacuola-

tion, hence the preferable designation subacute spongiform
encephalopathy.

In yet another group of myoclonic dementias, the most
prominent associated abnormality is a progressive deterio-
ration of intellect. Like the myoclonic epilepsies, the myo-
clonic dementias may be sporadic or familial and may affect
both children and adults. A rare childhood type is subacute
sclerosing panencephalitis (SSPE), which is an acquired
subacute or chronic (occasionally remitting) disease related
to a latent infection with the measles virus (Chap. 33).

Intention or Action (Postanoxic) Myoclonus

This type of myoclonus was described by Lance and
Adams in a group of patients who were recovering from
hypoxic encephalopathy. When the patient is relaxed, the
limb and other skeletal muscles are quiet (except in the
most severe cases); only seldom does the myoclonus appear
during slow, smooth (ramp) movements. Fast (ballistic)
movements, however, especially when directed to a target,
as in touching the examiner’s finger, elicit a series of irregu-
lar myoclonic jerks that differ in speed and rhythmicity
from intention tremor. For this reason it was called intention
or action myoclonus. Only the limb that is moving is
involved; hence it is a localized, stimulus-evoked myoclo-
nus. Speech may be fragmented by the myoclonic jerks, and
a syllable or word may be almost compulsively repeated, as
in palilalia.

Action myoclonus is almost always associated with cere-
bellar ataxia. The pathologic anatomy has not been entirely
ascertained. Lance and Adams found the irregular dis-
charges to be transmitted via the corticospinal tracts, pre-
ceded in some cases by a discharge from the motor cortex.
Chadwick and coworkers postulated a reticular loop reflex
mechanism, while Hallett and colleagues (1977) found that
a cortical reflex mechanism was operative in some cases
and a reticular reflex mechanism in others. Whether these
are two aspects of one mechanism could not be decided.

Barbiturates and valproic acid have been helpful in
some cases. Several clinical trials and case reports have
suggested that the experimental drug piracetam, and,
more persuasively, the anticonvulsant levetiracetam, with
which we have not had experience in this situation, may
be useful (Krauss et al, 2001). The use of 5-hydroxytryp-
tophan alone or in combination with tryptophan or other
drugs had been recommended in the past (van Woert et
al). Usually, a combination of several of these medications
is required to make the patient functional.

Spinal or Segmental Myoclonus
(See also Subacute Spinal Neuronitis in Chap. 44)

The notion that monophasic-restricted myoclonus always
emanates from the cerebral cortex, cerebellum, or brain-
stem cannot be sustained, as there are forms that are
traceable to a purely spinal cause. The problem takes the
form of an almost continuous arrhythmic jerking of a
group of muscles. Such a subacute spinal myoclonus of
obscure origin was described many years ago by Camp-
bell and Garland, and similar cases continue to be cited
in the literature. We have seen several in which myoclo-
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nus was isolated to the musculature of the abdominal or
thoracic wall on one side or to the legs; only rarely were
we able to establish a cause, and the spinal fluid has been
normal. This form has been referred to as “propriospi-
nal” when it involves repetitive flexion or extension
myoclonus of the torso that is aggravated by stretching
or action.

Examples of myelitis with irregular and strictly segmen-
tal myoclonic jerks (either rhythmic or arrhythmic) have
been reported in humans and have been induced in ani-
mals by the Newecastle virus. Many such myelitic cases
involve the legs or a few muscles of one leg. In our experi-
ence, this type of myoclonus has occurred following zos-
ter myelitis, postinfectious transverse myelitis, and, rarely,
with multiple sclerosis, epidural compression, or after spi-
nal traumatic injury. A paraneoplastic form has also been
described, usually associated with breast cancer (Chap.
31). When highly ionic contrast media were in the past
used for myelography, painful spasms and myoclonus
sometimes occurred in segments where the dye was con-
centrated by a block.

Treatment is difficult and one resorts to a combination
of antiepileptic drugs and benzodiazepines, just as in cere-
bral myoclonus. The glycine inhibitor levetiracetam
reportedly has been successful when other drugs have
failed (Keswani et al).

Pathophysiology of Myoclonus Multiplex

It seems logical to assume that myoclonus is caused by
abnormal discharges of aggregates of motor neurons or
interneurons because of the directly enhanced excitabil-
ity of these cells or the removal of some inhibitory mech-
anism. Sensory relationships are a prominent feature of
myoclonus multiplex, particularly those related to meta-
bolic disorders, and will eventually shed some light on
the mechanism. Flickering light, a loud sound, or an
unexpected tactile stimulus to some part of the body ini-
tiates a jerk so quickly and consistently that it must uti-
lize a direct sensorimotor pathway or the mechanism
involved in the startle reaction. Repeated stimuli may
recruit a series of incremental myoclonic jerks that culmi-
nate in a generalized convulsion, as often happens in the
familial myoclonic syndrome of Unverricht-Lundborg.
However, evidence implicating cortical hyperexcitability
in myoclonus is only indirect, being based mainly on the
finding that the cortical components of the somatosen-
sory evoked potential are exceedingly large and that in
some instances, the myoclonic jerks have a strict time
relationship (“time-locked”) to preceding spikes in the
contralateral rolandic area (Marsden et al; Brown et al).
Conversely, it is just as likely that these cortical poten-
tials are projected from subcortical structures that also
project to descending motor pathways. In humans, the
indication is that postanoxic action myoclonus has its
basis in reflex hyperactivity of the reticular formation
and that the only consistent damage is in the cerebellum
rather than in the cerebral cortex (see above, under
“Intention or Action [Postanoxic] Myoclonus”). Also as
already noted, several types of myoclonus are closely
coupled with cerebellar cortical degenerations.

Pathologic examinations have been of little help in
determining the essential sites of this unstable neuronal
discharge because, in most cases, the neuronal disease is
so diffuse. Nonetheless, the most restricted lesions asso-
ciated with myoclonus seemingly are located in the cere-
bellar cortex, dentate nuclei, and pretectal region. A lack
of modulating influence of the cerebellum on the thalamo-
cortical system of neurons has been postulated as a
mechanism, but it is uncertain whether the disinhibited
motor activity is then expressed through corticospinal or
reticulospinal pathways. For example, pentylenetetrazol
(Metrazol) injections evoke myoclonus in the limbs of
animals, and the myoclonus persists after transection of
corticospinal and other descending tracts until the lower
brainstem (medullary reticular) structures are destroyed.

PATHOLOGIC STARTLE SYNDROMES

To some degree, everyone startles or jumps in reaction to
a totally unanticipated, potentially threatening stimulus.
This normal startle reflex is probably a protective reac-
tion, being seen also in animals, and its purpose seem-
ingly is to prepare the organism for escape. By pathologic
startle we refer to a greatly exaggerated startle reflex and
to a group of other stimulus-induced disorders of which
startle is a predominant part. In most ways, startle can-
not be separated from myoclonus (simplex) except for its
generalized nature and a striking evocation by various
stimuli. With the description of an increasing number of
cases of startle disease, the special attributes of the phe-
nomenon have become clarified. Any stimulus—most
often an auditory one but also a flash of light, a tap on
the neck, back, or nose, or even the presence of someone
behind the patient—can normally evince a sudden con-
traction of the orbicularis, neck, and spinal musculature
and even the legs. In the abnormal startle response, the
contraction is of greater amplitude and is more wide-
spread, with less tendency to habituate. There may be a
jump and occasionally an involuntary shout and fall to
the ground.

Aside from exaggerated forms of the normal startle
reflex, the commonest isolated syndrome is so-called star-
tle disease, also referred to as hyperexplexia or hyperekplexia
(Gastaut and Villeneuve). This is a familial disease (e.g., in
the “jumping Frenchmen of Maine,” and others, as
described further on). The subject has been reviewed by
Wilkins and colleagues and by Ryan and associates. The
aberrant gene is known to be in the oq-subunit of the
inhibitory glycine receptor GLRA1 (Shiang et al).

As pointed out by Suhren and associates and by Kur-
czynski, the condition is transmitted in some families as
an autosomal dominant trait. In the proband described by
Kurczynski, affected infants were persistently hypertonic
and hyperreflexic (up to 2 to 4 years of age) and had noc-
turnal and sometimes diurnal generalized myoclonic
jerks, all of which subsided with maturation.

Later in life, excessive startle must be distinguished
from epileptic seizures, which may begin with a startle or
massive myoclonic jerk (startle epilepsy) and from the
multiple tic disorder Gilles de la Tourette syndrome, of
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which startle may be a prominent manifestation (Chap. 4).
With idiopathic startle disease, even with a fall, there is no
loss of consciousness, and the manifestations of tic and
other neurologic abnormalities are absent.

An auditory startle response may be a manifestation of
other neurologic diseases. It is a prominent feature of Tay-
Sachs disease, SSPE, and of some cases of the “stiff-man
syndrome.” Auditory, visual, and somatic startle reactions
are also conspicuous in some of the lipid storage diseases
and in Creutzfeldt-Jakob disease.

The mechanism of the startle response has been a mat-
ter of speculation. In animals, the origin of the phenom-
enon has been localized in the pontine reticular nuclei,
with transmission to the lower brainstem and spinal
motor neurons via the reticulospinal tracts. During the
startle, the EEG may show a vertex or frontal spike-
slow-wave complex, followed by a general desynchroni-
zation of the cortical thythms; between startles the EEG
is normal. Some authors have postulated a disinhibition
of certain brainstem centers. Others, on the basis of test-
ing by somatosensory evoked potentials, have sug-
gested that hyperactive long-loop reflexes constitute the
physiologic basis of startle disease (Markand et al).
Wilkins and coworkers consider hyperexplexia to be an
independent phenomenon (different from the normal
startle reflex) and to fall within the spectrum of stimu-
lus-sensitive myoclonic disorders. Presumably, the
altered glycine receptor is the source of some form of
hyperexcitability in one or another of the motor or retic-
ular alerting systems.

The nature of the phenomenon displayed by the “jump-
ing Frenchmen of Maine” has been disputed. The syn-
drome was described originally by James Beard, in 1868,
among small pockets of French-speaking lumberjacks in
northern Maine. The subjects displayed a greatly exagger-
ated response to minimal stimuli, to which there was no
adaptation. The reaction consisted of jumping, raising the
arms, screaming, and flailing of limbs, sometimes with
echolalia, echopraxia, and a forced obedience to com-
mands, even if this entailed a risk of serious injury. A sim-
ilar syndrome in Malaysia and Indonesia is known as latah
and in Siberia as myriachit. This syndrome has been
framed in psychologic terms as conditioned responses
(Saint-Hilaire et al) or as culturally determined behavior
(Simons). Possibly some of the complex secondary phe-
nomena can be explained in this way, but the stereo-
typed onset with an uncontrollable startle and the
familial occurrence in our view attest to a clear biologic
basis for all these syndromes.

Treatment

Clonazepam controls the startle disorders to varying
degrees.

SPASMODIC TORTICOLLIS AND
OTHER FOCAL DYSTONIAS

These focal or segmental dystonias, in contrast to the gen-
eralized dystonic disorders described in Chap. 4, are inter-

mittent, brief or prolonged spasms or contractions of a
group of adjacent muscles that places the body part in a
forced and unnatural position. When limited to the neck
muscles, the most common type of focal dystonia, the
spasms may be more pronounced on one side, with rota-
tion and partial extension of the head (idiopathic cervical
dystonia, or torticollis), or the posterior or anterior neck
muscles may be involved predominantly and the head
becomes hyperextended (retrocollic spasm, or retrocollis)
or inclined forward (procollic spasm, or anterocollis). Other
dystonias restricted to craniocervical muscle groups are
spasms of the orbicularis oculi, causing forced closure of
the eyelids (blepharospasm) and contraction of the muscles
of the mouth and jaw, which may cause forceful opening
or closure of the jaw and retraction or pursing of the lips
(oromandibular dystonia). With the latter condition, the
tongue may undergo forceful involuntary protrusion; the
throat and neck muscles may be thrown into violent
spasm when the patient attempts to speak or the facial
muscles may contract in a grimace; the laryngeal muscles
may be involved, imparting a high-pitched, strained qual-
ity to the voice (spasmodic dysphonia). More often, spas-
modic dysphonia (sometimes incorrectly termed “spastic”
dysphonia) occurs as an isolated phenomenon (Chap. 23).

Of the large number of focal dystonias seen in the
movement disorder clinic of Columbia Presbyterian Hos-
pital, 44 percent were classified as torticollis, 26 percent as
spasmodic dysphonia, 14 percent as blepharospasm, 10
percent as focal dystonia of the right hand and arm
(writer’s cramp), and 3 percent as oromandibular dysto-
nia. This roughly corresponds to the distribution in our
own and our colleagues’ practices.

These movement disorders are involuntary and cannot
be inhibited, thereby differing from habit spasms or tics.
At one time torticollis was thought to be a type of neuro-
sis, but all now agree that it is a localized form of dystonia.
As discussed in Chap. 4, it is characteristic of these spasms
and of similar focal dystonias that occur in the hands or
feet to display a simultaneous activation of agonist and
antagonist muscles (cocontraction), to have a tendency for
the spasm to spread to adjacent muscle groups that are not
normally activated in the movement (overflow), and to
include an arrhythmic intermixed tremor; but these fea-
tures tend not to be as prominent in most focal dystonias
as in the generalized varieties (described in Chap. 4). The
tremor in particular may cause difficulty in diagnosis if
the slight degree of underlying dystonia is not appreciated
by careful observation and by palpation of the involved
muscles.

Any of the typical forms of restricted dystonia may rep-
resent a tardive dyskinesia; i.e., they complicate treatment
with neuroleptic drugs (see further on in “Drug-Induced
Tardive Dyskinesias” and “Treatment”). The most com-
mon of these is a more or less constant repetitive move-
ment of the tongue and lips, which may include lip
smacking, tongue protrusion, and similar unnatural oro-
lingual movements. Also, restricted dystonias of the hand
or foot often emerge as components of a number of degen-
erative diseases—Parkinson disease, corticobasal gangli-
onic degeneration, and progressive supranuclear palsy
(all described in Chap. 39). These dystonias may also
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occur in metabolic diseases such as Wilson disease and
nonwilsonian hepatolenticular degeneration. Rarely, a
focal dystonia emerges transiently after a stroke that
involves the striatopallidal system, mainly the internal
segment of the pallidum, or the thalamus, but the varied
locations of these infarctions makes it difficult to draw
conclusions about the mechanism of dystonia. Several
such cases that fall into the category of symptomatic or sec-
ondary dystonias are described by Krystkowiak and col-
leagues and by Munchau and colleagues. Janavs and
Aminoff have summarized several types that are caused
by acquired systemic disorders, including hypoxia, infec-
tions such as AIDS, drugs, and autoantibodies, including
from systemic lupus erythematosus.

The pathogenesis of the idiopathic focal dystonias is
uncertain, although there is evidence that some of them,
like the generalized dystonias, are genetically determined.
Authoritative commentators, including Marsden, have
classed the adult-onset focal dystonias with the broader
category of idiopathic torsion dystonia. This view is based
on several lines of evidence: the recognition that each of
the focal dystonias may appear as an early component of
the idiopathic generalized syndrome in children, the
occurrence of focal and segmental dystonias in family
members of these children, as well as a tendency of the
dystonia in some adult patients to spread to other body
parts. Perhaps the most compelling observation in this
regard has been the finding that there are families in
which the only manifestation of the DYT1 mutation (the
gene abnormality associated with dystonia musculorum
deformans) is a late-onset writer’s cramp or other focal
dystonia. Whether this explains many of the cases of adult
onset focal dystonia is unclear but it does emphasize the
phenotypic variability associated with the DYT1 gene
mutation. The genetics of primary torsion dystonia is
complex and is reviewed in Chap. 39.

It is noteworthy that no consistent pathologic changes
have been demonstrated in any of the idiopathic and geneti-
cally determined dystonias. Most physiologists cast the dis-
order in terms of reduced cortical inhibition of unwanted
muscle contractions, as summarized by Berardelli and col-
leagues. Specific physiologic changes in the cortical areas
that are pertinent to the dystonias associated with overuse of
certain body parts (occupational dystonias) are described
below.

Spasmodic Torticollis (Idiopathic
Cervical Dystonia)

This, the most frequent form of restricted dystonia, is
localized to the neck muscles. It usually begins in early to
middle adult life (peak incidence in the fifth decade), is
somewhat more common in women, as a subtle tilting or
turning of the head and tends to worsen slowly (Fig. 6-2A).
With the exception of the finding of DYT1 gene abnormal-
ity in some patients, it is idiopathic. The quality of the
neck and head movements varies; they may be deliberate
and smooth or jerky but most often cause a persistent
deviation of the head to one side. Sometimes brief bursts
of myoclonic twitching or a slightly irregular, high-fre-
quency tremor accompanies deviation of the head, possi-

bly representing an effort to overcome the contraction of
the neck muscles; however, the tremor tends to beat in the
direction of the dystonic movement. At times the tremor is
far more dominant than is the dystonia, causing difficulty
in diagnosis. The spasms are often worse when the patient
stands or walks and are characteristically reduced or abol-
ished by a contactual stimulus, such as placing a hand on
the chin or neck or exerting mild but steady counterpres-
sure on the side of the deviation or sometimes on the
opposite side, or bringing the occiput in contact with the
back of a high chair. These maneuvers, termed gestes,
become less effective as the disease progresses. In many
cases, the spasms are reduced when the patient lies down.
In chronic cases, as the dystonic position typically becomes
increasingly fixed in position, the affected muscles under-
go hypertrophy. Pain in the contracting muscles is a com-
mon complaint, especially if there is associated cervical
arthropathy.

The most prominently affected muscles are the sterno-
mastoid, levator scapulae, and trapezius. EMG studies
also show sustained or intermittent activity in the poster-
ior cervical muscles on both sides of the neck. The levator
spasm lifts the affected shoulder slightly, and palpable
tautness in this muscle is sometimes the earliest feature.
As a general observation, we have been impressed with
information gained from palpating the muscles of the neck
and shoulder in order to establish which muscles are the
predominant causes of the spasm and to direct treatment.
In most patients the spasms remain confined to the neck
muscles and persist in unmodified form, but in some the
spasms spread, involving muscles of the shoulder girdle
and back or the face and limbs. The distinction between
these patterns is not fundamental. About 15 percent of
patients with torticollis also have oral, mandibular, or
hand dystonia, 10 percent have blepharospasm, and a
similarly small number have a family history of dystonia
or tremor (Chan et al). As already noted, no neuropatho-
logic changes were found in the single case studies
reported by Tarlov and by Zweig and colleagues.

Spasmodic torticollis is resistant to treatment with L-
dopa and other antiparkinsonian agents, although occa-
sionally they give slight relief. In a few of our patients
(four or five of several dozens), the condition disappeared
without therapy, an occurrence observed in 10 to 20 per-
cent in the series of Dauer et al. In their experience, remis-
sions usually occurred during the first few years after
onset in patients whose disease began relatively early in
life; however, nearly all these patients relapsed within 5
years.

Treatment

The periodic (every 3 to 6 months) injection of small
amounts of botulinum toxin directly into several sites in the
affected muscles is by far the most effective form of treat-
ment. The injections are best guided by palpation of mus-
cles in spasm and by EMG analysis to determine which of
the tonically contracted muscles are most responsible for
the aberrant postures. All but 10 percent of patients with
torticollis have had some degree of relief from symptoms
with this treatment. Adverse effects (excessive weakness of



Figure 6-2. Dystonic movement disorders.
A. Young man with severe spasmodic retro-
collis. Note hypertrophy of sternocleidomas-
toid muscles. B. Meige syndrome of severe
blepharospasm and facial-cervical dystonia.
C. Characteristic athetoid-dystonic deformi-
ties of the hand in a patient with tardive
dyskinesia. (Photographs courtesy of Dr.
Joseph M. Waltz.)
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injected muscles, local pain, and dysphagia—the latter
from a systemic effect of the toxin) are usually mild and
transitory. Five to 10 percent of patients eventually become
resistant to repeated injections because of the development
of neutralizing antibodjies to the toxin (Dauer et al).

In the most severe cases and those refractory to treat-
ment with botulinum toxin, a combined sectioning of the
spinal accessory nerve (of the more affected sternomas-
toid) and of the first three cervical motor roots bilaterally
has been successful in reducing spasm of the muscles
without totally paralyzing them. Considerable relief has
been achieved for as long as 6 years in one-third to one-
half of cases treated in this way (Krauss et al; Ford et al).
Bilateral thalamotomy has also been tried, but because it is
less effective and carries considerable risk, particularly to
speech and swallowing, it should be reserved for the most
severely affected patients with more widespread dystonia.
These surgical procedures are rarely necessary now that
botulinum toxin treatment has been refined.

Blepharospasm

From time to time, patients in late adult life, predomi-
nantly women, present with the complaint of inability to
keep their eyes open. Any attempt to look at a person or
object is associated with a persistent tonic spasm of the
eyelids (see Fig. 6-2B). During conversation, the patient
struggles to overcome the spasms and is distracted by
them. All customary activities are hampered to a varying
extent. Reading and watching television are impossible at
some times but surprisingly easy at others. Jankovic and
Orman, in a survey of 250 such patients, found that the
condition of 75 percent progressed in severity over the
years to the point, in about 15 percent of cases, where the
patients were, in effect, functionally blind. Many instances
of blepharospasm are a component of Meige syndrome
(see next section).

One’s first inclination is to think of this disorder as pho-
tophobia or a response to an ocular irritation, and, indeed,
the patient may state that bright light is annoying (ocular
inflammation, especially of the iris, may produce severe
reflex blepharospasm). However, the spasms persist in
dim light and even after anesthesia of the corneas.
Extraocular movements are quite normal. Blepharospasm
may occur as an isolated phenomenon, but just as often it
is combined with oromandibular spasms (see below) and
sometimes with spasmodic dysphonia, torticollis, and
other dystonic fragments. With the exception of a depres-
sive reaction in some patients, psychiatric symptoms are
lacking, and the use of psychotherapy, biofeedback, acu-
puncture, behavior modification therapy, and hypnosis
has generally failed to cure the spasms. No neuropatho-
logic lesion or neurochemical profile has been established
in any of these disorders (Marsden et al; see also Hallett).

Treatment

In the treatment of blepharospasm, a variety of antipar-
kinsonian, anticholinergic, and tranquilizing medications
may be tried, but one should not be optimistic about the
chances of success. Very few of our patients have had tem-

porary and partial relief from L-dopa and we have found
it useful to conduct a brief trial in most patients. Some-
times the blepharospasm disappears spontaneously (in 13
percent of the cases in the series of Jankovic and Orman).
The most effective treatment consists of the injection of
botulinum toxin into several sites in the orbicularis oculi
and adjacent facial muscles. The benefit lasts for 3 to 6
months and repeated cycles of treatment are usually
required. There appear to be few adverse systemic effects
because of the low doses used. Thermolytic destruction of
part of the fibers in the branches of the facial nerves that
innervate the orbicularis oculi muscles is reserved for the
most resistant and disabling cases.

Other Causes of Blepharospasm

There are several clinical settings other than the one
described above in which blepharospasm may be observed.
In the days following cerebral infarction or hemorrhage,
the stimulus of lifting the patient’s eyelids may lead to
strong involuntary closure of the lids. Reflex blepharospasm, as
Fisher has called this phenomenon, is more commonly
associated with a left than a right hemiplegia. A homolat-
eral blepharospasm has also been observed with a small
thalamomesencephalic infarct. In patients with Parkinson
disease, progressive supranuclear palsy, or Wilson disease
and with other lesions in the rostral brainstem, light closure
of the eyelids may induce blepharospasm and an inability
to open the eyelids voluntarily.

We have seen an instance of blepharospasm as part of
paraneoplastic midbrain encephalitis, and there have been
several reports of it with autoimmune disease such as sys-
temic lupus but the mechanism in these cases is as obscure
as for the idiopathic variety. Also among our patients have
been two with myasthenia gravis and blepharospasm of
the type described by Roberts and colleagues, but we have
been unable to ascertain if this represented a functional
disturbance or simply an exaggerated response to keeping
the lids open. Finally, eye closure with fluttering of the lids
in patients with a high degree of suggestibility is usually
indicative of a psychological disorder. Blepharospasm
induced by pain from ocular conditions such as iritis and
rosacea of the eyelids has already been mentioned.

Lingual, Facial, and Oromandibular Spasms

These special varieties of involuntary movements also
appear in later adult life, with a peak age of onset in the
sixth decade. Women are affected more frequently than
men. The most common type is characterized by forceful
opening of the jaw, retraction of the lips, spasm of the
platysma, and protrusion of the tongue; or the jaw may be
clamped shut and the lips may purse (Fig. 6-2B). Other pat-
terns include lateral jaw deviation and bruxism. Common
terms for this condition are the Meige syndrome, after the
French neurologist who gave an early description of it, and
the Brueghel syndrome, because of the similarity of the gro-
tesque grimace to that of a subject in a Brueghel painting
called De Gaper. Difficulty in speaking and swallowing
(spastic or spasmodic dysphonia) and blepharospasm are
also frequently conjoined, and occasionally patients with
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these disorders develop torticollis or dystonia of the trunk
and limbs. A number have tremor of affected muscles or of
the hands as well. All these prolonged, forceful spasms of
facial, tongue, and neck muscles have followed the admin-
istration of phenothiazine and butyrophenone drugs. More
often, however, the disorder induced by neuroleptics is
somewhat different, consisting of choreoathetotic chewing,
lip smacking, and licking movements (tardive orofacial
dyskinesia, rabbit-mouth syndrome; see later).

Very few cases of the Meige syndrome have been studied
neuropathologically. In most of them no lesions were
found. In one patient there were foci of neuronal loss in the
striatum (Altrocchi and Forno); another patient showed a
loss of nerve cells and the presence of Lewy bodies in the
substantia nigra and related nuclei (Kulisevsky et al); both
are of very uncertain significance.

A form of focal dystonia that affects only the jaw muscles
has been described (masticatory spasm of Romberg); a simi-
lar dystonia may be a component of orofacial and general-
ized dystonias. In the cases described by Thompson and
colleagues, the problem began with brief periods of spasm
of the pterygoid or masseter muscle on one side. Early on,
the differential diagnosis includes bruxism, hemifacial
spasm, the odd rhythmic jaw movements associated with
Whipple disease, and tetanus. As the illness progresses,
forced opening of the mouth and lateral deviation of the
jaw may last for days and adventitious lingual movements
may be added. A form that occurs with hemifacial atrophy
has been described by Kaufman. High doses of benztropine
may be helpful, but local botulinum toxin injection is prob-
ably the best alternative. An intermittent spasm that is con-
fined to one side of the face (hemifacial spasm) is not,
strictly speaking, a dystonia and is considered with disor-
ders of the facial nerve in Chap. 47.

Treatment

Many drugs have been used in the treatment of these
craniocervical spasms, but none has effected a cure. As
with the other focal and regional dystonias, much greater
success has been obtained with injections of botulinum
toxin into the masseter, temporal, and internal pterygoid
muscles. This is true also for spasmodic dysphonia (dis-
cussed more fully in Chap. 23), which responds favorably
to injections of the toxin into the thyroarytenoid vocalis
muscles.

Writer’'s Cramp, Musician’s Spasm,
and Other Task-Specific Dystonias

Occupational cramps or spasms are included here because
the prevailing opinion is that they are an acquired form of
restricted or focal “task-specific” dystonias. Men and
women are equally affected, most often between the ages of
20 and 50 years. In the most common form, writer’s cramp,
the patient observes, upon attempting to write, that all the
muscles of the thumb and fingers either go into spasm or
are inhibited by a feeling of stiffness and pain or hampered
in some other inexplicable way. The spasm may be painful
and can spread into the forearm or even the upper arm and
shoulder. Sometimes the spasm fragments into a tremor

that interferes with the execution of fluid, cursive move-
ments. Immediately upon cessation of writing, the spasm
disappears. At all other times and in the execution of
grosser movements, the hand is normal, and there are no
other neurologic abnormalities. Many patients learn to
write in new ways or to use the other hand, though that,
too, may become involved. A few of our younger patients
have developed spasmodic torticollis at a later date.

The performance of other highly skilled motor acts, such
as playing the piano or fingering the violin, may acquire a
similar highly task-dependent spasm (“musician’s cramp”)
or in the past, telegrapher’s palsy. The “loss of lip” in trom-
bonists and other instrumentalists represents an analogous
phenomenon, seen only in experienced musicians. In each
case a delicate motor skill, perfected by years of practice
and performed almost automatically, suddenly comes to
require a conscious and labored effort for its execution. Dis-
crete movements are impaired by a spreading recruitment
of unneeded muscles (intention spasm).

Once developed, the disability persists in varying degrees
of severity, even after long periods of inactivity of the
affected part.

In monkeys, Byl and colleagues found that sustained,
rapid, and repetitive highly stereotypical movements greatly
expand the area of cortical representation of sensory infor-
mation from the hand. These authors hypothesized that deg-
radation of sensory feedback to the motor cortex was
responsible for excessive and persistent motor activity,
including dystonia. A similar enlargement of the area of cor-
tical response to magnetic stimulation has also been found
by a number of investigators in patients with writer’s cramp
and the volume of gray matter was decreased in the sensori-
motor cortex, thalamus, and cerebellum corresponding to
the affected hand by Delmaire and coworkers. Berardelli et al
have reviewed other theories pertaining to the physiology of
the focal dystonias.

Treatment

A high degree of success has been obtained by injections
of botulinum toxin into specifically involved muscles,
such as those of the hand and forearm in cases of writer’s
cramp (Cohen et al; Rivest et al), and this is now the most
widely used form of therapy. The best results are obtained
by guiding the injection from both palpation and EMG
detection of the specific muscles that are active in the dys-
tonic posture.

Transcutaneous electrical stimulation (TENS) of the
forearm in 20-minute sessions has a modest effect accord-
ing to a study by Tinazzi and colleagues. It had been
claimed that the patient can be helped by a decondition-
ing procedure that delivers an electric shock whenever the
spasm occurs or by biofeedback, but these forms of treat-
ment have not been rigorously tested and have been
largely abandoned in favor of botulinum treatments.

Drug-Induced Tardive Dyskinesias
(See also Chap. 43)

Dyskinesia is a broadly encompassing term that is applied
to many involuntary movements including those taking
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the conventional forms of dystonia, chorea, athetosis, and
tremor and the less well-defined ones that are produced
by L-dopa therapy in Parkinson disease. When modified
by the adjective tardive, it refers specifically to movements
induced by the use of antipsychosis drugs, usually pheno-
thiazines, which persist after the drugs are withdrawn.
The movements are intermittent or persistent and not sub-
ject to the will of the patient. The facial, lingual, eyelid,
and bulbar muscles are most often involved, but neck,
shoulder, and spine muscles with arching of the back may
be implicated in individual cases as noted below. In par-
ticular, tardive dyskinesia has come to refer to striking
repetitive, stereotyped, almost rhythmic mouth and
tongue movements that follow exposure to an offending
drug and that, once established, persist for months or
years. If the drug is discontinued immediately after the
movements appear, the problem may not persist. There
may be added blepharospasm and truncal, hand, or neck
movements and akathisia of the legs, but these are not
nearly so prominent as the orofacial and lingual dyskine-
sias. The problem is easily recognized and familiar to all
physicians who treat psychiatric patients. Oromandibular
spasm and blepharospasm (Meige syndrome) and Hun-
tington disease may cause difficulty in diagnosis.

In addition to the well-known phenothiazine drugs, less
familiar ones such as metoclopramide, pimozide, amox-
apine, and clebopride, some of which are used for disor-
ders other than psychosis, and newer agents such as
risperidone may also be the cause. Longer exposure is
more likely to cause the movements.

There are a number of other drug-induced tardive move-
ment syndromes, mainly varieties of dystonias, some of
which have been mentioned earlier, and akathisia (see fur-
ther on). Often they begin focally in the neck and spread
over time to the limbs. One highly characteristic pattern
combines retrocollis, backwards arching of the trunk, inter-
nal rotation of the arms, extension of the elbows, and flex-
ion of the wrists simulating an opisthotonic posture. A few
patients have both orofacial and cervical dyskinesias. Many
patients report that the dystonia abates during walking and
other activities, quite unlike idiopathic torsion dystonia. In
current thinking, these drug-induced dyskinesias are
viewed as the result of changes in the concentration of
dopamine receptors, five of which are currently known, as
discussed in Chap. 4. Blockade and subsequent unmasking
of the D2 receptor have been specifically linked to the
development of the tardive syndromes.

Treatment

Little has been found to be consistently effective. If the
movements follow withdrawal of one of the offending
drugs, reinstitution of the medication in small doses often
reduces the dyskinesias but may have the undesired side
effects of causing parkinsonism and drowsiness. For this
reason most clinicians who are experienced in this field
have tended to avoid using the offending drugs if possible
and resort to the newer antipsychosis drugs, which have a
lower but not inconsequential risk of inducing tardive
movements. In fact, the newer “atypical” antipsychosis
drugs may ameliorate the movements to a variable degree
and are an option if ongoing psychiatric treatment is

required. The movements lessen over a period of months
or years and mild cases abate on their own or leave little
residual effect; rarely have the symptoms worsened. Their
effect is believed to be the result of slight blocking of D2
activity.

Dopamine and noradrenergic-depleting drugs such as
reserpine and tetrabenazine have also been successful if
used carefully but the more effective of the two, tetrabena-
zine, is difficult to obtain. The dystonias also respond to
anticholinergic drugs (trihexyphenidyl 2.5 mg once or
twice daily, increased by small increments weekly up to
12.5 mg) if high enough doses can be tolerated.

Further discussion of the side effects of the antipsycho-
sis drugs is found in Chaps. 43 and 58.

TICS AND HABIT SPASMS

Many persons throughout their lives are given to habitual
movements. These range from simple, highly personal-
ized, idiosyncratic mannerisms (e.g., of the lips and
tongue) to repetitive actions such as sniffing, clearing the
throat, protruding the chin, or blinking whenever these
individuals become tense. Stereotypy and irresistibility
are the main identifying features of these phenomena. The
patient admits to making the movements and feels com-
pelled to do so in order to relieve perceived tension. Such
movements can be suppressed for a short time by an effort
of will, but they reappear as soon as the subject’s attention
is diverted. In certain cases the tics become so ingrained
that the person is unaware of them and seems unable to
control them. An interesting feature of many tics is that
they correspond to coordinated acts that normally serve
some purpose to the organism. It is only their incessant
repetition when uncalled for that marks them as habit
spasms or tics. The condition varies widely in its expres-
sion from a single isolated movement (e.g., blinking, sniff-
ing, throat clearing, or stretching the neck) to a complex of
movements.

Children between 5 and 10 years of age are especially
likely to develop habit spasms. These consist of blinking,
hitching up one shoulder, sniffing, throat clearing, jerking
the head or eyes to one side, grimacing, etc. If ignored,
such spasms seldom persist for longer than a few weeks
or months and tend to diminish if the child is provided
rest and a calmer environment. In adults, relief of nervous
tension by sedative or tranquilizing drugs may be helpful,
but the disposition to tics persists. A putative relationship
to streptococcal infection is discussed below.

When idle, adults often display a wide variety of fidget-
ing types of movement, gestures, and mannerisms that
vary in degree from one person to another. They are
slower and more complex than tics and spasms. Special
types of rocking, head bobbing, hand waving (in autism)
or hand wringing (typical of Rett syndrome), and other
movements, particularly self-stimulating movements, are
disorders of motility unique to the mentally retarded.
These “rhythmias” have no known pathologic anatomy in
the basal ganglia or elsewhere in the brain. Apparently
they represent a persistence of some of the rhythmic,
repetitive movements of normal infants. In some cases of
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impaired vision and photic epilepsy, eye rubbing or mov-
ing the fingers rhythmically across the field of vision is
observed, especially in mentally retarded children.

Gilles de la Tourette Syndrome
(Tourette Syndrome)

Multiple tics—sniffing, snorting, involuntary vocalization,
and troublesome compulsive and aggressive impulses—
constitute the rarest and most severe tic syndrome—
Tourette syndrome. The problem begins in childhood, in
boys three times more often than in girls, usually as a sim-
ple tic. As the condition progresses, new tics are added to
the repertoire. It is the multiplicity of tics and the combina-
tion of motor and vocal tics that distinguish the Tourette
syndrome from the more benign, restricted tic disorders.

Vocal tics, usually loud and irritating in pitch, are char-
acteristic. Some patients display repetitive and annoying
motor behavior, such as jumping, squatting, or turning in
a circle. Other common types of repetitive behavior
include the touching of other persons and repeating one’s
own words (palilalia) and the words or movements of oth-
ers. Explosive and involuntary cursing and the compul-
sive utterance of obscenities (coprolalia) are the most
dramatic manifestations. Interestingly, the latter phenom-
ena are uncommon in Japanese patients, whose decorous
culture and language contain few obscenities. The full rep-
ertoire of tics and compulsions comprised by the Tourette
syndrome has been described by Tolosa and Bayes and
in the reviews by Jankovic and by Leckman, which are
recommended.

Stone and Jankovic have noted the occurrence of persis-
tent blepharospasm, torticollis, and other dystonic fragments
in a small number of patients with Tourette syndrome. Iso-
metric contractions of isolated muscle groups (tonic tics) may
also occur. As in other tic disorders, there is a premonitory
sensation of tightness, discomfort or paresthesia, or a psy-
chic sensation or urge that is relieved by the movement. A
fair proportion stutter or display a mild dysfluency of
speech. So-called soft neurologic signs are noted in half
of the patients. Feinberg and associates have described
four patients with arrhythmic myoclonus and vocaliza-
tion, but it is not clear whether these symptoms repre-
sent an unusual variant of Tourette disease or a new
syndrome. A degree of cyclicality of symptoms has been
noted by several authors; tics tend to happen in groups
over minutes or hours and they are clustered over weeks
and months. This gives the appearance of a waxing and
waning process.

The course of the illness is unpredictable. In half of
adolescents the tics subside spontaneously by early
adulthood and those that persist become milder with
time. Others undergo long remissions only to have tics
recur, but in other patients the motor disorder persists
throughout life. This variability emphasizes the difficulty
in separating transient habit spasms from the Tourette
chronic multiple tic syndrome. Isolated and mild but life-
long motor tics probably represent a variant of Tourette
syndrome insofar as they display the same predomi-
nantly male heredofamilial pattern and similar responses
to medication.

As to behavioral disturbances, an attention-deficit
hyperactivity disorder (see Chap. 28), obsessive-compul-
sive traits, or both are said to be evident at some time in
the course of the illness, and these interfere to a greater
degree than do the tics with progress in school. Poor con-
trol of temper, impulsiveness, self-injurious behavior, and
certain sociopathic traits are seen in some but by no means
all affected children. Evidence of “organic” impairment by
psychologic tests was found in 40 to 60 percent of patients
in the series reported by Shapiro and colleagues, but intel-
ligence did not deteriorate. Nonspecific abnormalities of
the EEG have occurred in more than half of the patients
but are not consistent enough to be considered a feature of
the disease.

In one-third of the cases reported by Shapiro and col-
leagues, isolated tics were observed in other members of
the family. Several other studies have reported a familial
clustering of cases in which the pattern of transmission
appears to be autosomal dominant with incomplete pene-
trance (Pauls and Leckman) but this has been disputed and
several predisposing genes have been found by linkage
analysis. In any genetic explanation, the marked predomi-
nance of males must be accounted for. At the moment,
Tourette disease cannot be attributed to a single genetic
locus. Nonetheless, support for the primary genetic nature
of Tourette syndrome derives from twin studies, which
have revealed higher concordance rates in monozygotic
twin pairs than in dizygotic pairs. An ethnic bias (Ash-
kenazi Jews) has been reported, ranging from 19 to 62 per-
cent in several series, but this has not been borne out in
equally large series in areas that do not have a high propor-
tion of this ethnic population (Lees et al).

As to causation, little is known. The disease is unrelated
to social class or to psychiatric illness; there is no consis-
tent association with infection, trauma, or other disease.
Hyperactive children who have been treated with stimu-
lants appear to be at increased risk of developing or exac-
erbating tics (Price et al) but a causal relationship has not
been established beyond doubt (see comments regarding
treatment below). Reports of a relationship to obsessive-
compulsive disorder have also been inconsistent. MRI has
shown no uniform abnormalities; functional imaging has
demonstrated numerous but inconsistent abnormalities.
Histopathologic changes have not been discerned in the
few brains examined by the usual methods. However,
Singer and coworkers (1991), who analyzed pre- and
postsynaptic dopamine markers in postmortem striatal
tissue, found a significant alteration of dopamine uptake
mechanisms; more recently, Wolf and colleagues have
found that differences in D2 dopamine receptor binding in
the head of the caudate nucleus reflected differences in the
phenotypic severity of Tourette syndrome. These observa-
tions, coupled with the facts that L-dopa exacerbates the
symptoms of Tourette syndrome and that haloperidol,
which blocks dopamine (particularly D2) receptors, is an
effective treatment, support the notion of a dopaminergic
abnormality in the basal ganglia, more specifically in the
caudate nucleus. In this respect, instances of compulsive
behavior in relation to lesions in the head of the caudate
nucleus and its projections from orbitofrontal and cingu-
late cortices may be pertinent.
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Using the model of Sydenham chorea, a recent line of
investigation implicates streptococcal infection in the genesis
of abruptly appearing Tourette syndrome and of less-gener-
alized tics in children. This association has been extended by
some authors to explain obsessive-compulsive behavior of
sudden and unexplained onset. These putative poststrepto-
coccal disorders were summarized by Swedo and colleagues
under the acronym PANDAS (pediatric autoimmune neuro-
psychiatric disorders with streptococcal infection). In a few
cases there has been a relapsing course that is similar to that
seen in Sydenham chorea. These observations taken together
are intriguing but not confirmed and several groups have
been unable to differentiate patients with PANDAS and
Gilles de la Tourette syndrome from controls on the basis of
serum autoantibodies (Singer et al, 2005).

Treatment

Two classes of drugs are used in treatment. The alphay-
adrenergic agonists clonidine and guanfacine have been
useful in several studies, but not in others. These are not as
potent as treatment with neuroleptic drugs, but their side
effects are far less severe and they are recommended as the
first treatment. The newer drug, guanfacine has the advan-
tage over clonidine of daily dosing and less sedating effect.
The initial dose is 0.5 to 1 mg given at bedtime and gradu-
ally increased as needed to a total dose of 4 mg. Clonidine is
started as a bedtime dose of 0.05 mg and increased every
several days by 0.05 mg until a total dose of about 0.1 mg
three times daily; guanfacine is given as 1 mg at bedtime
and increased by 1 mg monthly, up to 3 mg if needed. The
neuroleptics haloperidol, pimozide, sulpiride, and tiapride
have proved to be effective therapeutic agents but should
be used only in severely affected patients and usually after
the adrenergic agents have been tried. Haloperidol is insti-
tuted in small doses (0.25 mg initially, increasing the dosage
gradually to 2 to 10 mg daily). The addition of benz-
tropine mesylate (0.5 mg daily) at the outset of treatment
may help to prevent the adverse motor effects of haloperi-
dol. Pimozide, which has a more specific antidopaminergic
action than haloperidol, may be more effective than halo-
peridol; it should be given in small amounts (0.5 mg daily)
to begin with and increased gradually to 8 to 9 mg daily.
The so-called atypical neuroleptics, such as risperidone,
have also been used with some success. The potent agent
tetrabenazine, a drug that depletes monoamines and blocks
dopamine receptors, may be useful if high doses can be tol-
erated. Further details of the use of these drugs can be
found in the review by Leckman.

Simple and isolated motor tics often respond well to clo-
nazepam. Another interesting approach has been to inject
botulinum toxin in muscles affected by prominent focal
tics, including the vocal ones as described by Scott and col-
leagues; curiously, this treatment is said to relieve the pre-
monitory sensory urge. Kurlan and associates noted a
lessening of tics after treatment with naltrexone, 50 mg
daily. According to a trial conducted by the Tourette’s Syn-
drome Study Group, the hyperactivity component of the
Tourette syndrome can be treated safely with methylphen-
idate or clonidine without fear of worsening the tics.

Akathisia

This term was coined by Haskovec in 1904 to describe an
inner feeling of restlessness, an inability to sit still, and a
compulsion to move about. When sitting, the patient con-
stantly shifts his body and legs, crosses and uncrosses his
legs, and swings the free leg. Running in place and persis-
tent pacing are also characteristic. This abnormality of
movement is most prominent in the lower extremities and
may not be accompanied, at least in mild forms of aka-
thisia, by perceptible rigidity or other neurologic abnor-
malities. In its advanced form, patients complain of
difficulty in concentration, distracted, no doubt, by the
constant urge to move.

First noted in patients with Parkinson disease and senile
dementia, akathisia is now observed most often in patients
receiving neuroleptic drugs (Chap. 43). However, this disor-
der may be observed in psychiatric patients who are receiv-
ing no medication and in some unmedicated patients with
Parkinson disease; it can also be induced in normal individ-
uals by the administration of neuroleptic drugs or L-dopa.

The main diagnostic considerations are an agitated depres-
sion, particularly in patients already on neuroleptic medica-
tions, and the “restless legs” syndrome—a sleep disorder
that may be evident during wakefulness in severe cases
(Chap. 19). Patients with the restless leg syndrome describe a
crawling or drawing sensation in the legs rather than an
inner restlessness, although both disorders create an irresist-
ible desire for movement. At times these distinctions are
blurred. Many of the medications used for the restless legs
syndrome, such as propoxyphene or clonazepam, may be
tried, or treatment can be directed to the akathisia by select-
ing a less potent neuroleptic (if it is the suspected cause) or
by using an anticholinergic medication, amantadine, or—
perhaps the more effective and best tolerated—beta-adrener-
gic—blocking drugs.
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Disorders of Stance and Gait

Certain disorders of motor function manifest themselves
most clearly as impairments of upright stance and locomo-
tion; their evaluation depends on knowledge of the neural
mechanisms underlying these peculiarly human functions.
The analysis of stance, carriage, and gait is a particularly
rewarding medical exercise; with some experience, the
examiner can sometimes reach a neurologic diagnosis
merely by noting the manner in which the patient enters
the office. Considering the frequency of falls that result
from gait disorders and their consequences, such as hip
fracture, and the resultant need for hospital and nursing
home care, this is an important subject for all physicians.
The substantial dimensions of this social and economic
problem are well described by Tinetti and Williams.

NORMAL GAIT

The normal gait seldom attracts attention but it should be
observed with care if slight deviations from normal are to
be appreciated. The body is erect, the head is straight, and
the arms hang loosely and gracefully at the sides, each
moving rhythmically forward with the opposite leg. The
feet are slightly everted, the steps are approximately
equal, and the internal malleoli almost touch as each foot
passes the other. The medial edges of the heels, as they
strike the ground with each step, lie almost along a
straight line. As each leg moves forward, there is coordi-
nated flexion of the hip and knee, dorsiflexion of the foot,
and a barely perceptible elevation of the hip, so that the
foot clears the ground. Also, with each step, the thorax
advances slightly on the side opposite the swinging lower
limb. The heel strikes the ground first, and inspection of
the shoes will show that this part is most subject to wear.
The normal gait cycle, defined as the period between suc-
cessive points at which the heel of the same foot strikes the
ground, is illustrated in Fig. 7-1, based on the studies of Mur-
ray and coworkers and of Olsson. In this figure, the cycle is
initiated by the heel strike of the right foot. The stance phase,
during which the foot is in contact with the ground, occupies
60 to 65 percent of the cycle. The swing phase begins when the
right toes leave the ground. For 20 to 25 percent of the walk-
ing cycle, both feet are in contact with the ground (double-
limb support). In later life, when the steps shorten and the
cadence (the rhythm and number of steps per minute)

decreases, the proportion of double-limb support increases
(see further on). Surface electromyograms show an alternat-
ing pattern of activity in the legs, predominating in the flex-
ors during the swing phase and in the extensors during the
stance phase.

When analyzed in greater detail, the requirements for
locomotion in an upright, bipedal position may be
reduced to the following elements: (1) antigravity support
of the body, (2) stepping, (3) the maintenance of equilib-
rium, and (4) a means of propulsion. Locomotion is
impaired in the course of neurologic disease when one or
more of these mechanical principles are prevented from
operating normally.

The muscles of greatest importance in maintaining the
erect posture are the erector spinae and the extensors of
the hips and knees. The upright support of the body is
provided by righting and antigravity reflexes, which allow a
person to arise from a lying or sitting position to an
upright bipedal stance and to maintain firm extension of
the knees, hips, and back, modifiable by the position of the
head and neck. These postural reflexes depend on the
afferent vestibular, somatosensory (proprioceptive and
tactile), and visual impulses, which are integrated in the
spinal cord, brainstem, and basal ganglia. Transection of
the neuraxis between the red and vestibular nuclei leads
to exaggeration of these antigravity reflexes—decerebrate
rigidity.

Stepping, the second element, is a basic movement pat-
tern present at birth and integrated at the spinal midbrain
and diencephalic levels. It is elicited by contact of the sole
with a flat surface and a shifting of the center of gravity—
first laterally onto one foot, allowing the other to be
raised, and then forward, allowing the body to move onto
the advancing foot. Rhythmic stepping movements can be
initiated and sustained in decerebrate or “spinal” cats and
dogs. This is accomplished through the activity of inter-
neurons that are organized as rhythmic “locomotor gener-
ators,” akin to the pattern generators that permit the
rhythmic movement of wings or fins. There is no evidence
for a similar system of locomotor control in monkeys or
humans, in whom the spinal mechanisms for walking can-
not function independently of vaguely organized higher
command centers. The latter are located in the posterior
subthalamic region, caudal midbrain tegmentum, and
pontine reticular formation; they control the spinal gait
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mechanisms through the reticulospinal, vestibulospinal,
and tectospinal pathways in the ventral cord (see Eidel-
berg and colleagues and Lawrence and Kuypers). In the
human, the brainstem locomotor regions are also acti-
vated by cerebral cortical centers.

The frontal lobe is absolutely integral to initiating and
engaging the gait cycle. The presence of a true “gait cen-
ter” in the cerebrum is uncertain, although certain frontal
lesions can sometimes devastate gait as discussed further
on. Most often, it has been the supplementary motor areas
relating to the legs (first frontal gyri on both sides) that are
implicated as pointed out by Della Sala and colleagues but
Benson and coworkers have emphasized that the frontal
periventricular areas are disproportionately involved in
cases of subcortical vascular disease that compromise
walking. The gait disorder of frontal lobe disease has a
number of nonspecific characteristics including difficulty
with starting to walk, short steps, widened base, and a
tendency to fall backwards (retropulsion). In all likelihood
the medial frontal lobes embody automatic programs for
walking that are intimately tied to adjacent networks in
the striatum.

Equilibrium involves the maintenance of balance in rela-
tion to gravity and to the direction of movement in order
to retain a vertical posture. The center of gravity during
the continuously unstable equilibrium that prevails in
walking must shift within narrow limits from side to side
and forward as the weight is borne first on one foot, then
on the other. This is accomplished through the activity of
highly sensitive postural and righting reflexes, both
peripheral (stretch reflexes) and central (vestibulocerebel-
lar reflexes). These reflexes are activated within 100 ms of
each shift in the support surface and require reliable affer-
ent information from the visual, vestibular, and proprio-
ceptive systems.

Propulsion is provided by leaning forward and slightly
to one side and permitting the body to fall a certain dis-
tance before being checked by the support of the leg. Here

both forward and alternating lateral movements must
occur. But in running, where at one moment both feet are
off the ground, a forward drive or thrust by the hind leg is
also required.

Obviously, gait varies considerably from one person to
another and it is a commonplace observation that a person
may be identified by the sound of his footsteps, notably
the pace and the lightness or heaviness of tread. The man-
ner of walking and the carriage of the body may even pro-
vide clues to an individual’s personality and occupation.
Sherlock Holmes expressed pride in his talent for reading
such clues. Furthermore, the gaits of men and women dif-
fer, a woman'’s steps being quicker and shorter. The
changes in stance and gait that accompany aging—the
slightly stooped posture and slow, stiff tread as described
in Chap. 29, on aging—are so familiar that they are not
perceived as abnormalities.

ABNORMAL GAITS

General Comments

Because normal body posture and locomotion require
intact vestibular function, proprioception, and vision (we
see where we are going and pick our steps), the effects on
normal function of deficits in these senses are worth noting.

A blind person—or a normal one who is blindfolded or
walks in the dark—moves cautiously, with arms slightly
forward to avoid collisions, and shortens his step slightly
on a smooth surface; with shortening of the step, there is
less rocking of the body and the gait is unnaturally stiff
and cautious.

Patients with a chronic vestibulopathy show unsteadi-
ness in standing and walking, often without widening their
base, and an inability to descend stairs without holding
onto the banister. They complain of a particular type of
imbalance, usually with movement but at times when



standing still—a sensation that may be likened to being on
the deck of a rolling ship. Running and turning quickly are
even more impaired, with lurching in all directions. The
patient has great difficulty in focusing his vision on a fixed
target when he is moving or on a moving target when he is
either stationary or moving. When the body is in motion or
the head is moved suddenly, objects in the environment
may appear momentarily blurred or actually jiggle up and
down or from side to side (oscillopsia). Driving a car or
reading on a train is difficult or impossible; even when
walking, the patient may need to stop in order to read a
sign. These abnormalities indicate a loss of stabilization of
ocular fixation by the vestibular system during body move-
ments (the vestibular-ocular reflex, or VOR). An elderly
person has difficulty compensating for these abnormalities.
Proof that the gait of such persons is dependent on visual
clues comes from their performance blindfolded or in the
dark, when their unsteadiness and staggering increase to
the point of falling. When standing with eyes closed, they
sway more than normal but generally do not fall over (ie.,
they have a Romberg sign, as described below). The diag-
nosis is confirmed by testing labyrinthine function (caloric
and rotational testing, electronystagmography, and posture
platform testing). Chronic disorders of vestibular function
in relation to gait disorders are most often the result of pro-
longed administration of aminoglycoside antibiotics or
other toxic medications, which destroy the hair cells of the
vestibular labyrinth. This also occurs in some patients in
the late stages of Méniere disease and, infrequently, for no
definable reason. The literature is replete with references to
a “multimodal” gait disorder in the elderly that is the result
of an ostensible aging of the vestibular organ, together with
impaired proprioceptive function caused by distal neurop-
athy in the elderly (see below) and impaired vision.

A loss of proprioception—as occurs in patients with
severe large-fiber polyneuropathy, posterior root lesions
(e.g., tabes dorsalis, lumbosacral compression), or interrup-
tion of the posterior columns in the spinal cord (multiple
sclerosis, vitamin By, deficiency, spondylotic or tumor com-
pression)—abolishes or seriously impairs the capacity for
independent locomotion. After years of training, such
patients still have difficulty in initiating gait and in forward
propulsion. As J. Purdon Martin illustrated, they hold their
hands slightly in front of the body, bend the body and head
forward, walk with a wide base and irregular, uneven
steps, but still rock the body. If they are tilted to one side,
they fail to compensate for their abnormal posture. If they
fall, they cannot rise without help; they are sometimes
unable to crawl or to get into an “all fours” posture. They
have difficulty in getting up from a chair. When standing, if
instructed to close their eyes, they sway markedly and fall
(Romberg sign); this sign is the clearest indication that the
origin of the problem is a loss of proprioceptive sensibility.
With lesions of the basal ganglia, both in monkeys and in
humans, the posture of the body and the postural responses
to perturbations in equilibrium are faulty. There is difficulty
in taking the first step; once it is taken, and in extreme cases,
the body pitches forward and a fall can be prevented only
by catch-up stepping (propulsion). Similarly, a step back-
ward may induce a series of quickening steps in that direc-
tion (retropulsion). Corrective righting reflexes are clearly
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faulty when the patient is pushed off balance (Denny-
Brown). These abnormalities are elaborated further on,
under “Festinating and Parkinsonian Gait.”

Examination of the Patient
with Abnormal Gait

When confronted with a disorder of gait, the examiner
must observe the patient’s stance and the dominant posi-
tions of the legs, trunk, and arms, and their interrelation-
ship. It is good practice to watch patients as they walk into
the examining room, when they are apt to walk more natu-
rally than during the performance of special tests. They
should be asked to stand with feet together and head erect,
with eyes open and then closed. A normal person can stand
with feet together and eyes closed while moving the head
from side to side, a test that eliminates both visual and ves-
tibular cues and induces certain compensatory trunk and
leg movements that depend solely on proprioceptive affer-
ent mechanisms (Ropper). As already mentioned, the Rom-
berg sign—marked swaying or falling with the eyes closed
but not with the eyes open—usually indicates a loss of pos-
tural sense, not of cerebellar function, although with vestib-
ular or cerebellar disease there may be a slight exaggeration
of swaying. Swaying because of nervousness may be over-
come by asking the patient to touch the tip of his nose alter-
nately with the forefinger of one hand and then the other.

Next, the patient should be asked to walk, noting in par-
ticular any hesitation in starting and negotiating turns,
width of base, length of stride, foot clearance, arm swing,
and cadence. A tendency to veer to one side, as occurs
with unilateral cerebellar disease, can be brought out by
having the patient walk around a chair. When the affected
side is toward the chair, the patient tends to walk into it;
when it is away from the chair, there is a veering outward
in ever-widening circles. More delicate tests of gait are
walking a straight line heel to toe (“tandem walking
test”), walking backward, and having the patient arise
quickly from a chair, walk briskly, stop and turn suddenly,
walk back, and sit down again.

It is instructive to observe the patient’s postural reaction
to a sudden push or pull backward and forward or to the
side. With postural instability of any type there is a delay
or inadequacy of corrective actions. Finally, the patient
may be asked to hop on one leg and to jog. If all these tests
are successfully executed, it may be assumed that any dif-
ficulty in locomotion is not because of impairment of a
proprioceptive, labyrinthine-vestibular, basal ganglionic,
or cerebellar mechanism. Detailed musculoskeletal and
neurologic examination is then necessary to determine
which of several other disturbances of function is respon-
sible for the patient’s disorder of gait.

The following types of abnormal gait (Table 7-1) are so
distinctive that, with practice, they can be recognized at a
glance and interpreted correctly.

Cerebellar Gait

The main features are a wide base (separation of legs),
unsteadiness, irregularity of steps, and lateral veering.
Steps are uncertain, some are shorter and others longer



114 Part2 CARDINAL MANIFESTATIONS OF NEUROLOGIC DISEASE

Table 7-1

FEATURES OF GAIT ABNORMALITIES
CADENCE STEP LENGTH BASE OTHER ASSOCIATED SIGNS
Cerebellar Irregular Slightly short Wide Erratic shifting of weight and step
Sensory ataxic (tabetic)  Normal Short Slightly wide Excessive force in step resulting in
stamping of feet; Romberg sign
Steppage Normal Normal Normal Opverlifting and slapping of feet
Plegic Slow Short Narrow Circumduction and scraping of
affected leg(s)
Dystonic Slow Normal Erratic Twisting athetoid movements
interrupt walking
Parkinsonian- Slow until festination Short Normal Quickening step, forward leaning,
festinating shuffling, may have trouble with
gait initiation
Waddling-myopathic Normal Normal Slightly wide Opverlifting of hip(s)
Toppling Slow until fall Short Widened (protective) Sudden loss of balance
Normal pressure Slow Short Slightly wide Numerous problems with axial body
hydrocephalus movement
Frontal lobe Slow Greatly shortened Slightly wide Difficulty starting and stopping;
(protective) tendency for feet to “stick” to floor
Aging and marche a Slow Slightly shortened ~ Slightly widened Cautious, slight forward lean
petit pas

than intended, and the patient may compensate for these
abnormalities by shortening his steps or even keeping
both feet on the ground simultaneously, which creates
the appearance of shuffling. Cerebellar gait is often
referred to as “reeling” or “drunken,” but these terms are
not correct and are characteristic instead of intoxication
and of certain types of labyrinthine disease, as explained
further on.

With cerebellar ataxia, the unsteadiness and irregular
swaying of the trunk are more prominent when the
patient arises from a chair or turns suddenly while walk-
ing and may be most evident when he has to stop walk-
ing abruptly and sit down; it may be necessary for him to
grasp the chair for support. It is noteworthy that patients
with purely cerebellar gait abnormalities may not com-
plain of imbalance or vertigo. Cerebellar ataxia may be
so severe that the patient cannot sit without swaying or
assistance. If it is less severe, standing with feet together
and head erect is difficult. In its mildest form, the ataxia
is best demonstrated only by having the patient walk a
line heel to toe; after a step or two, he loses his balance
and finds it necessary to place one foot to the side to
avoid falling.

As already emphasized, the patient with cerebellar ataxia
who sways perceptibly when standing with feet together
and eyes open will sway somewhat more with eyes closed.
By contrast, removal of visual clues from a patient with
proprioceptive loss causes a marked increase in swaying or
falling (the earlier-described Romberg sign). Thus, the
defect in cerebellar gait is not primarily in antigravity sup-
port, steppage, or propulsion but in the coordination of the
sensory input from proprioceptive, labyrinthine, and visual
information with reflex movements, particularly those that
are required to make rapid adjustments to changes in pos-
ture and position. This is also reflected in the Unterberger
stepping test, in which the patient is asked to march on the
spot with eyes closed. Those with vestibular and sometimes
unilateral cerebellar disease have difficulty remaining sta-

ble and have a tendency to turn to the left or right or to
move forward (occasionally backward).

Cerebellar abnormalities of stance and gait are usually
accompanied by signs of cerebellar incoordination of the
legs, but they need not be. The presence of the latter signs
depends on involvement of the cerebellar hemispheres as
distinct from the anterosuperior (vermian) midline struc-
tures that dominate in the control of gait as described in
Chap. 5. If the cerebellar lesions are bilateral, there is often
titubation (tremor) of the head and trunk.

Cerebellar gait is seen most commonly in patients with
multiple sclerosis, cerebellar tumors (particularly those
affecting the vermis disproportionately—e.g., medullo-
blastoma), stroke (ischemic and hemorrhage), and most
dramatically in the cerebellar degenerations. Paradoxi-
cally, walking without the support of a cane or the arm of
a companion brings out a certain stiffness of the legs and
firmness of the muscles. The latter abnormality may be
analogous to positive supporting reactions observed in
cats and dogs following ablation of the anterior vermis;
such animals react to pressure on the foot pad with an
extensor thrust of the leg.

Drunken, or Reeling Gait

This is characteristic of intoxication with alcohol, seda-
tive drugs, and antiepileptic drugs. The drunken patient
totters, reels, tips forward and then backward, appearing
each moment to be on the verge of losing his balance and
falling. Control over the trunk and legs is greatly
impaired. The steps are irregular and uncertain. Such
patients appear indifferent to the quality of their perfor-
mance, but under certain circumstances they can
momentarily correct the defect. As indicated above, the
adjectives drunken and reeling are used frequently to
describe the gait of cerebellar disease, but the similarities
between them are only superficial. The severely intoxi-
cated patient reels or sways in many different directions



and seemingly makes little or no effort to correct the
staggering by watching his legs or the ground, as in cere-
bellar or sensory ataxia. Also, the variability of the
drunken gait is noteworthy. Despite wide excursions of
the body and deviation from the line of march, the
drunken patient may, for short distances, be able to walk
on a narrow base and maintain his balance. In contrast,
the patient with cerebellar gait has great difficulty in cor-
recting his balance if he sways or lurches too far to one
side. Milder degrees of the drunken gait more closely
resemble the gait disorder that follows loss of labyrin-
thine function (see earlier discussion).

Gait of Sensory Ataxia

This disorder is caused by an impairment of joint posi-
tion or muscular kinesthetic sense resulting from inter-
ruption of afferent nerve fibers in the peripheral nerves,
posterior roots, sensory ganglia, posterior columns of
the spinal cords, or medial lemnisci, and occasionally
from a lesion of both parietal lobes. Whatever the loca-
tion of the lesion, its effect is to deprive the patient of
knowledge of the position of his limbs and, more rele-
vant to gait, to interfere with a large amount of afferent
kinesthetic information that does not attain conscious
perception. A sense of imbalance is usually present but
these patients do not describe dizziness. They are aware
that the trouble is in the legs and not in the head, that
foot placement is awkward, and that the ability to
recover quickly from a misstep is impaired. The result-
ing disorder is characterized by varying degrees of dif-
ficulty in standing and walking; in advanced cases,
there is a complete failure of locomotion, although mus-
cular power is retained.

The principal features of gait are the brusqueness of
movement of the legs and stamping of the feet as the foot
is forcibly brought down onto the floor (ostensibly to
detect the location of the foot as a substitute for proprio-
ception). The feet are placed far apart to correct the insta-
bility, and patients carefully watch both the ground and
their legs. As they step out, their legs are flung abruptly
forward and outward, in irregular steps of variable
length and height. The body is held in a slightly flexed
position, and some of the weight is supported on the
cane that the severely ataxic patient usually carries. To
use Ramsay Hunt’s characterization, the patient with
this gait disorder is recognized by his “stamp and stick.”
We find similarities in various portrayals of Shelley’s
Frankenstein.

The most specific feature is that the ataxia is markedly
exaggerated when the patient is deprived of visual cues,
as in walking in the dark. Such patients, when asked to
stand with feet together and eyes closed, show greatly
increased swaying or falling (Romberg sign). It is said that
in cases of sensory ataxia, the shoes do not show wear in
any one place because the entire sole strikes the ground at
once. Examination invariably discloses a loss of position
sense in the feet and legs and usually of vibratory sense as
well. The peripheral or central location of the sensory
lesions is further determined by the state of the tendon
reflexes.
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Formerly, a disordered gait of this type was observed
most frequently with tabes dorsalis, hence the term tabetic
gait; but it is also seen in Friedreich ataxia and related
forms of spinocerebellar degeneration, subacute com-
bined degeneration of the cord (vitamin By, deficiency), a
large number of sensory polyneuropathies, and those
cases of multiple sclerosis or compression of the spinal
cord (spondylosis and meningioma are the common
causes) in which the posterior columns are predominantly
involved.

Steppage or Equine Gait (Foot-Drop Gait)

This gait pattern is caused by paralysis of the pretibial and
peroneal muscles, with resultant inability to dorsiflex the
foot (foot drop). The steps are regular and even, but the
advancing foot hangs with the toes pointing toward the
ground. In its purest form it is the result of peroneal nerve
or fifth lumbar root damage. Walking is accomplished by
excessive flexion at the hip, the leg being lifted abnor-
mally high in order for the foot to clear the ground. There
is a slapping noise as the foot strikes the floor. Thus there
is a superficial similarity to the tabetic gait, especially in
cases of severe polyneuropathy, where the features of
steppage and sensory ataxia may be combined. However,
patients with steppage gait alone are not troubled by a
perception of imbalance; they fall from tripping on carpet
edges and curbstones.

Foot drop may be unilateral or bilateral and occurs in
diseases that affect the peripheral nerves of the legs or
motor neurons in the spinal cord, such as chronic acquired
neuropathies (diabetic, inflammatory, toxic, nutritional,
etc.), Charcot-Marie-Tooth disease (peroneal muscular
atrophy), progressive spinal muscular atrophy, and polio-
myelitis. It may also be observed in certain types of mus-
cular dystrophy in which the distal musculature of the
limbs is involved.

A particular disorder of gait, also of peripheral origin and
resembling steppage gait, may be observed in patients with
painful dysesthesias of the soles of the feet. Because of the
exquisite pain evoked by tactile stimulation of the feet, the
patient treads gingerly, as though walking barefoot on hot
sand or pavement, with the feet rotated in such a way as to
limit contact with their most painful portions. The usual
causes are one of the painful peripheral neuropathies (most
often of the alcoholic-nutritional type but also toxic and
amyloid types), causalgia, or erythromelalgia.

Hemiplegic and Paraplegic (Spastic) Gaits

The patient with hemiplegia or hemiparesis holds the
affected leg stiffly and does not flex it freely at the hip,
knee, and ankle. The leg tends to rotate outward to
describe a semicircle, first away from and then toward the
trunk (circumduction). The foot scrapes the floor, and the
toe and outer sole of the shoe are worn. One can recognize
a spastic gait by the sound of slow, rhythmic scuffing of
the foot and wearing of the medial toe of the shoe. The
arm on the affected side is weak and stiff to a variable
degree; it is carried in a flexed position and does not
swing naturally. In the hemiparetic child, the arm tends to
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abduct as he steps forward. This type of gait disorder is
most often a sequela of stroke or trauma but may result
from a number of other cerebral conditions that damage
the corticospinal pathway on one side.

The spastic paraplegic or paraparetic gait is, in effect, a
bilateral hemiplegic gait affecting the lower limbs. Each leg
is advanced slowly and stiffly, with restricted motion at the
hips and knees. The legs are extended or slightly bent at
the knees and the thighs may be strongly adducted, caus-
ing the legs almost to cross as the patient walks (scissors
gait). The steps are regular and short, and the patient
advances only with great effort, as though wading waist-
deep in water. The defect is in the stepping mechanism and
in propulsion, not in support or equilibrium.

A spastic paraparetic gait is the major manifestation of
cerebral diplegia (cerebral palsy), the result of anoxic or
other damage to the brain in the perinatal period. This dis-
order of gait is also seen in a variety of chronic spinal cord
diseases involving the dorsolateral and ventral tracts,
most often multiple sclerosis, but also including syringo-
myelia, any type of chronic meningomyelitis, subacute
combined system disease of both the pernicious anemia
and nonpernicious anemia types, chronic spinal cord com-
pression, adrenomyeloneuropathy, and familial forms of
spastic paraplegia. Frequently in these diseases, the effects
of posterior column disease are added, giving rise to a
mixed gait disturbance—a spinal spastic ataxia, highly
characteristic of multiple sclerosis and certain spinal cord
degenerations such as Friedreich ataxia.

Parkinsonian and Festinating Gait

The term festination derives from the Latin festinare, “to has-
ten,” and appropriately describes the involuntary accelera-
tion or hastening that characterizes the gait of patients with
Parkinson disease. Diminished or absent arm swing, turn-
ing en bloc, hesitation in starting to walk, shuffling, or
“freezing” briefly when encountering doorways or other
obstacles are the other stigmata of the parkinsonian gait.
When they are joined to the typical tremor, unblinking and
mask-like facial expression, general attitude of flexion, and
poverty of movement, there can be little doubt as to the
diagnosis. The arms are carried slightly flexed and ahead of
the body and do not swing. The legs are stiff and bent at the
knees and hips. The steps are short, and the feet barely clear
the ground as the patient shuffles along. Once walking has
started, the upper part of the body advances ahead of the
lower part, and the patient is impelled to take increasingly
short and rapid steps as though trying to catch up to his
center of gravity. The steps become more and more rapid,
and the patient could easily break into a trot and collide
with an obstacle or fall if not assisted. Festination may be
apparent when the patient is walking forward or backward.
The defects are in rocking the body from side to side, so that
the feet can clear the floor, and in moving the legs quickly
enough to overtake the center of gravity. The problem is
compounded by the inadequacy of postural support
reflexes, demonstrable, in the standing patient, by falling in
response to a push against the sternum or a tug backward
on the shoulder. A normal person readily retains his stabil-
ity or adjusts to modest displacement of the trunk with a

single step, but the parkinsonian patient may stagger or fall
unless someone stands by to prevent it.

Quite often, one encounters an elderly patient with only
the instability and freezing components of the parkinsonian
gait disorder, so-called lower-half parkinsonism. Most often
it is not a manifestation of idiopathic Parkinson disease
although a few patients are responsive to L-dopa for a brief
period. It may be an early manifestation of progressive
supranuclear palsy, a basal ganglionic degeneration, nor-
mal pressure hydrocephalus, or widespread subcortical
vascular damage as discussed further on in this chapter but
it also occurs as a virtually isolated phenomenon that
progresses independently of other movement disorders or
of dementia. The basis is probably an isolated frontal lobe
degeneration (see further on). Within a few years, as
pointed out by Factor and colleagues in their two papers,
the patient is usually reduced to a chair-bound state.

Other very unusual gaits are sometimes observed in
Parkinson disease and were particularly prominent in the
postencephalitic form, which is now practically extinct.
For example, such a patient may be unable to take a step
forward or does so only after he takes a few hops or one or
two steps backward (aptly mimicked by the Monty
Python troupe in a piece named “Ministry of Silly
Walks”). Or walking may be initiated by a series of short
steps or a series of steps of increasing size. Occasionally
such a patient may run better than he walks or walk back-
ward better than forward. Often, walking so preoccupies
the patient that talking simultaneously is impossible for
him and he must stop to answer a question.

Choreoathetotic and Dystonic Gaits

Diseases characterized by involuntary movements and
dystonic postures seriously affect gait. In fact, a distur-
bance of gait may be the initial and dominant manifesta-
tion of such diseases, and the testing of gait often brings
out abnormalities of movement of the limbs and posture
that are otherwise not conspicuous.

As the patient with congenital athetosis or Huntington
chorea stands or walks, there is a continuous play of irreg-
ular movements affecting the face, neck, hands, and, in the
advanced stages, the large proximal joints and trunk. The
position of the arms and upper parts of the body varies
with each step, at times giving the impression of a puppet.
There are jerks of the head, grimacing, squirming and
twisting movements of the trunk and limbs, and peculiar
respiratory noises. One arm may be thrust aloft and the
other held behind the body, with wrist and fingers under-
going alternate flexion and extension, supination and
pronation. The head may incline in one direction or the
other, the lips alternately retract and purse, and the
tongue intermittently protrudes from the mouth. The legs
advance slowly and awkwardly, the result of superim-
posed involuntary movements and postures. Sometimes
the foot is plantar-flexed at the ankle and the weight is
carried on the toes; or the foot may be dorsiflexed or
inverted. An involuntary movement may cause the leg to
be suspended in the air momentarily, imparting a lilting or
waltzing character to the gait, or it may twist the trunk so
violently that the patient may fall.



In dystonia musculorum deformans and focal dystonias,
the first symptom may be a limp caused by inversion or
plantar flexion of the foot or a distortion of the pelvis. One
leg may be rigidly extended or one shoulder elevated, and
the trunk may assume a position of exaggerated flexion,
lordosis, or scoliosis. Because of the muscle spasms that
deform the body in this manner, the patient may have to
walk with knees flexed. The gait may seem normal as the
first steps are taken, the abnormal postures asserting them-
selves as the patient continues to walk. Prominence of the
buttocks owing to a lumbar lordosis, combined with flexion
of one or both legs at the hip, gives rise to the so-called
dromedary gait of Oppenheim. In the more advanced
stages, walking becomes impossible owing to torsion of the
trunk or the continuous flexion of the legs.

Stiff-man syndrome, an unusual nondystonic disorder
causing severe axial muscle spasm, imparts a characteris-
tic appearance of stiffness of the legs and buttock muscles,
slow propulsion, and lumbar lordosis (Chap. 55). Another
unusual disorder affecting the body position during walk-
ing is camptocormia, a severe forward bending of the
trunk at the waist that is symptomatic of either a dystonia,
Parkinson disease, or one of several muscle diseases that
focally weaken the extensors of the spine. Kyphosis
because of spinal deformities does the same, and all of
these conditions cause the patient to walk while looking at
the ground beneath the feet, but rarely cause falling.

Chapter 4 more fully describes the general features of
choreoathetosis and dystonia.

Waddling (Gluteal or Trendelenburg) Gait

This gait is characteristic of the gluteal muscle weakness
that is seen in progressive muscular dystrophy, but it occurs
as well in chronic forms of spinal muscular atrophy, in cer-
tain inflammatory myopathies, lumbar nerve root compres-
sion, and with congenital dislocation of the hips.

In normal walking, as weight is placed alternately on
each leg, the hip is fixated by the gluteal muscles, particu-
larly the gluteus medius, allowing for a slight rise of the
opposite hip and tilt of the trunk to the weight-bearing
side. With weakness of the glutei, however, there is a fail-
ure to stabilize the weight-bearing hip, causing it to bulge
outward and the opposite side of the pelvis to drop, with
inclination of the trunk to that side. The alternation in lat-
eral trunk movements results in the roll or waddle. With
unilateral gluteal weakness, often the result of damage to
the first sacral nerve root, tilting and dropping of the pel-
vis (“pelvic ptosis”) is apparent on only one side as the
patient overlifts the leg when walking.

In progressive muscular dystrophy, an accentuation of
the lumbar lordosis is often associated. Also, childhood
cases may be complicated by muscular contractures, lead-
ing to an equinovarus position of the foot, so that the wad-
dle is combined with circumduction of the legs and
“walking on the toes.”

Toppling Gait

Toppling, meaning tottering and falling, occurs with
brainstem and cerebellar lesions, especially in the older
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person following a stroke. It is a frequent feature of the lat-
eral medullary syndrome, in which falling occurs to the
side of the infarction. In patients with vestibular neuroni-
tis, falling also occurs to the same side as the lesion. With
midbrain strokes, the falls tend to be backward. In
patients with progressive supranuclear palsy (discussed in
Chap. 39), where dystonia of the neck is combined with
paralysis of vertical gaze and pseudobulbar features,
unexplained falling is often an early and prominent fea-
ture. In addition, the gait is uncertain and hesitant—fea-
tures that are enhanced, no doubt, by the hazard of falling
unpredictably.

The cause of the toppling phenomenon is unclear; it
does not have its basis in weakness, ataxia, or loss of deep
sensation. It appears to be a disorder of balance that is
occasioned by precipitant action or the wrong placement
of a foot and by a failure of the righting reflexes. Slowness
of motor response is another factor. When the defect is
caused by a central vestibular disorder, the patient may
describe a sense of being pushed (pulsion) rather than of
imbalance. In midbrain disease, including progressive
supranuclear palsy, a remarkable feature is the lack of
appreciation of a sense of imbalance. In the advanced
stages of Parkinson disease, falling of a similar type may
be a serious problem, but it is perhaps more surprising
how relatively infrequently it occurs.

Primary Orthostatic Tremor

This unusual fast tremor of the legs may devastate gait. As
discussed in Chap. 6, it is present only when the patient
walks or exerts force with the legs while seated. In reac-
tion to a perception of severe imbalance, which is charac-
teristic of the disorder, the patient assumes a widened and
often stiff-legged stance.

Gait Disorder in Normal-Pressure
Hydrocephalus (See also Chap. 30)

Progressive difficulty in walking is typically the initial and
most prominent symptom of normal-pressure hydroceph-
alus (NPH), a disorder of cerebrospinal fluid (CSF) circu-
lation. However, the gait disturbance in NPH has few
specific features. Certainly it cannot be categorized as an
ataxic or spastic gait or what has been described as an
“apraxic” gait; nor does it have more than a superficial
resemblance to the parkinsonian gait. Its main features—
diminished cadence, widened base, short steps, and shuf-
fling—are the natural compensations observed in patients
with all manner of gait disorders. Patients with the gait
disorder of NPH may complain of a sense of imbalance or
vague dizziness, but most have difficulty in articulating
the exact problem. Like most patients with other disorders
of frontal lobe function, they are able to carry out the
motions of stepping while supine or sitting but have diffi-
culty in taking steps when upright or attempting to walk.
If these patients are carefully observed as they get on and
off an examining table and in and out of bed, they display
poor management of the entire axial musculature, moving
their bodies without shifting the center of gravity or
adjusting their limbs appropriately. Changes in posture,



118 Part2 CARDINAL MANIFESTATIONS OF NEUROLOGIC DISEASE

even rolling over in bed, are made en bloc. The erect pos-
ture is assumed in a very awkward manner—with hips
and knees only slightly flexed and stiff and a delay in
swinging the legs over the side of the bed.

Sudarsky and Simon quantified these defects by means
of high-speed cameras and computer analysis. They report
a reduction in height of step, an increase in sway, and a
decrease in rotation of the pelvis and counterrotation of the
torso. Tone in the leg muscles of the NPH patient is
increased, with a tendency to cocontraction of flexor and
extensor muscle groups. Walking is perceptibly slower than
normal, the body is held stiffly, arm swing is diminished,
and there is a tendency to fall backward—features that are
reminiscent of Parkinson disease, although the lack of arm
swing and the stooped posture are more prominent in Par-
kinson disease than in NPH, and, of course, the other fea-
tures of Parkinson disease are lacking. As with the related
“frontal gait,” described below, patients who have difficulty
initiating gait or whose steps are so short as to be ineffective
are helped by marching to a cadence or in step with the
examiner. In patients with untreated NPH, one observes a
progressive deterioration of stance and gait—from an
inability to walk to an inability to stand, sit, and rise from or
turn over in bed. There is no hint of ataxia, but a study of
the mechanics of the gait in NPH by Stolze and colleagues
described a widened base and slight outward rotation of
the feet. Also distinguishing the gait of NPH from that of
Parkinson disease in their study was a response in the latter
to acoustic and visual cues for cadence. Our own experi-
ence is that both types improve when a metronomic march-
ing cadence is provided.

Frontal Lobe Disorders of Gait

Standing and walking may be severely disturbed by dis-
eases that affect the frontal lobes, particularly their medial
parts and their connections with the basal ganglia. This
disorder is sometimes spoken of as a frontal lobe ataxia or
as an “apraxia of gait” among numerous other labels,
because the difficulty in walking cannot be accounted for
by weakness, loss of sensation, cerebellar incoordination,
or basal ganglionic abnormality. Whether the gait disorder
should be designated as an apraxia, in the sense of the
original concept of the loss of ability to perform a learned
act, is questionable, as walking is an instinctual and not a
learned act. Patients with so-called apraxia of gait do not
have apraxia of individual limbs, particularly of the lower
limbs; conversely, patients with apraxia of the limbs usu-
ally walk normally. More likely, the disorder represents a
loss of integration, at the cortical and basal ganglionic lev-
els, of the essential instinctual elements of stance and loco-
motion that are acquired in infancy and often lost in old
age. As a shorthand, the gait abnormality is called “fron-
tal.” In any case, many cases of cerebral gait disorder are
accompanied by a degree of dementia.

Patients typically assume a posture of slight flexion
with the feet placed farther apart than normal. They
advance slowly, with small, shuffling, hesitant steps. At
times they halt, unable to advance without great effort,
although they do much better with a little assistance or
with exhortation to walk in step with the examiner or to

a marching cadence. Walking and turning are accom-
plished by a series of tiny, uncertain steps that are made
with one foot, the other foot being planted on the floor as
a pivot. “Lower-half” Parkinson has been applied to the
pattern as mentioned earlier but the cause is rarely idio-
pathic Parkinson disease. The term “marche a petit pas”
has been applied when the cause is vascular damage to
the frontal white matter. There is a need to seek support
from a companion’s arm or nearby furniture. The initia-
tion of walking becomes progressively more difficult; in
advanced cases, the patient makes only feeble, abortive
stepping movements in place, unable to move his feet
and legs forward; in even more advanced cases, the
patient can make no stepping movements whatsoever, as
though his feet were glued to the floor. These late phe-
nomena have been referred to as “magnetic feet” or the
“slipping clutch” syndrome (Denny-Brown) and as “gait
ignition failure” (Atchison et al). In some patients, diffi-
culty in the initiation of gait may be an early and appar-
ently isolated phenomenon; but invariably, with the
passage of time, sometimes of years, the other features of
the frontal lobe gait disorder become evident. Finally, as
in untreated NPH, these patients become unable to stand
or even to sit; without support, they fall helplessly back-
ward or to one side. In an attempt to describe these dis-
orders, Liston and colleagues have separated them into
three categories: “ignition apraxia,” disequilibrium, and
mixed types. They associate trouble starting the gait
cycle, shuffling, and freezing with the first type and poor
balance with the second. This is a useful restatement of
the phenomenology, but most cases in our experience
have been of the combined type, and patients of both
types are prone to falling.

These patients, while seated or supine, are able to make
complex movements with their legs, such as drawing
imaginary figures or pedaling a bicycle, and, quite
remarkably, to simulate the motions of walking, all at a
time when their gait is seriously impaired. Eventually,
however, all movements of the legs become slow and
awkward, and the limbs, when passively moved, offer
variable resistance (paratonia or gegenhalten). Difficulty in
turning over in bed is characteristic, and this maneuver
may eventually become impossible. These advanced
motor disabilities are usually associated with dementia,
but the gait and mental disorders need not evolve in par-
allel, as emphasized below. Thus, some patients with Alz-
heimer disease may show a serious degree of dementia for
several years before a gait disorder becomes apparent; in
other conditions, such as NPH and Binswanger disease,
the opposite pertains. Or both the dementia and gait dis-
order may progress more or less together. Grasping, grop-
ing, hyperactive tendon reflexes, and Babinski signs may
or may not be present. The end result in some cases is a
“cerebral paraplegia in flexion” (Yakovlev), in which the
patient lies curled up in bed, immobile and mute, with the
limbs fixed by contractures in an attitude of flexion.

On the basis of bilateral but isolated frontal lobe infarc-
tion in the territory of the anterior cerebral artery (medial
frontal lobes), the existence of a “gait center” has been
proposed as mentioned in the introduction (see Della
Sala). In the most severe and localized instance of com-



plete gait failure from a frontal lobe stroke we have
observed, the lesion was situated in the left pericallosal
medial supplementary motor area. Benson and colleagues
have reported in an analysis of MRIs from a selected
group of stroke patients, that specific periventricular fron-
tal and occipitoparietal ischemic lesions in the deep white
matter are associated with deterioration of gait. Isolated
pontine ischemic changes were associated with gait dis-
equilibrium in another study by Kwa and colleagues for
the Amsterdam Vascular Medicine Group. The clinical
validity of all of these observations in regard to localiza-
tion is uncertain but generally accord with our observa-
tions, i.e., ischemic damage at any of the sites can severely
disorder walking.

In addition to NPH and Alzheimer disease, the causes
of this complex frontal lobe gait disorder include large
neoplasms (meningioma, infiltrating glioma—gliomato-
sis cerebri), subcortical arteriosclerotic encephalopathy
(Binswanger disease; see Thompson and Marsden), Pick
disease, progressive supranuclear palsy, and frontal lobe
damage from trauma, stroke, or the residual of a ruptured
anterior communicating aneurysm.

Gait of the Aged

An alteration of gait unrelated to overt cerebral disease is
an almost universal accompaniment of aging and proba-
bly a variant of frontal lobe gait deterioration (Fig. 7-2).
Lost with aging are speed, balance, and many of the quick
and graceful adaptive movements that characterize the
gait of younger individuals. A slightly stooped posture,
varying degrees of slowness and stiffness of walking,
shortening of the stride, slight widening of the base, and a
tendency to turn en bloc are the main objective character-
istics. This, as mentioned earlier, has been described as
“marche a petit pas” although the same term has been
connected to gait deterioration from multiple lacunes and
subcortical white matter disease. The shortening of stride
and widening of the base provide the support that
enables the elderly individual to more confidently main-
tain his balance, but they result in a somewhat guarded
gait, like that of a person walking on a slippery surface or
in the dark.

Also, lacking to a varying degree in the elderly is the
ability to make the rapid compensatory postural changes
(“rescue responses”) that are necessary to cushion or pre-
vent a fall. A slight misstep, a failure to elevate the foot
sufficiently, or tipping of the center of gravity to one side
often cannot be corrected—features, no doubt, that
account for the frequency of falls and fear of falling
among the elderly. Most persons with this type of gait dis-
turbance are aware of impaired balance and their need for
caution to avoid falls (the “cautious gait”; see Nutt et al).
As such, this gait lacks specificity, being a general adap-
tive or defensive reaction to all forms of defective locomo-
tion. In addition, as long recognized by orthopedic
specialists, knee buckling that is attributable to quadri-
ceps weakness from osteoarthritis contributes to the prob-
lem, as discussed by Felson and colleagues.

The nature of the elderly gait disorder is not fully
understood. It may simply represent a mild degree of
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Figure 7-2. Diagram illustrating the changes in posture and gait that
accompany aging (“senile gait”). With aging (figure on left), there
occurs a decrease in the length of stride, excursion of the hip, eleva-
tion of the toes of the forward foot and the heel of the rear foot,
shoulder flexion on forward arm swing, and elbow extension on
backward swing. (Redrawn by permission from Murray et al.)

cerebral neuronal loss, attributable to aging itself, which
in a severe (pathologic) form is referred to as a “frontal
lobe disorder of gait,” as discussed above. Inadequate
proprioception, slowness in making corrective postural
responses, diminished vestibular function, and weakness
of pelvic and thigh muscles are probably contributing fac-
tors, as are degenerative joint changes of the spine, hips,
and knees. However, Baloh and colleagues have found
that changes in sensory function do not correlate well
with deterioration in gait. Fisher has remarked on the
similarity of the senile gait to that of NPH and suggests
that hydrocephalus underlies the gait disorder of many
elderly but mentally competent persons. We are unable to
interpret the many reports of excessive signal changes on
MRI in the periventricular white matter that have been
said to explain deterioration in gait in older individuals
that were mentioned in earlier sections of the chapter
(Benson et al and the above-mentioned study by Baloh
and colleagues).

We emphasize here the common and particularly vex-
ing problem encountered almost monthly on our service
of a disproportionate gait disturbance with minimal dementia.
Factor and colleagues identify this as a primary freezing
gait disorder of many etiologies and it conforms to
“lower-half” Parkinson pattern as discussed earlier. Walk-
ing deteriorates over a period of months or years in an
elderly individual, sometimes while he is residing in a
nursing home, so that the tempo is unclear. The distur-
bance has most of the features of NPH or of a frontal gait
disorder; but frontal atrophy is not marked, the ventricles
are not enlarged, there is no response to drainage of CSE,
and cervical spondylosis is not found. Sometimes a func-
tional imaging study such as positron emission tomogra-
phy (PET) shows low blood flow in the frontal lobes.
Presumably this represents a degenerative process, per-
haps of the frontotemporal variety, surprisingly little dis-
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cussed in the literature. Most authors attribute this
disorder to white matter changes, a notion we have not
found entirely persuasive. It does appear, as reported by
Vergehese and colleagues, that a vascular type of demen-
tia emerges in some elderly individuals who have had
years of progressive gait deterioration. They also reiterate
the notion that early gait disorder makes the diagnosis of
Alzheimer disease unlikely.

The changes in gait due to aging are discussed further
in Chap. 29 on aging.

Gaits of the Mentally Handicapped

There are peculiarities of gait that defy analysis. One has
only to observe the assortment of gait abnormalities
among the institutionalized mentally handicapped to
appreciate this fact. An ungainly stance with the head too
far forward or the neck extended and arms held in odd
positions, a wide-based gait with awkward lurches or feet
stomping the floor—each patient with his own ungraceful
style—these are but a few of the peculiarities that meet the
eye. One tries in vain to relate them to a disorder of pro-
prioception, cerebellar deficit, or pyramidal or extrapy-
ramidal disease.

The only plausible explanation that comes to mind is
that these variants of gait are based on a retardation of the
natural developmental sequence of the cerebral and spinal
mechanisms involved in bipedal locomotion, posture, and
righting. The acquisition of the refinements of locomo-
tion—such as running, hopping, jumping, dancing, bal-
ancing on one foot, kicking a ball—is age-linked; i.e., each
has its average age of acquisition. There are wide individ-
ual variations, but the most striking extremes are found in
the mentally handicapped, who may be retarded in these
ways as well as in cognitive development. The rhythmic
rocking movements and hand clapping, odd mannerisms,
waving of the arms, tremors, and other stereotyped pat-
terns mentioned in Chap. 28, make their performances
even more eccentric. The Lincoln-Oseretsky scale is an
attempt to quantitate these maturational delays in the
locomotor sphere (Chap. 28).

Hysterical Gait (See also Chap. 56)

This may take one of several forms, many well described
by Keane. There may be a hysterical monoplegia, hemiple-
gia, or paraplegia. In walking, the patient may hesitate
and advance the leg in a grossly ataxic or tremulous man-
ner. Typically, patients with a hysterical paralysis of the
leg do not lift the foot from the floor while walking;
instead, they tend to drag the leg as a useless member or
push it ahead of them as though it were on a skate. In hys-
terical hemiparesis, the characteristic circumduction of the
leg is absent, as are the usual hemiparetic postures, hyper-
active tendon reflexes, and Babinski sign. The hysterical
paraplegic cannot very well drag both legs and usually
depends on canes or crutches or remains helpless in bed
or in a wheelchair; after months or longer of immobiliza-
tion, the muscles may be flaccid or rigid from shortening,
with development of contractures. The hysterical gait may
take other dramatic forms. Some patients look as though

they were walking on stilts, others assume extreme dys-
tonic postures, and still others lurch wildly in all direc-
tions without falling, actually demonstrating by their
gyrations a normal ability to make rapid and appropriate
postural adjustments. The gait disorder may be accompa-
nied by similarly exaggerated movements of the arms, as
though to impress the observer with the great effort
required to walk and maintain balance. Baik and Lang
have emphasized the high frequency of coincident psy-
chogenic movement and gait disorders in their specialty
clinic. Leg movements in bed may be unimpaired or the
patient may display a Hoover sign, which belies genuine
leg weakness. Some of the patients exhibit additional
abnormalities of the voice and visual fields, tremors, and
asthenic weakness of muscle contraction.

Astasia-abasin—in which patients, although unable to
either stand or walk, display more or less normal use of
their legs while in bed and have an otherwise normal neu-
rologic examination and body carriage—is nearly always
a hysterical condition. When such patients are placed on
their feet, they may take a few steps and then become
unable to advance their legs; they lurch in all directions
and crumple to the floor if not assisted.

On the other hand, one should not assume that a patient
who manifests a disorder of gait or inability to walk but
no other neurologic abnormality is necessarily suffering
from hysteria. Lesions that are restricted to the anterosu-
perior cerebellar vermis may cause an ataxia or severe
instability that becomes manifest only when the patient
attempts to stand and walk; this is also true of very
advanced NPH, frontal lobe disease, and various intoxica-
tions such as with phenytoin, as discussed earlier. Cases of
severe peripheral neuropathy, particularly if there is
prominent sensory loss, may also greatly impair the abil-
ity to stand or walk, at times causing an inability to stand
with preserved walking, and the unusual condition of
orthostatic leg tremor (see Chap. 6) may produce buckling
of the legs when the patient stands for some period of
time, a situation often mistaken for hysteria.

Rehabilitative Measures

Once the gait abnormality has stabilized, i.e., neither pro-
gressive nor regressive, one should explore the possibility
of rehabilitation by a combination of medical therapy and
other corrective measures. The antispasticity agents baclo-
fen and tizanidine are somewhat helpful when stiffness of
the limbs exceeds weakness. They may reduce spasticity
of the legs, but sometimes at the expense of exposing, to a
greater degree than before, a loss of muscle power—the
net effect being to the patient’s disadvantage. In extreme
cases, a subarachnoid pump infusion of baclofen may be
effective.

Hypofunction of the labyrinths, as in drug-induced or
idiopathic vestibulopathy, has greatly challenged physia-
trists. Balance training and the more effective use of pos-
tural correction and vision have helped some of these
patients to be more steady and better able to function (see
Baloh and Honrubia). Exercises to strengthen leg muscles
can be beneficial in many circumstances, as can weight
loss. Likewise, gait ataxia from proprioceptive defects can



probably be corrected to some extent by careful attention
to visual control and proper placement of the feet. Some
success has been reported by Heitmann and colleagues in
training elderly persons who fall frequently. Ventricular
shunting in idiopathic hydrocephalus has restored loco-
motion in patients with this syndrome. Once dementia
becomes conjoined with any of the gait disorders that
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occur in advanced age, rehabilitation stands little chance
of success, since the ability to attend to small changes in
terrain and posture is lost. Progression from the use of a
cane, to a pronged cane, and finally to a four-posted
walker allows patients with all types of gait disorders to
maintain some mobility. The optimal use of these orthoses
is best directed by an experienced physical therapist.
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Pain is one of the earliest signs of morbidity, and it stands
preeminent among all the sensory experiences by which
humans judge the existence of disease within themselves.
Indeed, pain is the most common symptom of disease.
Relatively few diseases do not have a painful phase, and,
in many, pain is a characteristic without which diagnosis
must be in doubt.

The painful experiences of the sick pose manifold prob-
lems in virtually every field of medicine; physicians must
therefore learn something of these problems and their
management if they are to practice effectively. They must
be prepared to recognize disease in patients who have felt
only the first rumblings of discomfort, before other symp-
toms and signs have appeared. Even more problematic are
patients who seek treatment for pain that appears to have
little or no structural basis; further inquiry may disclose
that fear of serious disease, worry, or depression has
aggravated some relatively minor ache or that the com-
plaint of pain has become the means of seeking drugs or
monetary compensation. They must also cope with the
“difficult” pain patients in whom no amount of investiga-
tion brings to light either medical or psychiatric illness.
Finally, the physician must be prepared to manage
patients who demand relief from intractable pain caused
by established and incurable disease. To deal intelligently
with such pain problems requires familiarity with the
anatomy of sensory pathways and the sensory supply of
body segments as well as insight into the psychological
factors that influence the perception of and reaction to
pain.

The ambiguity with which the term pain is used is
responsible for some of our difficulty in understanding it.
One aspect, the easier to comprehend, is the transmission
of impulses along certain pathways in response to poten-
tially tissue-damaging stimuli, i.e., nociception. Far more
abstruse is its quality as a mental state intimately linked to
emotion, i.e., the quality of anguish or suffering—"a pas-
sion of the soul,” in the words of Aristotle—which defies
definition and quantification. This duality (nociception
and suffering) is of practical importance for certain drugs
or surgical procedures, such as cingulotomy, and may
reduce the patient’s reaction to painful stimuli, leaving
awareness of the sensation largely intact. Alternatively,
interruption of certain neural pathways may abolish all
sensation in an affected part but the symptom of pain may
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persist (i.e., denervation dysesthesia or anesthesia dolo-
rosa), even in an amputated limb (“phantom pain”).
Unlike most sensory modalities—which are aroused by a
specific stimulus such as touch-pressure, heat, or cold—
pain can be evoked by any one of these stimuli if it is
intense enough.

It is apparent to the authors that in highly specialized
medical centers, and often even in “pain centers,” few
physicians are capable of handling difficult and unusual
pain problems in any comprehensive way. In fact, it is to
the neurologist that other physicians regularly turn for
help with these matters. Although much has been learned
about the anatomy of pain pathways, their physiologic
mechanisms, and which structures to ablate in order to
produce analgesia, relatively little is known about which
patients should be subjected to these destructive opera-
tions or how to manage their pain by medical means. The
practice of pain medicine challenges every thoughtful
physician, for it demands the highest skill in medicine,
neurology, and psychiatry.

ANATOMY AND PHYSIOLOGY OF PAIN

Historical Perspective

For more than a century, views on the nature of pain sen-
sation have been dominated by two major theories. One,
known as the specificity theory, was from the beginning
associated with the name of von Frey. He asserted that the
skin consisted of a mosaic of discrete sensory spots and
that each spot, when stimulated, gave rise to one sensa-
tion—either pain, pressure, warmth, or cold; in his view,
each of these sensations had a distinctive end organ in the
skin and each stimulus-specific end organ was connected
by its own private pathway to the brain. A second theory
was that of Goldscheider, who abandoned his own earlier
discovery of pain spots to argue that they simply repre-
sented pressure spots, a sufficiently intense stimulation of
which could produce pain. According to the latter theory,
there were no distinctive pain receptors, and the sensation
of pain was the result of the summation of impulses
excited by pressure or thermal stimuli applied to the skin.
Originally called the intensivity theory, it later became
known as the pattern or summation theory.



In an effort to conciliate the pattern and specificity theo-
ries, Head and colleagues, in 1905, formulated a novel
concept of pain sensation, based on observations that fol-
lowed his purposeful division of the cutaneous branch of
the radial nerve in his own forearm. The zone of impaired
sensation contained an innermost area in which superfi-
cial sensation was completely abolished. This was sur-
rounded by a narrower (“intermediate”) zone, in which
pain sensation was preserved but poorly localized;
extreme degrees of temperature were recognized in the
intermediate zone but perception of touch, lesser differ-
ences of temperature, and two-point discrimination were
abolished. To explain these findings, Head postulated the
existence of two systems of cutaneous receptors and con-
ducting fibers: (1) an ancient protopathic system, subserv-
ing pain and extreme differences in temperature and
yielding ungraded, diffuse impressions of an all-or-none
type; and (2) a more recently evolved epicritic system,
which mediated touch, two-point discrimination, and
lesser differences in temperature, as well as localized pain.
The pain and hyperesthesia that follow damage to a
peripheral nerve were attributed to a loss of inhibition
that was normally exerted by the epicritic upon the proto-
pathic system. This theory was used for many years to
explain the sensory alterations that occur with both
peripheral and central (thalamic) lesions. It lost credibility
for several reasons but mainly because Head’s original
observations (and deductions upon which they were
based) could not be confirmed (see Trotter and Davies;
also Walshe). Nevertheless, both fast and slow forms of
pain conduction were later corroborated (see below).

A later refinement of the pattern and specificity con-
cepts of pain was made in 1965 when Melzack and Wall
propounded their “gate-control” theory. They observed,
in decerebrate and spinal cats, that peripheral stimulation
of large myelinated fibers produced a negative dorsal root
potential and that stimulation of small C (pain) fibers
caused a positive dorsal root potential. They postulated
that these potentials, which were a reflection of presynap-
tic inhibition or excitation, modulated the activity of sec-
ondary transmitting neurons (T cells) in the dorsal horn
and that this modulation was mediated through inhibi-
tory (I) cells. The essence of this theory is that the large-
diameter fibers excite the I cells, which, in turn, cause a

Table 8-1

WITH INTRINSIC DYSFUNCTION OF EACH TYPE
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presynaptic inhibition of the T cells; conversely, the small
pain afferents inhibit the I cells, leaving the T cells in an
excitatory state. Melzack and Wall emphasized that pain
impulses from the dorsal horn must also be under the con-
trol of a descending system of fibers from the brainstem,
thalamus, and limbic lobes.

At first the gate-control mechanisms seemed to offer an
explanation of the pain of ruptured disc and of certain
chronic neuropathies (particularly those with large fiber out-
fall) and attempts were made to relieve pain by subjecting
the peripheral nerves and dorsal columns (presumably their
large myelinated fibers) to sustained transcutaneous electri-
cal stimulation. Such selective stimulation would theoreti-
cally “close” the gate. In some clinical situations these
procedures have indeed given relief from pain, but not nec-
essarily as a result of stimulation of large myelinated fibers
alone (see Taub and Campbell). But in a number of other
instances relating to pain in large- and small-fiber neuropa-
thies, the clinical behavior has been quite out of keeping with
what one would expect on the basis of the gate-control mech-
anism. As with preceding theories, flaws have been exposed
in the physiologic observations on which the theory is based.
These and other aspects of the gate-control theory of pain
have been critically reviewed by Nathan.

During the last few decades there has been a significant
accrual of information on cutaneous sensibility, demand-
ing a modification of earlier anatomic—physiologic and
clinical concepts. Interestingly, much of this information is
still best described and rationalized in the general frame-
work of the oldest theory, that of specificity, as is evident
from the ensuing discussion on pain and that on other
forms of cutaneous sensibility in the next chapter.

Pain Receptors and Peripheral
Afferent Pathways

In terms of peripheral pain mechanisms, as already
implied, there is indeed a high degree, though not absolute,
of specificity in the von Frey sense. In keeping with distinc-
tions between nerve types, the sensory (and motor) fibers
have been classified according to their size and function
(Table 8-1). It is now well established that two types of
afferent fibers in the distal axons of primary sensory neu-
rons respond maximally to nociceptive (i.e., potentially tis-

CLASSIFICATION AND FUNCTION OF SENSORY PERIPHERAL NERVE FIBER TYPES AND SYMPTOMS ASSOCIATED

Small, unmyelinated;
polymodal

ALTERNATIVE FIBER CONDUCTION FUNCTION AND SYMPTOMS
FIBER TYPE DESIGNATION DIAMETER VELOCITY (M/S) OF DYSFUNCTION

A-ccand -8 1I 5-20 30-70 Touch, pressure

Large, heavily myelinated
A-y Ia 3-6 15-30 Spindle afferents
A-6 I 2-5 12-30 Pain and temperature, soma touch

Small, thinly myelinated (sharp, lancinating, prickly pain)
B 1-3 3-15
C v 0.3-1.1 0.5-2 Slow pain and temperature

(dull, burning, poorly localized pain)
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sue-damaging) stimuli. One type is the very fine,
unmyelinated, slowly conducting C fiber (0.3 to 1.1u in
diameter); the other is the thinly myelinated, more rapidly
conducting A-§ fiber (2 to 5u in diameter). The peripheral
terminations of both these primary pain afferents or recep-
tors are the free, profusely branched nerve endings in the
skin and other organs; these are covered by Schwann cells
but contain little or no myelin. There is considerable evi-
dence, based on their response characteristics, that a degree
of subspecialization exists within these freely branching,
nonencapsulated endings and their small-fiber afferents.
Three broad categories of free endings or receptors are rec-
ognized: mechanoreceptors, thermoreceptors, and poly-
modal nociceptors. Each ending transduces stimulus
energy into an action potential in nerve membranes. The
first two types of receptors are activated by innocuous
mechanical and thermal stimulation, respectively; the
mechanoeffects are transmitted by both A-6 and C fibers
and the thermal effects mostly by C fibers. The majority of
C fibers are polymodal and are most effectively excited by
noxious or tissue-damaging stimuli, but they can respond
as well to both mechanical and thermal stimuli and to
chemical mediators such as those associated with inflam-
mation. Moreover, certain A-§ fibers respond to light touch,
temperature, and pressure as well as to pain stimuli and are
capable of discharging in proportion to the intensity of the
stimulus. The stimulation of single fibers by intraneural
electrodes indicates that they can also convey information
concerning the nature and location of the stimulus. These
observations on the polymodal functions of A-6 and C
fibers would explain the earlier observations of Lele and
Weddell that modes of sensation other than pain can be
evoked from structures such as the cornea, which is inner-
vated solely by free nerve endings.

o 2 ®— Dorsal root ganglion Columns of

Dorsal
root
fibers

Intermediolateral
cell column

Ventral corticospinal tract

Motor neurons

Ventral
root fibers

Goll & Burdach (Posterior columns)

Zona terminalis
(Track of Lissauer)

The manner in which painful stimuli are translated into
electrical depolarizations in nerve endings is beginning to
be understood. A number of specialized molecules, when
activated by noxious stimuli, open cationic channels in
membranes of the nerve ending. Opening of these chan-
nels, in turn, activates voltage-gated sodium channels and
generates an action potential in the sensory axon. Man-
nion and Woolf have summarized the regulation and acti-
vation of these receptor molecules.

The peripheral afferent pain fibers of both A-6 and C
types have their cell bodies in the dorsal root ganglia; cen-
tral extensions of these nerve cells project, via the dorsal
root, to the dorsal horn of the spinal cord (oz, in the case of
cranial pain afferents, to the nucleus of the trigeminal
nerve, the medullary analogue of the dorsal horn). The
pain afferents occupy mainly the lateral part of the root
entry zone. Within the spinal cord, many of the thinnest
fibers (C fibers) form a discrete bundle, the tract of Lis-
sauer (Fig. 8-1A). That the tract of Lissauer is predomi-
nantly a pain pathway is shown (in animals) by the
ipsilateral segmental analgesia that results from its
transection but it contains deep sensory or propriospinal
fibers as well. Although it is customary to speak of a lat-
eral and medial division of the posterior root (the former
contains small pain fibers and the latter, large myelinated
fibers), the separation into discrete functional bundles is
not complete, and in humans the two groups of fibers can-
not be differentially interrupted by selective rhizotomy.

Dermatomic Distribution of Pain Fibers
(See Fig. 9-1)

Each sensory unit (the sensory nerve cell in the dorsal root
ganglion, its central and peripheral extensions and cutane-

A-f3 fiber
C fiber
A- fiber

| Marginal zone

tract I Substantia gelatinosa

"'J— Nucleus proprius
Rubrospinal
tract

Dorsal VI Base of dorsal horn
Spinocerebellar tract

Ventral

Figure 8-1. A. Spinal cord in transverse section illustrating the course of the afferent fibers and the major ascending pathways. Fast-conducting
pain fibers are not confined to the spinothalamic tract but are scattered diffusely in the anterolateral funiculus (see also Fig. 8-3). B. Transverse sec-
tion through a cervical segment of the spinal cord illustrating the subdivision of the gray matter into laminae according to Rexed and the entry and
termination of the main sensory fibers. (Adapted from Martin, JH: Neuroanatomy: Text and Atlas. New York, McGraw-Hill, 2003, with permission.)



ous and visceral endings) has a unique topography that is
maintained throughout the sensory system from the
periphery to the sensory cortex. The discrete segmental dis-
tribution of the sensory units permits the construction of
sensory maps, so useful to clinicians (see Fig. 9-1). This
aspect of sensory anatomy is elaborated in the next chapter,
which includes maps of the sensory dermatomes and cuta-
neous nerves. However, as a means of quick orientation to
the topography of peripheral pain pathways, it is useful to
remember that the facial structures and anterior cranium lie
in the fields of the trigeminal nerves; the back of the head,
second cervical; the neck, third cervical; the epaulet area,
fourth cervical; the deltoid area, fifth cervical; the radial
forearm and thumb, sixth cervical; the index and middle
fingers, seventh cervical; the little finger and ulnar border
of hand and forearm, eighth cervical-first thoracic; the nip-
ple, fifth thoracic; the umbilicus, tenth thoracic; the groin,
first lumbar; the medial side of the knee, third lumbar; the
great toe, fifth lumbar; the little toe, first sacral; the back of
the thigh, second sacral; and the genitoanal zones, third,
fourth, and fifth sacral segments. The distribution of pain
fibers from deep structures, although not fully correspond-
ing to those from the skin, also follows a segmental pattern.
The first to fourth thoracic nerve roots are the important
sensory pathways for the heart and lungs; the sixth to
eighth thoracic, for the upper abdominal organs; and the
lower thoracic and upper lumbar, for the lower abdominal
viscera. These areas of projection from visceral structures
roughly correspond to the areas of adjacent root innerva-
tion, with some exceptions because of routing of sensory
nerves to organs that migrate with development. Entirely
different, but neurologically relevant maps of pain projec-
tion from the bones, ligaments, and adjacent musculoskele-
tal structures have been termed sclerofomes; they differ
slightly from the dermatomes. A further discussion of
referred pain and a figure comparing sclerotomes and der-
matomes is given in a later section of the chapter.

The Dorsal Horn

The afferent pain fibers, after traversing the tract of Lis-
sauer, terminate in the posterior gray matter or dorsal horn,
predominantly in the marginal zone. Most of the fibers ter-
minate within the segment of their entry into the cord;
some extend ipsilaterally to one or two adjacent rostral and
caudal segments; and some project, via the anterior com-
missure, to the contralateral dorsal horn. The cytoarchitec-
tonic studies of Rexed in the cat (the same organization
pertains in primates and probably in humans) have shown
that second-order neurons, the sites of synapse of afferent
sensory fibers in the dorsal horn, are arranged in a series of
six layers or laminae (Fig. 8-1B). Fine, myelinated (A-6)
fibers terminate principally in lamina I of Rexed (marginal
cell layer of Waldeyer) and also in the outermost part of
lamina II; some A-6 pain fibers penetrate the dorsal gray
matter and terminate in the lateral part of lamina V. Unmy-
elinated (C) fibers terminate in lamina II (substantia gelati-
nosa). Yet other cells that respond to painful cutaneous
stimulation are located in ventral horn laminae VII and
VIII. The latter neurons are responsive to descending
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impulses from brainstem nuclei as well as segmental sen-
sory impulses. From these cells of termination, second-
order axons connect with ventral and lateral horn cells in
the same and adjacent spinal segments and subserve both
somatic and autonomic reflexes. The main bundle of sec-
ondary neurons subserving pain sensation projects con-
tralaterally (and to a lesser extent ipsilaterally) to higher
levels; this constitutes the spinothalamic tract, discussed
below.

In recent years, a number of important observations have
been made concerning the mode of transmission and mod-
ulation of pain impulses in the dorsal horn and brainstem.
Excitatory amino acids (glutamate, aspartate) and nucleo-
tides such as adenosine triphosphate (ATP) are the putative
transmitters at terminals of primary A-6 sensory afferents.
Also, A-6 pain afferents, when stimulated, release several
neuromodulators that play a role in the transmission of pain
sensation. Slower neurotransmission by C neurons involves
other substances, of which the most important is the 11-
amino-acid peptide known as substance P. In animals, sub-
stance P excites nociceptive dorsal root ganglion and dorsal
horn neurons; furthermore, destruction of substance P
fibers produces analgesia. In patients with the rare condi-
tion of congenital neuropathy and insensitivity to pain,
there is a marked depletion of dorsal horn substance P.

Alarge body of evidence indicates that opiates are impor-
tant modulators of pain impulses as they are relayed
through the dorsal horn and through nuclei in the medulla
and midbrain. Thus, opiates have been noted to decrease
substance P; at the same time, flexor spinal reflexes, which
are evoked by segmental pain, are reduced. Opiate receptors
of three types are found on both presynaptic primary affer-
ent terminals and postsynaptic dendrites of small neurons
in lamina II. Moreover, lamina II neurons, when activated,
release enkephalins, endorphins, and dynorphins—all of
which are endogenous, morphine-like peptides that bind
specifically to opiate receptors and inhibit pain transmission
at the dorsal horn level. The subject of pain modulation by
opiates and endogenous morphine-like substances is elabo-
rated further on.

Spinal Afferent Tracts for Pain

Lateral Spinothalamic Tract

As indicated above, axons of secondary neurons that sub-
serve pain sensation originate in laminae I, II, V, VII, and
VIII of the spinal gray matter. The principal bundle of these
axons decussates in the anterior spinal commissure and
ascends in the anterolateral fasciculus of the opposite side
of the cord as the spinothalamic tract to terminate in several
brainstem and thalamic structures (Fig. 8-2). It is of clinical
consequence that the axons carrying pain impulses from
each dermatome decussate one to three segments above the
level of root entry. For this reason, a discrete lesion of the
lateral spinal cord creates a loss of pain and thermal sensa-
tion of the contralateral trunk, the dermatomal level of
which is fwo to three segments below that of the spinal cord
lesion. As the ascending fibers cross the cord, they are
added to the inner side of the spinothalamic tract (the prin-
cipal afferent pathway of the anterolateral fasciculus), so
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Figure 8-2. The spinothalamic tract (pain, thermal sense) is shown. Offshoots from the ascending anterolateral fasciculus (spinothalamic tract)
to nuclei in the medulla, pons, and mesencephalon and nuclear terminations of the tract are indicated. The cortical representation of sensation is
shown grossly; it is shown more explicitly in Fig. 9-5 and discussed in Chap. 9. The lemniscal (posterior column) system is shown in Fig. 9-4.



that the longest fibers from the sacral segments come to lie
most superficially and fibers from successively more rostral
levels occupy progressively deeper positions (Fig. 8-3). This
somatotopic arrangement is of importance to the neurosur-
geon insofar as the depth to which the funiculus is cut will
govern the level of analgesia that is achieved; for the neu-
rologist, it provides an explanation of the special pattern or
“sacral sparing” of pain and thermal sensation created by
centrally placed lesions of the spinal cord.

Other Spinocerebral Afferent Tracts

In addition to the lateral spinothalamic tract—the above
described fast-conducting pathway that projects directly to
the thalamus—the anterolateral fasciculus of the cord con-
tains several more slowly conducting, medially placed sys-
tems of fibers. One such group of fibers projects directly to
the reticular core of the medulla and midbrain and then to
the medial and intralaminar nuclei of the thalamus; this
group of fibers is referred to as the spinoreticulothalamic or
paleospinothalamic pathway. At the level of the medulla,
these fibers synapse in the nucleus gigantocellularis; more
rostrally, they connect with nuclei of the parabrachial region,
midbrain reticular formation, periaqueductal gray matter,
and hypothalamus. A second, more medially placed path-
way in the anterolateral cord ascends to the brainstem reticu-
lar core via a series of short interneuronal links. It is not clear
whether these spinoreticular fibers are collaterals of the spi-
nothalamic tracts, as Cajal originally stated, or whether they
represent an independent system, as more recent data seem
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to indicate. Probably both statements are correct. There is
also a third, direct spinohypothalamic pathway in the antero-
lateral fasciculus.

The conduction of diffuse, poorly localized pain arising
from deep and visceral structures (gut, periosteum, perito-
neum) has been ascribed to these pathways. Melzack and
Casey have proposed that this fiber system (which they refer
to as paramedian), with its diffuse projection via brainstem
and thalamus to the limbic and frontal lobes, subserves the
affective aspects of pain, i.e., the unpleasant feelings engen-
dered by pain. It is evident that these spinoreticulothalamic
pathways continue to evoke the psychic experience of pain
even when the direct spinothalamic pathways have been
interrupted. However, it is the direct spinothalamic pathway,
which projects to the ventroposterolateral (VPL) nucleus of
the thalamus and thence to discrete areas of the sensory cor-
tex, that subserves the sensory-discriminative aspects of pain,
i.e., the processes that underlie the localization, quality, and
possibly the intensity of the noxious stimulus. Also, the path-
ways for visceral pain from the esophagus, stomach, small
bowel, and proximal colon are carried largely in the vagus
nerve and terminate in the nucleus of the solitary tract
(nucleus tractus solitarius [NTS]) before projecting to the
thalamus, as described below. Other abdominal viscera still
activate the NTS when the vagus is severed in animals, prob-
ably passing through the splanchnic plexus.

It should be emphasized that the foregoing data con-
cerning the cells of termination of cutaneous nociceptive
stimuli and the cells of origin of ascending spinal afferent
pathways have all been obtained from studies in animals
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Figure 8-3. Spinal cord showing the segmental arrangement of nerve fibers within major tracts. On the left side are indicated the “sensory
modalities” that appear to be mediated by the two main ascending pathways. C, cervical; L, lumbar; S, sacral; Th, thoracic. (Adapted by permis-
sion from Brodal A: Neurological Anatomy, 3rd ed. New York, Oxford University Press, 1981.)
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(including monkeys). In humans, the cells of origin of the
long (direct) spinothalamic tract fibers have not been fully
identified. Information about this pathway in humans has
been derived from the study of postmortem material and
from the examination of patients subjected to anterolateral
cordotomy for intractable pain. What can be stated of clini-
cal relevance is that unilateral section of the anterolateral
funiculus produces a relatively complete loss of pain and
thermal sense on the opposite side of the body, extending
to a level two or three segments below the lesion as noted
earlier. After a variable period of time, pain sensibility usu-
ally returns, probably being conducted by pathways that
lie outside the anterolateral quadrants of the spinal cord
that gradually increase their capacity to conduct pain
impulses. One of these is a longitudinal polysynaptic bun-
dle of small myelinated fibers in the center of the dorsal
horn (the dorsal intracornual tract); another consists of
axons of lamina I cells that travel in the dorsal part of the
lateral funiculus.

Thalamic Terminus of Pain Fibers

The direct spinothalamic fibers separate into two bundles
as they approach the thalamus. The lateral division termi-
nates in the ventrobasal and posterior groups of nuclei, the
most important of which is the VPL nucleus. The medial
contingent terminates mainly in the intralaminar complex
of nuclei and in the nucleus submedius. Spinoreticulotha-
lamic (paleospinothalamic) fibers project onto the medial
intralaminar (primarily parafascicular and centrolateral)
thalamic nuclei; i.e., they overlap with the terminations of
the medially projecting direct spinothalamic pathway. Pro-
jections from the dorsal column nuclei, which have a mod-
ulating influence on pain transmission, are mainly to the
ventrobasal and ventroposterior group of nuclei. Each of
the four thalamic nuclear groups that receives nociceptive
projections from the spinal cord has a distinct cortical pro-
jection and each is thought to play a different role in pain
sensation (see below).

One practical conclusion to be reached from these ana-
tomic and physiologic studies is that, at thalamic levels,
fibers and cell stations transmitting the nociceptive impulses
are not organized into discrete loci. In general, neurophysio-
logic evidence indicates that as one ascends from peripheral
nerve to spinal, medullary, mesencephalic, thalamic, and
limbic levels, the predictability of neuron responsivity to
noxious stimuli diminishes. Thus it comes as no surprise that
neurosurgical lesions that interrupt afferent pathways at pro-
gressively higher levels of the brainstem and thalamus
become decreasingly successful.

Thalamocortical Projections

The ventrobasal thalamic complex and the ventroposte-
rior group of nuclei project to two main cortical areas: the
primary sensory (postcentral) cortex (a small number ter-
minate in the precentral cortex) and the upper bank of the
sylvian fissure. These cortical areas are described more
fully in Chap. 9 but it can be stated here that they are con-
cerned mainly with the reception of tactile and proprio-
ceptive stimuli and with all discriminative sensory

functions, including pain. The extent to which either corti-
cal area is activated by ther