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PREFACE

A number of books related to neurology and neurologic 
diagnosis have been published and are currently available 
in updated editions, but most of them are disease oriented 
or anatomy oriented, and only few are function oriented. 
As a consequence of recent advances in laboratory testing 
including electrophysiology and neuroimaging, the impor-
tance of history taking and physical examination in neuro-
logic diagnosis tends to be neglected. However, the correct 
interpretation of symptoms and signs based on modern sci-
entific knowledge is of utmost importance in the diagnosis 
of neurologic diseases. In this regard, this book is organized 
in terms of functional anatomy of the nervous system and 
aims at providing a bridge from the basic sciences such as 
anatomy, physiology, pharmacology, and molecular biology 
to neurologic symptoms and signs. As one of the unique 
features of this book, about 100 boxes are included in 
order to discuss some specific topics of current interest and 
some clinical issues that the authors have been particularly 
interested in.

This book is primarily aimed at neurology residents and 
registrars, but it is hoped that it will be also useful for neu-
rologists in general practice, pediatric neurologists, neuro-
surgeons, psychiatrists, physical therapists, technicians of 
clinical neurophysiology and neuroimaging, and medical 
students.

One of the authors, Hiroshi Shibasaki, learned clinical 
neurology from a number of senior neurologists, includ-
ing Dr.  Yoshigoro Kuwoiwa and Dr.  Shukuro Araki of 
Japan, Dr. A. B. Baker and Dr. John Logothetis (currently 
in Greece) of the United States, and Dr.  A.  M. Halliday 
and Dr.  Ian McDonald of the United Kingdom. He also 
received a profound impact from Dr.  Jun Kimura while 
they worked together in Kyoto University. He has also col-
laborated with Dr. Mark Hallett who is a coauthor of this 
book and Dr. Hans O. Lüders of the United States for many 
years. By integrating all the information collected from 
those distinguished neurologists and based on his own 
vast clinical experience, he has created his own concept of 
neurologic diagnosis. He published a book titled Diagnosis 
of Neurological Diseases in Japanese from Igaku- Shoin 

in Tokyo, the first edition in 2009 (Shibasaki, 2009)  and 
the second edition in 2013 (Shibasaki, 2013). Since those 
books have been widely accepted among Japanese neurolo-
gists, he decided to publish an updated English version for 
international readers and asked Mark Hallett to help.

Mark Hallett learned his clinical neurology in Boston 
from Drs. Raymond Adams, C. Miller Fisher, H. Richard 
Tyler, and Norman Geschwind. The neurologic exam-
ination in Boston in those days was heavily influenced bv 
Dr.  Derek Denny- Brown, who himself was influenced by 
Dr. Gordon Holmes. Like Dr. Shibasaki, Dr. Hallett spent 
time in London and was influenced there by Dr. C. David 
Marsden. Dr. Hallett notes that while he and Dr. Shibasaki 
had the good fortune to be originally trained by giants in 
the field, the examination does continue to evolve and we 
appreciate all our neurologic colleagues over our years of 
practice.

Since the two authors have had their main interests in 
the field of human motor control, movement disorders, 
involuntary movements, and clinical neurophysiology, the 
number of references cited for each chapter have been influ-
enced, leading to a relatively larger number of literature 
citations for the chapters related to those specialty fields.

We are grateful to Professor Per Brodal of Oslo for 
allowing us to use many of the neuroanatomy figures from 
his book The Central Nervous System (Brodal, 2010). HS 
expresses his thanks to Dr.  Masao Matsuhashi of Kyoto 
University for his valuable help in computer processing. 
Finally we acknowledge the efficient help of Mr. Craig Allen 
Panner and Ms. Emily Samulski of Oxford University Press; 
Mr. Saravanan Kuppusamy, Ms. Divya Vasudevan and the 
team at Newgen KnowledgeWorks in preparing this book.
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xv

EXPLANATORY NOTES

Regarding the use of medical terminology, the following 
principles are adopted in this book.

Symptom: subjective condition determined from the 
complaints of a patient during the history taking.

Sign: objective finding identified by the physician 
during the physical examination.

Lesion: site of the nervous system affected by pathol-
ogy or functionally impaired.

Disturbance: abnormality of nervous functions.

Rostral (applied to the brainstem and spinal cord): 
superior, or directed toward the cranium.

Caudal (applied to the brainstem and spinal cord): infe-
rior, or directed toward the feet. (In the brain, “anterior” 
and “posterior” are used to describe front and back, 
respectively.)

Ventral: inferior in the brain, and anterior in the   
brainstem and spinal cord.

Dorsal: superior in the brain, and posterior in the 
brainstem and spinal cord.
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1.

DIAGNOSIS OF NEUROLOGIC DISEASES (GENERAL PRINCIPLE)

I n order to make the diagnosis of neurologic diseases 
in a systematic way, it is practical and useful to make a 
three- step diagnosis; anatomical diagnosis, etiological 

diagnosis, and clinical diagnosis in this order. It is effec-
tive to adopt this principle through all steps of neurologic 
diagnosis from the history taking to the neurologic exam-
ination, before choosing the necessary laboratory tests.

1.   ANATOMICAL DIAGNOSIS

While taking the history and carrying out the neurologic 
examination, it is essential to consider whether the lesion 
involves the central nervous system, the peripheral ner-
vous system, or the muscular system, or more than one of 
these systems. Furthermore, within each of these systems, 
the sites of lesion should be estimated as precisely as pos-
sible. This is a special feature of neurology because any site 
of the nervous system, if affected, presents with symptoms 
and signs that are specific for that particular site. In the 
cerebrum, for example, whether the lesion involves the 
superficial gray matter (cortex), the deep gray matter such 
as the thalamus and basal ganglia, or the intermediate 
white matter should be considered. Furthermore, it is pos-
sible to estimate the precise location of the lesion within 
each site of the cerebral hemisphere. As for the peripheral 
nervous system, whether the lesion involves a particular 
nerve, more than one nerve, or all the nerves diffusely 
can be estimated. In addition, the precise location of the 
lesion, as to whether it is the proximal or the distal part 
of the nerve fibers, can be also estimated. Furthermore, 
careful clinical examination allows us to estimate the 
kind of nerve fibers affected, whether motor, sensory, or 
autonomic nerve fibers, or even whether the axon or the 
myelin sheath.

For example, when the patient complains of muscle 
weakness in one hand, it is useful to systematically take 
into account the motor cortex, the corticospinal tract 

through the cerebral white matter, internal capsule and 
brainstem to the cervical cord, the anterior horn cells, 
and then the α motor fibers, neuromuscular junction, and 
finally muscles in this order. Of course, this process can 
be done in the opposite order from the periphery to the 
motor cortex. For another example, if the patient com-
plains of numbness in one hand, it is practical to consider 
the responsible site of lesion first in the peripheral nerve 
innervating that region of the skin, then the brachial 
plexus, dorsal root ganglion, dorsal root, gray matter of 
the cervical cord, somatosensory fibers in the cervical cord 
and brainstem, relay nucleus in the thalamus, thalamocor-
tical fibers, and finally the hand area of the contralateral 
somatosensory cortex. This process is often possible even 
during the history taking, if carefully done.

Distribution of the Lesion at the Tissue Level

For neurologists, it is not enough to just estimate the 
location of lesion at the level of gross neuroanatomy. 
They are expected to be able to consider the more precise 
distribution of pathology at the tissue level. The mode of 
distribution of the tissue damage is important not only 
to make correct diagnosis but also to predict the severity 
and prognosis of the symptoms and signs caused by the 
lesion.

Five forms of representative distribution of tissue dam-
age are illustrated in Figure 1- 1, taking the localized lesion 
in the cervical cord as an example. In a diffuse lesion, the 
tissue is homogeneously damaged throughout. A typical 
example of this case is transverse myelitis of the cervi-
cal cord, in which the patient is expected to show severe 
quadriplegia at least in the acute stage. In a disseminated 
lesion, the lesion is scattered as if seeds were spread on 
the ground. Pathologically it is characterized by perivas-
cular cell infiltration. An example is disseminated myeli-
tis as seen in neuromyelitis optica spectrum disorders 
(Takahashi et al, 2007; Sato et al, 2014; Wingerchuk et al, 
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2015), acute disseminated encephalomyelitis (ADEM), 
neuro- Behçet, and HTLV- I associated myelopathy (HAM/ 
TSP) (Osame, 2002, for review). In this condition, the 
lesion usually also extends longitudinally over a relatively 
long distance in the spinal cord. In contrast with acute 
transverse myelitis, which usually manifests quadriplegia 
(paraplegia in case of thoracic cord lesion) of severe degree 
below the affected segment, the disseminated cord lesion 
typically presents with severe spasticity of lower extremities 
while muscle strength is relatively spared, and it is especially 
so in the chronic stage.

A focal lesion is localized to an area in the central ner-
vous system and is typically seen in vascular ischemic dis-
ease or tumor. Multiple sclerosis and metastatic tumors 
typically show multifocal lesions. System involvement is 
characteristically seen in neurologic diseases, and it affects 
a group of neurons or a neuronal network that has specific 
function(s). Its typical examples are neurodegenerative dis-
eases such as Parkinson disease, motor neuron disease, and 
Alzheimer disease. Intoxication due to heavy metals and 
drugs also belongs to this group.

Selective Vulnerability

This is the basic concept for explaining system involvement 
of the nervous system due to heavy metal or drug intoxi-
cation. A  typical example is organic mercury poisoning 
(Minamata disease), which is clinically characterized by 
dysarthria and ataxia due to cerebellar damage, constric-
tion of the peripheral visual field due to involvement of the 
occipital cortex, and hearing difficulty (Hunter- Russell 
syndrome) (see Chapter 7- 2B).

Negative versus Positive Neurologic Symptoms/ Signs

Neurologic symptoms and signs can be divided into two 
types:  negative and positive. The negative neurologic 
symptoms/ signs are neurologic deficits caused by impair-
ment or loss of functions of the nervous system, and the 
positive neurologic symptoms/ signs are caused by over-
excitation of the nervous system or loss of its inhibition. 
Examples of negative symptoms/ signs are unconscious-
ness, memory loss, aphasia, visual field defect, motor 
paralysis, bradykinesia, freezing of gait, sensory deficit, 
and orthostatic hypotension. Examples of positive symp-
toms/ signs are convulsion, involuntary movements, 
spasm/ cramp, pain, and dysesthesia. Psychiatric symp-
toms like hallucination and delusion may also be inter-
preted as positive symptoms. As positive phenomena are 
not always present during the physical examination, it 
often depends on the patient’s description or situations 
reported by observers. Most of the negative signs are 
observable by physical examination, but intermittent or 
paroxysmal negative phenomena like transient ischemic 
attacks and periodic paralysis have to be confirmed by 
careful history taking.

2.   ET IOLOGICAL DIAGNOSIS

The information as to how the neurologic symptoms started 
(mode of onset) and how they have changed after the onset 
(clinical course) provides the most useful clue to the cause 
or pathogenesis of the disease. The mode of onset is classi-
fied into four types:  sudden, acute, subacute, and insidious 
(Figure 1- 2).

Diffuse

Focal System

Disseminated Multifocal

Figure 1- 1 Schematic illustration of the distribution of lesions in a transverse section of the cervical cord.
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When the symptom reaches the maximal degree within 
a week, its mode of onset is defined as acute. Acute onset 
is commonly encountered in vascular diseases, inflamma-
tory diseases, and acute poisoning. When the symptom 
occurs abruptly, its mode of onset is defined as sudden, 
which is commonly seen in embolism and subarachnoid 
hemorrhage. The conditions that start acutely tend to be 
followed by some improvement if properly diagnosed 
and treated. The prognosis of the conditions that start 
suddenly depends on the severity of the pathology. When 
the symptom reaches the maximum over a period of more 
than a week but less than four weeks after the clinical 
onset, its mode of onset is classified as subacute. This is 
commonly seen in inflammatory diseases or metabolic/ 
toxic diseases. The above definition of categories for indi-
cating the mode of onset is rather arbitrary, and it is actu-
ally important to describe the exact time in the medical 
history (Box 1).

When the symptom begins gradually and reaches the 
maximum over a period of more than a month, its mode 
of onset is called insidious. The following clinical course 
in this case is either progressive as seen in brain tumors, or 
slowly progressive as seen in neurodegenerative diseases. 
A polyphasic clinical course with remissions and exacer-
bations is typically seen in inflammatory demyelinating dis-
eases such as multiple sclerosis. Repetition of short episodes 

with intervals of variable length is seen in paroxysmal dis-
orders such as epilepsy and migraine. Ion channel disorders 
such as periodic paralysis and episodic ataxia may also show 
this pattern of clinical course. A fluctuating clinical course 
is commonly seen in metabolic or endocrine encephalopa-
thy. In the disorders showing paroxysmal or repetitive clini-
cal course, the onset of each attack or each episode is usually 
sudden or acute.

When describing the history of the present illness, it 
is sometimes practical and useful to illustrate the mode 
of onset and the clinical course in a diagram showing the 
severity of each symptom in the vertical axis along the hor-
izontally drawn time course, as shown in Figure 1- 2. Since 
more than one symptom may appear in many diseases, illus-
tration of the time course for each individual symptom will 
help in understanding the temporal relationship among dif-
ferent symptoms.

As described above, neurologic symptoms are either 
negative or positive. When indicating the severity of each 
symptom in the vertical axis of the illustration (Figure 1- 2),  
a negative symptom or a neurologic deficit is usually cor-
related with the severity of the lesion or the tissue damage, 
but that is not necessarily the case for positive symptoms. 
This is because the positive symptoms may result from 
excessive excitation of the nervous system or loss of inhi-
bition. Furthermore, some positive symptoms such as pain 

Fluctuating

Sudden/acute onset 
& improvement

Insidious onset 
& progressive

Insidious onset 
& slowly progressive

Paroxysmal 
& repetitive

Acute/subacute onset 
& improvement

Remissions 
& exacerbations

Figure 1- 2 Mode of onset and the following clinical course of neurologic symptoms. The time course is shown on the horizontal axis, and the degree of 
symptoms/ signs is shown on the vertical axis.
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and involuntary movements may also result from plastic 
changes of the nervous system during the process of func-
tional restoration following an acute insult, as is typical fol-
lowing a stroke (see Chapter 30- 3).

3.   CL INICAL DIAGNOSIS

By considering the anatomical diagnosis and the etiological 
diagnosis throughout the process of history taking and neuro-
logic examination as described above, the most likely sites of 
lesion and the most likely cause of the lesion can be combined 
together, which will help in reaching the most reasonable 
clinical diagnosis. In addition, a few additional conditions 
might emerge as candidates for the differential diagnosis. Of 
course, a number of conditions may come to mind as candi-
dates for differential diagnosis during the history taking, but 
if the history is adequately obtained, the differential diagnosis 
is typically expected to be limited to two or three at most at 
the end of the history taking. An excessive list of differential 
diagnoses is not practical and may even disturb the smooth 
proceeding of neurologic examination and laboratory testing.
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BOX 1 ONSET OF NEUROLOGIC SYMPTOMS 

IN CEREBROVASCULAR DISEASES

Cerebral infarction is classified into atherothrombosis, lacunar 

infarction (see Box 3), and cardiogenic embolism. The type 

of infarctions can often be estimated from the clinical symp-

toms. In cardiogenic embolism, the initial neurologic symptom 

is completed suddenly all at once. Moreover, if the functions 

of cerebral regions supplied by different arteries are simulta-

neously impaired, this supports the diagnosis of cardiogenic 

embolism. Atherothrombosis is further classified into three 

types:  thrombotic, embolic, and hemodynamic. The hemody-

namic form tends to occur in the borderzone territory supplied 

by two large arteries, especially when the blood pressure drops 

(watershed infarction). Therefore, this form of infarction tends 

to be completed over a period of a few hours during sleep at 

night. The embolic form of atherothrombosis occurs when a 

blood clot is detached from the wall of a large artery and flows 

into its smaller branch to form an embolic infarction there. 

A  typical example is occlusion of the ophthalmic artery by a 

blood clot originating from atherothrombosis of the internal ca-

rotid artery.

Intracerebral hemorrhage is sudden in onset, and the 

symptoms rapidly progress to cause loss of consciousness 

and headache. Hemorrhages are common in the putamen, 

thalamus, pons, and cerebellum, and subcortical hemorrhag-

es are not uncommon. Lobar intracerebral hemorrhage is of-

ten caused by amyloid angiopathy. In this condition, there are 

β amyloid deposits in the wall of small arteries in the cortex 

and leptomeninges. Its sporadic form is common in the elderly 

(Biffi & Greenberg, 2011, for review). Cerebral amyloid angiop-

athy may also be associated with MRI findings of lobar cerebral 

microbleeds, cortical superficial siderosis, and white matter 

hyperintensities (Charidimou et al, 2015). Subarachnoid hem-

orrhage is characterized by sudden onset of severe headache 

rapidly followed by loss of consciousness.

In cases of atypical stroke presenting with headache, 

disturbance of consciousness, and convulsion, venous sinus 

thrombosis has to be kept in mind. Small juxtacortical hem-

orrhages on CT image are characteristically seen in cerebral 

venous thrombosis (Coutinho et al, 2014).
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2.

hISTORY TAKING

H istory taking, if appropriately done, is expected 
to provide the most important information for 
reaching the correct neurologic diagnosis. Usually 

the history is obtained from the patient directly, but if the 
patient is unconscious, demented, aphasic, or uncoopera-
tive, the history has to depend on information obtained 
from the patient’s family or accompanying persons. The 
information to be obtained when taking the medical his-
tory includes the present age, gender, chief complaints, 
the age at onset of symptoms, history of the present ill-
ness, past medical history, social history, and family his-
tory. When describing the medical history in the record 
or when presenting it in the medical conferences, it is 
customary and convenient to describe the information in 
the above order, but when actually taking the history, one 
does not always have to follow this sequence.

1.   ThE PRESENT AGE AND ThE AGE 
AT  ONSET

Each neurologic disease occurs in the population of a cer-
tain age range (Figure 2- 1). However, as a consequence of 
recent advances in the understanding of pathogenesis and 
with change in the environment, it is increasingly recog-
nized that there are exceptions to the age predilection. For 
example, ischemic cerebrovascular diseases that are com-
mon in the aged population can also occur in the young 
population (Box 2). Likewise, the paroxysmal disorders or 
the hereditary degenerative diseases that were thought to 
be common in children and young adults may occur for 
the first time in adults.

2.   SEx

Many diseases are more common in one sex than in the 
other. The sex of the patient is usually obvious from his/ 

her appearance and from the medical record, but if any 
uncertainty exists, it should be confirmed during the 
history taking. Sex is the biological designation of male/ 
female, while “gender” refers to self identification.

3.   ChIEF COMPLAINTS

Some physicians might believe that the chief complaints 
are symptoms the patient mainly complains of, but that 
is not always correct. A patient might mainly complain 
of a particular symptom at the time of the history tak-
ing, but that symptom might not be directly related to 
the neurologic disease that the patient is actually suffer-
ing from. It is important to determine the most import-
ant complaint(s) of that particular patient during the 
process of history taking. In this sense, to identify the 
chief complaint for a patient is to find what the main 
problem is for that patient, and thus it is a process of 
problem- finding. In the medical record or when pre-
sented in conferences, the chief complaint is usually 
described or reported before the history of the present 
illness, but in clinical practice, the most appropriate 
chief complaint(s) can be chosen after completing the 
history taking.

It is of utmost importance to find out what the real 
problem is for the patient and what he/ she really means. 
For this purpose, it is not always advisable to describe 
exactly what the patient complains of; it is often neces-
sary to interpret the patient’s words with reference to 
medical knowledge. For example, a patient complaining 
of “numbness” in the hand usually means a sensory abnor-
mality such as tingling or pinprick sensation, but some 
patients may use the word “numb” to express weakness. In 
this case, it is not sufficient to record just “numb” in the 
medical record; it should be further described as “weak.” 
Patients commonly complain of dizziness, but some 
patients use the word “dizzy” when they feel like fainting, 
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whereas others may use it to describe feeling unsteady 
with real vertigo. Thus, these two should be distin-
guished as much as possible by taking the history carefully  
(see Chapter 13- 2).

When describing symptoms on the first page of the med-
ical record, it is better not to use medical terminology. For 

example, when a patient complains of difficulty in speaking, it 
is not advisable to describe it as either “dysarthria” or “aphasia”; 
rather, it is much better to call it “speech disturbance.” This is 
because the first impression might have to be changed later as 
a result of neurologic examination. However, when reporting 
in medical conferences or when writing a case report later, it 

Age (years)

40

Tumor

60 80200

Congenital

Paroxysmal Trauma

Autoimmune, demyelinating

Infectious

Heredodegenerative Degenerative

Vascular

Figure 2- 1 Common age at onset of neurologic diseases. Most neurologic diseases occur in the population of certain age range, but exceptional cases 
are not rare.

BOX 2 RISK FACTORS FOR VASCULAR DISEASES IN YOUNG POPULATION

Recently strokes in young populations have become increasingly common (Larrue et  al, 2011; Aarnio et  al, 2014). In  

addition to the common risk factors for vascular diseases such as diabetes mellitus, hypertension, hyperlipidemia, increased 

blood viscosity, obesity, and heavy smoking, special conditions have to be considered for young populations. Those are congen-

ital heart disease, among others the patent foramen ovale associated with aneurysm of the atrial septum, atrial myxoma, pos-

itive antiphospholipid antibody, migraine with aura, use of contraceptives, eclampsia, systemic lupus erythematosus, Be-

hçet disease, malignant atrophic papulosis, Degos disease, fibromuscular dysplasia, homocystinuria, Fabry disease (see 

Box 66), pseudoxanthoma elasticum, moyamoya disease, and mitochondrial encephalomyopathy (see Box 57 ) (see Chapter  3- 1   

for some of the skin abnormalities). Homocystinuria is due to lack of cystathionine synthetase and is inherited via autosomal 

recessive transmission. Clinically it is characterized by dislocation of lens and arachnodactylia similar to Marfan syndrome.  

Moyamoya disease is characterized by an extensive network of abnormal collaterals associated with occlusion of the 

proximal cerebral arteries (Albrecht et  al, 2015; Al- Yassin et  al, 2015). It causes ischemic attacks or convulsion in chil-

dren and subarachnoid hemorrhage in adults. Physiologically, hyperventilation causes marked, prolonged slowing in EEG.  

Mitochondrial encephalomyopathy, lactic acidosis and stroke- like episodes (MELAS) is known to cause strokes at young ages (see Box 

57). This condition also shows convulsions, migraine attacks, and mental retardation. Lactic acid is increased in the serum and cere-

brospinal fluid, and ragged red fibers are seen on muscle biopsy. Recent use of drugs such as cocaine has drawn a particular attention 

to this behavior as a risk factor for strokes in the young population (Sordo et al, 2014).
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is reasonable to use the medical terminology. The chief com-
plaint may not be single, and more than one symptom can be 
listed as chief complaints as necessary.

4.   h ISTORY OF ThE PRESENT ILLNESS

When taking the history of the present illness, it is import-
ant to know how the symptom started and how it has 
changed since its onset. Patients may certainly have more 
than one symptom. Regardless of whether those symptoms 
are caused by a single disease or multiple diseases, mode of 
onset and clinical course should be carefully described for 
each individual symptom. In this case, it is convenient to 
illustrate the time course of each symptom in a diagram as 
shown in Figure 1- 2.

For each symptom, it is also important to obtain 
information as to what time of the day, what season of 
the year, or in what kind of conditions it tends to occur 
or to worsen. Furthermore, it is useful to identify any 
precipitating factor that might bring up or increase the 
symptom or any factor that may help ameliorate the 
symptom.

If a patient reports that he/ she has experienced a neu-
rologic symptom in the past, it should be described in the 
history of the present illness if judged to be related to or a 

phase of the present illness, but it can be described in the 
past medical history if judged to be unrelated to the present 
illness. Likewise, if the present neurologic condition was 
judged to be caused by or to be a part of a systemic condi-
tion such as hypertension and diabetes mellitus, those sys-
temic conditions should be described also in the history of 
the present illness. Other systemic conditions can be listed 
in the past medical history.

5.   PAST MEDICAL hISTORY

Regarding the past medical history, how much detail is to 
be described in the medical record depends on the clini-
cal situation, but all medical histories have to be recorded 
if they are judged to be related to the present illness. As a 
patient does not necessarily tell the physician all the past 
medical history, it may be necessary to ask specific ques-
tions to make sure certain topics are covered. For example, 
when the history of the present illness suggests a possibil-
ity of strokes, information about risk factors for vascular 
diseases including diabetes mellitus, hypertension, hyper-
lipidemia, history of cardiovascular diseases, and history 
of heavy smoking should be obtained as much as possible. 
Among cardiac arrhythmias, atrial fibrillation is known to 
be a leading cause of recurrent stroke. In particular, parox-
ysmal atrial fibrillation, which is also an important risk fac-
tor, may be detected only by a long- term ECG monitoring 
(Gladstone et al, 2014).

It is noteworthy that some infections might cause neu-
rologic disorders a long time afterward. Typical examples 
are the occurrence of subacute sclerosing panencephalitis in 
adults following measles virus infection in childhood, and 
occurrence of myelitis as long as years after varicella zoster 
virus infection (postherpetic myelitis). In these cases, con-
firmation of the past medical history is important for the 
correct diagnosis.

6.   SOCIAL hISTORY

The social history includes information about the patient’s 
occupation, allergies, smoking, drinking, hobby, sports, and 
environmental situations at home and at the work place. 
Just like the past medical history, the necessary information 
of the social history depends on the history of the present 
illness. Since handedness is an important factor for higher 
cortical functions, it can be confirmed when taking the 
social history, although it may also be confirmed while car-
rying out the physical examination.

BOX 3 LACUNAR INFARCTION

A small infarction (less than 15 mm) in the territory supplied 

by a penetrating arterial branch in the deep cerebral hemi-

sphere is called lacunar infarction. It mainly occurs in the 

corona radiata, internal capsule, thalamus, basal ganglia, 

and brainstem. Typical clinical manifestations are pure mo-

tor hemiplegia or hemianesthesia without motor paralysis, 

but it can be asymptomatic. An infrequent manifestation 

caused by lacunar infarction in the internal capsule or pons 

is “dysarthria- clumsy hand syndrome” (Arboix et al, 2004). An 

underlying pathology of lacunar infarction was believed to be 

lipohyalinosis of the penetrating arteries, which is commonly 

seen in hypertensive patients, but atherothrombosis at the 

bifurcation of a penetrating arterial branch from a main ce-

rebral artery (branch atheromatous disease) has drawn more 

recent attention (Caplan, 1989). The latter condition in the in-

ternal capsule causes repetitive transient hemiparesis (cap-

sular warning syndrome), and a similar condition of the len-

ticulostriatal artery and anterior pontine artery also causes  

progressive motor disturbance (Yamamoto et al, 2011).
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7.   FAMILY  hISTORY

As many neurologic diseases are inherited, and as the back-
ground or precipitating factors might be genetically deter-
mined, information about the family is quite important in 
the history taking. Occurrence of similar diseases among 
the family members is important, and the history about 
consanguineous marriage in the patient’s parents or in the 
grandparents is also important. When there is a possibility 
of familial conditions, it is useful to draw a family tree with 
the patient’s permission.
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3.

PhYSICAL ExAMINATION

1.  GENERAL PhYSICAL ExAMINATION  
AND NEUROLOGIC ExAMINATION

Even in the specialty clinic of neurology, general physical 
examination is as important as neurologic examination, 
mainly because all health aspects are important for the 
patient and also because neurologic symptoms are often 
related to systemic diseases in terms of clinical manifesta-
tion and pathogenesis (Box 4).

The general physical examination and neurologic 
examination can be carried out separately in this order, 
but it is often more practical to carry out the two kinds of 
examination together. Otherwise, a series of examinations 
from the top of the head to the toes has to be repeated, 
which is not practical particularly when the time spent for 
each patient is limited in an outpatient clinic. Thus, when 
examining eyes, for example, we can check the cornea, 

palpebral conjunctiva, bulbar conjunctiva, and ocular 
bulb first, and then we can examine the visual acuity, visual 
field, pupils, extraocular muscles, ocular movements, and 
ocular fundi if necessary. When examining the oral cav-
ity, for another example, we check the mucosa of oral 
cavity and pharynx, teeth, tongue, and tonsils first, and 
then check the presence or absence of muscle atrophy and  
fasciculation, and movement of the tongue, position 
and  movement of the soft palate, gag reflex if necessary, 
and voice, speech, and swallowing. This way, we do not 
have to come back to eyes or mouth after having com-
pleted the general physical examination. This approach is 
more efficient not only for neurologists but also for the 
patient’s convenience.

A .   G E N E R A L  P h Y S I C A L  E x A M I N A T I O N  A T  
T h E  I N I T I A L  C L I N I C A L  E V A L U A T I O N

When examining each patient for the first time, the gen-
eral physical examination usually includes observation 
of head, hair and facial skin, eyes (eyelids, cornea, pal-
pebral and bulbar conjunctivae, and iris), ears and nose, 
oral mucosa, pharynx and tongue, neck (lymph nodes, 
thyroid, and vascular bruit if necessary), arterial pulse 
and blood pressure, chest (skin, respiration, percus-
sion and auscultation of heart, and breast as necessary), 
abdomen (skin, percussion, palpation and percussion 
of liver, and bowel sound as necessary), and extremi-
ties (skin, joints, and edema) in this order. Pulsation of 
arteries is to be checked at the radial arteries bilaterally, 
and the dorsalis pedis arteries should also be palpated 
as necessary.

Skin Abnormalities Seen in Congenital or Hereditary 
Neurologic Diseases

Observation of skin is especially important when exam-
ining the patients with possible congenital neurologic 
diseases, because both the nervous system and the skin 

BOX 4 CLINICAL NEUROLOGY FROM A WIDE VIEWPOINT

It is important to take a wide view throughout the diagnostic 

procedure of neurologic diseases. That is because the neu-

rologic symptoms in question might be a manifestation of a 

systemic disease, like Crow- Fukase syndrome (polyneuropathy, 

organomegaly, endocrinopathy, M- protein and skin changes, PO-

EMS). The neurologic symptom might be a complication of a 

systemic disease, like diabetic polyneuropathy. The neurologic 

symptom might have resulted from a systemic disease, like ce-

rebrovascular diseases as a result of hypertension, hyperlipid-

emia and cardiac diseases. The neurologic disease might have 

common pathogenesis with a systemic disease, like paraneo-

plastic syndrome (Box 5). In bulbospinal muscular atrophy, as 

another example of this last category, the genetic abnormality 

of the androgen receptor might be related to the involvement of 

anterior horn cells (see Box 33). Approach to neurologic condi-

tions with a wide view has contributed to discovery of some new 

neurologic diseases or to elucidation of their pathogenesis.

 

 

 

 



Figure 3- 1 Facial angiofibroma seen in a patient with tuberous sclerosis. (Courtesy of Dr. Akio Ikeda, Kyoto University)

Figure 3- 2 Port wine stain in the territory of the first branch of the right trigeminal nerve in a patient with Sturge- Weber syndrome. (Courtesy of Dr. Akio 
Ikeda, Kyoto University)
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tissues are embryologically derived from the ectodermal 
cells. In tuberous sclerosis, a common cause of epilepsy 
in children, facial angiofibroma (adenoma sebaceum) is 
characteristic (Figure 3- 1), but it is not seen at birth and 
appears later in infancy. In addition, the depigmented nevi, 
shagreen patch, and periungual fibroma may also be seen. 
Port wine stain in the territory of the first branch of the tri-
geminal nerve is seen in Sturge- Weber syndrome, which is 
also called encephalotrigeminal angiomatosis (Figure 3- 2). 

This condition may be associated with atrophy and calci-
fication in the occipital cortex and angioma in the retina 
and meninges, and clinically it presents with convulsions. 
Xanthoma in the neck and axilla is seen in pseudoxan-
thoma elasticum (Grönblad- Strandberg syndrome), 
which may be associated with angioid streaks in the ret-
ina and cardiovascular disorders (Figure 3- 3). Ichthyosis 
on the anterior aspect of lower legs may be associated with 
mental retardation and spastic gait (Sjögren- Larsson 

(a)

(b)

Figure 3- 3 Cervical skin lesion (a) and angioid streak of the retina (b) (arrows) seen in a patient with pseudoxanthoma elasticum. (Courtesy of 
Department of Neurology, Kyushu University)
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Figure 3- 4 Café- au- lait spots seen in a patient with neurofibromatosis type 1. (Courtesy of Dr. Yumi Matsumura, Department of Dermatology, Kyoto 
University)

syndrome), and it is also a cardinal symptom of Refsum 
disease, which is characterized by sensory ataxia due to 
polyneuropathy, retinal pigment degeneration, and senso-
rineural deafness.

Neurofibromatosis is an autosomal dominant heredi-
tary disease that is characterized by neurofibroma and café- 
au- lait spots (Figure 3- 4). Neurofibromatosis is grouped 
into two types. NF- 1 is called von Recklinghausen disease, 
and NF- 2 is often associated with acoustic neurofibroma 
and multiple meningiomas. Fabry disease is a lipidosis 
due to X- linked deficiency of α- galactosidase and presents 
with angiokeratoma, anhidrosis, severe pain induced by 
exercise and fever, clouding of cornea and lens, and various 
kinds of vascular disorders (Lenders et al, 2015; Löhle et al, 
2015) (see Box 66). In this condition, angiokeratoma may 
be seen only in the scrotum.

Livedo reticularis (livedo racemosa) (Figure 3- 5) and 
acrocyanosis may be seen in patients with positive serum 
antibody against phospholipid, and it may cause tran-
sient ischemic attack and ischemic strokes (Sneddon 
syndrome) (Bottin et  al, 2015). Ehlers- Danlos syn-
drome is a hereditary disease characterized by hyper-
elasticity of skin and hyperexensibility of joints due to 
abnormality of collagen fibers in the skin, blood vessels, 
and joint capsules (Figure 3- 6). The mode of inheritance 

is variable, and it may also be associated with abnormal-
ities in the peripheral nerves and muscles (Voermans 
et al, 2009).

Skin Abnormalities Seen in Inflammatory  
Neurologic Diseases

Some inflammatory diseases of the nervous system are 
associated with characteristic inflammatory diseases of 
the skin. Infection of the geniculate ganglion with vari-
cella/ zoster virus causes vesicular skin rash in the exter-
nal auditory meatus and may be associated with facial 
nerve palsy (geniculate zoster, Ramsay Hunt syn-
drome) (Figure 3- 7). Swelling of ear lobes is also seen 
in relapsing polychondritis, which may be associated 
with meningoencephalitis (see Box 95). Behçet disease 
is characterized by uveitis, painful oral ulcer (aphtha) and 
genital ulcer, and may also be associated with erythema 
nodosum (Figure 3- 8) and purulent dermatitis at the site 
of needle injection. This disease is neurologically import-
ant because it may cause recurrent meningitis or enceph-
alitis, or both. Uveitis, meningitis, and hearing loss may 
also be seen in Vogt- Koyanagi- Harada disease, but there 
is no skin lesion in this condition. Sweet disease is char-
acterized by painful purulent erythema (Figure 3- 9), 

 



Figure 3- 5 Livedo reticularis seen in a patient with Sneddon syndrome. (Courtesy of Dr. Yumi Matsumura, Department of Dermatology, Kyoto University)

Figure 3- 6 Hyperextensibility of joint and hyperelasticity of skin seen in a patient with Ehlers- Danlos syndrome. (Courtesy of Dr. Yumi Matsumura, 
Department of Dermatology, Kyoto University)
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fever, joint pain, leukocytosis, and elevated erythrocyte 
sedimentation rate. This condition is also known to cause 
recurrent meningoencephalitis or cerebral vasculitis 
(Charlson et al, 2015). About 25% of the patients with 
this condition have been reported to develop leukemia, 
lymphoma, or cancer. Degos disease (malignant atrophic 
papulosis) is characterized by red necrotic papules in the 
trunk and extremities, which will evolve to be white in 
color and squamous. This condition can be associated 
with thrombosis in the skin, gastrointestinal tract, and 
central nervous system. Polymyositis (see Chapter  16- 
3C) might be associated with various erythema over the 

dorsum of the fingers, and the bony parts of the shoul-
ders, elbows, and legs (dermatomyositis).

Brownish discoloration of skin, hypertrichosis, and edema 
are seen in association with osteosclerotic plasmacytoma, and 
this condition is known as polyneuropathy, organomegaly, 
endocrinopathy, M- protein, and skin changes (POEMS, 
Crow- Fukase syndrome) (Figure 3- 10). In this condition, 
vascular endothelial growth factor (VEGF) is markedly ele-
vated in the serum. Significant improvement of neurologic 
symptoms by peripheral blood stem cell transplantation 
has been reported in this condition (Kuwabara et al, 2008; 
Karam et al, 2015) (Box 5).

Figure 3- 7 Geniculate zoster seen in a patient with Ramsay Hunt syndrome. (Courtesy of Dr. Yumi Matsumua, Department of Dermatology, Kyoto 
University)



Figure 3- 8 Erythema nodosum seen in a patient with myelodysplastic syndrome. (Courtesy of Dr. Yumi Matsumura, Department of Dermatology, Kyoto 
University)

Figure 3- 9 Purulent erythema seen in a patient with Sweet disease. (Courtesy of Dr. Yumi Matsumura, Department of Dermatology, Kyoto University)
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Skin Abnormalities Seen in Toxic Neurologic Diseases

Intoxication with some heavy metals shows characteristic 
skin changes. Alopecia is characteristically seen in thallium 
poisoning, which results from oral ingestion of an organo-
phosphate insecticide thallium and causes unconsciousness 
due to strong inhibition of cholinesterase in the acute phase 
and polyneuropathy mainly involving the autonomic ner-
vous system in the chronic phase (Figure 3- 11-a). Keratosis 
of skin, pigmentation, and white horizontal line on the 
nail (Mees line) are seen in intoxication with thallium and  
arsenic (Figure 3-11-b).

Sunlight Photosensitivity of Skin

In this condition, skin rash is either induced or worsened by 
exposure to sunlight. It is seen in systemic diseases including 
systemic lupus erythematosus, porphyria, niacin deficiency 
(pellagra), xeroderma pigmentosum, and Cockayne dis-
ease. Xeroderma pigmentosum is an autosomal recessive 
hereditary disease that clinically manifests marked sunlight 

Figure 3- 10 Hypertrichosis (left) and osteosclerotic plasmacytoma of the spine (right, see arrow) seen in a patient with POEMS. (Courtesy of Department 
of Neurology, Kyushu University)

BOX 5 INFLAMMATORY DISEASES OF ThE NERVOUS SYSTEM

Causes of inflammatory diseases of the nervous system are 

grouped into infection and autoimmunity for both the central and 

peripheral nervous systems. The infectious group is caused by 

direct infection of the nervous system by bacteria or virus. Most 

of the autoimmune inflammatory disorders of the nervous system 

are caused by the nervous tissue itself as the antigen, but some 

of them are caused by the connective tissue as the antigen, as in 

vasculitis. In the former group, the symptoms occur in association 

with infections (parainfectious), or they occur a week or two after 

the infections (postinfectious), as in acute disseminated encepha-

lomyelitis (ADEM) and Guillain- Barré syndrome. A special group of 

autoimmune neurologic diseases is the paraneoplastic syndrome, 

which is not due to direct invasion of the nervous system by a 

tumor but due to an autoimmune process against the neoplastic 

tissue, which is thought to share a common antigen with the ner-

vous system. Clinically a paraneoplastic syndrome is manifested 

as inflammation like limbic encephalitis and dermatomyositis, 

neurodegeneration, or ion channel disorders (see Chapter 25- 2).
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photosensitivity of skin from infancy (Figure 3- 12). It is 
associated with progressive decline of intellectual and other 
neurologic functions (De Sanctis- Cacchione syndrome). 
In this condition, abnormality of a repairing mechanism of 
the damaged DNA has been reported (Anttinen et al, 2008). 
Cockayne disease is also an autosomal recessive hereditary 
disease, and it is clinically characterized by dwarfism, microg-
nathia, retinal pigment degeneration, marked sunlight pho-
tosensitivity, mental retardation, deafness, and progressive 

spastic and ataxic gait, which start appearing before the age 
of 2 years.

Abnormalities of Oral Cavity Seen  
in Neurologic Diseases

In case there is any possibility of Behçet disease, the 
oral cavity should be carefully checked for aphtha, typ-
ically white small ulcers (Figure 3- 13). In the patients 

(a)

(b)

Figure 3- 11 (a) Alopecia seen in a patient with thallium poisoning (Courtesy of Department of Neurology, Kyushu University) and (b) Mees line seen in 
the finger nails (reproduced from Chauhan et al, 2008 with permission).
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with pellagra due to niacin deficiency, ruby erythema 
of tongue is seen in addition to diarrhea, dermatitis, 
dementia, and polyneuropathy. Abnormally enlarged 
tongue (macroglossia) is seen in Down syndrome, pri-
mary amyloidosis, and acromegaly. If there is any scar 
on the tongue due to a bite, it suggests the presence of 

vigorous involuntary movements, convulsion involv-
ing the mouth, or self- mutilation. Tongue bite due to 
severe choreic movements is seen in neuroacanthocyto-
sis (chorea- acanthocytosis, Levine- Critchley syndrome) 
(Figure 3- 14). Typical example of tongue self- mutilation 
is Lesch- Nyhan syndrome, which shows hyperuricemia 

Figure 3- 12 Sunlight photosensitivity of skin in a patient with xeroderma pigmentosum. (Courtesy of Dr. Yumi Matsumura, Department of Dermatology, 
Kyoto University)

Figure 3- 13 Aphthous ulcer of oral mucosa seen in a patient with Behçet disease. (Courtesy of Department of Neurology, Kyushu University)
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and gout due to the inherited (X- linked) lack of hypox-
anthine phosphoribosyltransferase.

B .   G E N E R A L  P h Y S I C A L  F I N D I N G S  
A N D  N E U R O L O G I C  F I N D I N G S

As explained at the beginning of this chapter, it is prac-
tical to carry out the general physical examination and 
the neurologic examination as a single block of physical 
examination. However, when describing those findings 

in the medical record, reporting in case reports or pre-
senting in medical conferences, it is useful to describe 
the general physical findings first and then the neuro-
logic findings. In this regard, it is important to keep 
in mind that the general physical findings are not just 
those dealt with in internal medicine, but it is neces-
sary to include all findings related to other specialties 
such as ophthalmology, otorhinolaryngology, oral and 
dental health, dermatology, orthopedics, urology, and 
gynecology.

(a)

(b)

Figure 3- 14 Tongue bite (a) and acanthocytes (b) seen in a patient with neuroacanthocytosis. (Courtesy of Department of Neurology, Kyushu University)
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2.   STEPS OF NEUROLOGIC ExAMINATION

Neurologic findings are usually described or reported in 
the following order:  consciousness; mental or intellectual 
functions; aphasia, apraxia, and agnosia, if any; brainstem 
and cranial nerve territories; neck; trunk; motor system 
of extremities; tendon reflexes and pathological reflexes; 
somatosensory functions; posture and gait; autonomic ner-
vous functions; and disturbance of daily activities. When we 
perform the neurologic examination, however, we do not 
have to follow this order. In many cases, it is more convenient 
and practical to adjust to the actual situation with flexibility.

In any case, it is useful to start with evaluation of con-
sciousness. In most cases, disturbance of consciousness, 
mental or intellectual abnormalities, and language abnor-
mality, if any, can be suspected during the history taking. 
If any abnormality in the higher cortical functions is sus-
pected, they may be tested in detail after completing the 
physical examination. In the ordinary situation, it is more 
practical to do the physical examination first and to test the 
higher cortical functions later in the course of examination, 
mainly because it is rather embarrassing for the patient 
to go through a series of questions about intelligence and 
language from the beginning and also because it spends a 
relatively long time before carrying out the physical exam-
ination. Furthermore, abnormalities of the higher cortical 
functions are usually noticed during the physical exam-
ination, because verbal communication with the patient is 
necessary for the physical examination. Moreover, a more 
comfortable relationship can be established between the 
patient and the physician through the course of physical 
examination. In this book, therefore, the following chap-
ters are arranged in the actual order of the physical neu-
rologic examination, starting from the consciousness and 
immediately moving to the brainstem and cranial nerve 
functions, and the examination of mental and higher corti-
cal functions will be described after all the chapters related 
to the physical examination. Furthermore, examination 
of patients with coma will be described toward the end of 
the book because the knowledge about the whole physical 
examination is necessary for the physical examination of 
comatose patients.

If the history is effectively taken, responsible sites of 
lesion, possible pathogenesis or etiology, and the most 
likely clinical diagnosis can be estimated before starting 
the physical examination. Therefore, although the neu-
rologic examination is executed in the order as described 

above, an emphasis is placed on certain aspects depending 
on the above information obtained from the history tak-
ing (hypothesis- driven neurologic examination) (Kamel 
et al, 2011).

When carrying out the neurologic examination of 
extremities and trunk, the order of examination can be 
freely chosen depending on the circumstances. When a 
patient is examined in the supine position, it is more practi-
cal to examine the functions of all four extremities at once. 
By contrast, when a patient is examined in the sitting posi-
tion, the upper extremities and the lower extremities may 
be examined separately. At any rate, stressful burden and 
uncomfortable maneuvers for the patient should be limited 
to the minimum necessary.

As structure and function of the nervous system are 
symmetrically formed between the left and right with 
exception of some higher cortical functions and the 
peripheral autonomic nervous system, it is important to 
pay attention to symmetry of neurologic signs throughout 
the neurologic examination. However, there may be some 
asymmetry in the homologous muscles in volume and 
strength depending on the occupation of or sports played 
by the patient.

The purpose of the neurologic examination is to con-
firm the neurologic condition that was thought to be most 
likely based on the careful history taking, and to exclude 
the candidate diagnoses listed as the differential diagno-
sis. Finally, it is of utmost importance to judge the level of 
activities of daily living and to estimate possible prognosis 
of the present condition.
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4.

EVALUATION OF CONSCIOUSNESS

Consciousness is defined as the state of waking 
with subjects being aware of self and the environ-
ment. Namely, when subjects are fully conscious, 

they can pay attention to the external environment, accept 
the information and respond by language or behavior. 
Regarding the response by language or behavior, however, 
cases suffering from neurological deficits such as aphasia 
and motor paralysis are exceptions. A  typical example is 
the locked- in syndrome, which is described later in this 
chapter.

1.   ANATOMICAL BASIS OF CONSCIOUSNESS

It is generally believed that a critical center for the pro-
duction of consciousness is in the brainstem reticular 
formation. The brainstem reticular formation is a poorly 
demarcated gray matter structure situated in the dorsal 

part of the brainstem extending longitudinally through the 
whole length of the brainstem. Which parts of the retic-
ular formation are most critical is not known. The brain-
stem reticular formation is formed by a large number of 
neurons and their projections. It receives inputs from vari-
ous ascending afferent fibers and projects ascending fibers 
to the intralaminar thalamic nucleus and then widely to 
the cerebral cortex through the diffuse thalamocortical 
projection system (Figure 4- 1). This ascending reticular 
activating system activates activities of the cerebral cor-
tex. Therefore, if the reticular formation is damaged, the 
cerebral cortex becomes unable to be activated; as a result, 
it is unable to pay attention to or receive the external infor-
mation and to respond by language or behavior (uncon-
sciousness). The brainstem reticular formation also sends 
fiber projections to the spinal cord, various nuclei of the 
brainstem, and the cerebellum for controlling muscle tone 
and postural adjustment. Multiple neurotransmitters, 

Cerebral cortex

Thalamus

Diffuse thalamocortical 
projection system

Ascending projection fibers

Brainstem reticular formation

Figure 4- 1 Schematic diagram showing the brainstem reticular formation and the 
thalamocortical activating system.
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including acetylcholine, noradrenalin, dopamine, and sero-
tonin, are known to take part in the activities of the reticu-
lar formation.

2.   MEChANISMS OF DISTURBANCES 
OF CONSCIOUSNESS

Consciousness is impaired as the result of functional loss 
of neurons of the reticular formation through two mech-
anisms. One is the loss of excitability of the neurons due 
to a decrease or loss of excitatory postsynaptic potentials 
(EPSP) resulting in inability to generate action potentials. 
The other is a loss of neuronal activity due to their exces-
sive discharge or hyperexcitability. An example of the first 
mechanism is tissue damage of the reticular formation 
due to ischemia, hemorrhage, inflammation, mechanical/ 
traumatic injury, and cerebral herniation, and a typical 
example of the second mechanism is epilepsy.

As regards ischemic damage of the brainstem reticular 
formation, unconsciousness may result from two different 
types of ischemia. One is a decrease or loss of blood flow 
due to ischemia of the vertebrobasilar artery territory that 
directly supplies arterial blood to the reticular formation 
(Box 6). The other is a decreased supply of blood or oxygen 

to the whole brain due to cardiac or respiratory failure or 
a sudden decrease in blood pressure (shock). Loss of con-
sciousness due to the latter mechanism is called syncope. 
Thus, transient loss of consciousness is caused by tran-
sient ischemic attack in the vertebrobasilar artery territory, 
syncope due to hypoperfusion or hypoxia, or epileptic 
attacks.

Syncope

Syncope is known to occur in at least six specific condi-
tions (Table 4- 1). Therefore, precise history taking is crit-
ical for the correct diagnosis (Box 7). Usually the attack of 
syncope starts with loss of ability to think clearly, followed 
by fixation of eyes in the midline, loss of facial expression, 
constriction of the visual field, blackout, inability to hear, 
and finally loss of consciousness (Wieling et al, 2009). The 
whole process may be completed within several seconds. In 
general, patients with hypoxia due to chronic pulmonary 
diseases or with anemia due to hematological diseases tend 
to suffer from syncope, and this is especially so for elderly 
patients.

3.   OBSERVATION OF ThE STATE 
OF CONSCIOUSNESS

Usually, the state of consciousness can be accurately eval-
uated while taking the history from the patient. Actually, 
evaluation of the patients with consciousness disturbance 
starts from the time when the examiner approaches the 
patient. If the patient pays attention to the examiner and 
greets verbally or behaviorally, the consciousness level is 
considered to be alert or only mildly impaired. In case the 
patient does not pay attention to the examiner, his/ her 
attention should be aroused by calling his/ her name or by 
giving various stimuli (see the next section). Since the con-
sciousness level tends to change from moment to moment, 
it is important to observe the patient repeatedly along the 

BOX 6 SUBCLAVIAN STEAL SYNDROME

A steal phenomenon is a cause of transient ischemic attack 

due to stealing of blood flow from a large artery supplying the 

nervous system into the contracting muscles, and the sub-

clavian steal syndrome is its typical example. In this condi-

tion, the patient develops vertigo, unsteadiness, and clouding 

of consciousness when he/ she moves an upper limb. In the 

background of this particular condition, there is stenosis or 

occlusion of the subclavian artery proximal to the bifurcation 

of the vertebral artery, and the muscle activity of the upper 

limb supplied by the subclavian artery steals its blood supply 

from the vertebral artery territory, causing poor perfusion in 

the brainstem supplied by the vertebral artery. The subclavi-

an steal syndrome is more common in association with the 

movement of the left upper limb, because the left vertebral 

artery bifurcates from the left subclavian artery after the latter 

bifurcates directly from the aortic arch while the right vertebral 

artery bifurcates from the right subclavian artery soon after it 

bifurcates from the brachiocephalic artery. Some form of in-

termittent claudication is also caused by a steal mechanism 

(see Box 72).

TABLE 4-  1  ETIOLOGICAL CLASSIFICATION OF SYNCOPE

1. Cardiac syncope

2. Orthostatic hypotension

3. Vasovagal syncope

4. Carotid sinus hypersensitivity

5. Micturition syncope

6. Cough syncope
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clinical course. In elderly patients in particular, it should be 
kept in mind that the consciousness level tends to change 
depending on general conditions like hydration, nutrition, 
blood count, and respiratory function.

4.   MODES OF CONSCIOUSNESS 
DISTURBANCE AND ThE COMA SCALE

Disturbances of consciousness can be classified into two 
types. One is a decrease in the level of consciousness 
(clouding of consciousness) and the other is manifested 
as a language or behavioral abnormality (alteration of con-
sciousness). Clouding of consciousness is grouped into 
four categories according to degree.

Somnolence: The consciousness level is decreased if 
the patient is left alone.

Stupor: The patient can be aroused by strong stimulus 
and moves for a short period of time.

Semicoma: The patient can respond to a strong stimu-
lus only with simple movements.

Coma: No response at all, even to strong stimulus.

There are various ways for grading the level of con-
sciousness disturbance; the Glasgow Coma Scale and 
Japan Coma Scale are presented here. In the Glasgow 
Coma Scale (Table 4- 2), the alert condition (normal) is 
graded 15 and deep coma is graded 3. In the Japan Coma 
Scale (Table 4- 3), disturbance of consciousness is graded 
into 9 degrees, ranging from score 1 (mildly impaired) to 
score 300 (deep coma).

Alteration of Consciousness and Delirium

When alteration of consciousness is associated with psy-
chomotor agitation, hallucination, and delusion in addi-
tion to the clouding of consciousness, the condition is 
called delirium. Delirium of acute onset is often seen in 
acute confusional states. The state of delirium is often 

BOX 7 CAUSES OF SYNCOPE

Syncope is caused by six different conditions (Table  4- 1). 

Cardiac syncope, also called Stokes- Adams syndrome, is 

due to transient loss of blood flow due to arrhythmia or car-

diac arrest. In this condition, clonic movements might be 

seen, which necessitates distinction from epileptic attacks. 

Although cardiac arrest might occur as a result of epilepsy, 

the distinction is not difficult from the past history and the 

EEG. Orthostatic hypotension is a common cause of syncope, 

which will be explained in relation to the autonomic nervous 

system (Chapter 20). Vasovagal syncope is caused by a sud-

den reflex elevation of vagal nerve function resulting in hypo-

tension. This condition may be encountered even in healthy 

subjects when, for example, exposed to severe pain. Carotid 

sinus hypersensitivity is seen in patients whose baroreceptors 

of the carotid sinus are pathologically sensitive. In this condi-

tion, a mechanical stimulus like massage to the anterior neck 

tends to cause hypotension (Chapter 20).

Micturition syncope occurs during or immediately after 

micturition due to a sudden decrease of intra- abdominal pres-

sure followed by a reflex decrease of cardiac output. This phe-

nomenon may be seen even in healthy subjects after heavy 

drinking, but the repetitive occurrence of this condition sug-

gests abnormality of the autonomic nervous system. Cough 

syncope occurs after vigorous coughing, which causes a sud-

den increase of the intrathoracic pressure, like the Valsalva 

maneuver, and reflex excitation of the vagal nerve causing 

hypotension.

TABLE 4-  2  ThE GLASGOW COMA SCALE

EYE OPENING

Open spontaneously 4

Open only to verbal stimuli 3

Open only to pain 2

Never open 1

BEST VERBAL RESPONSE

Oriented and converses 5

Converses, but disoriented, confused 4

Uses inappropriate words 3

Makes incomprehensible sounds 2

No verbal response 1

BEST MOTOR RESPONSE

Obeys commands 6

Localizes pain 5

Exhibits flexion withdrawal 4

Decorticate rigidity 3

Decerebrate rigidity 2

No motor response 1
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associated with tremulous or fumbling movements of 
hands (delirium tremens). This condition is commonly 
seen in acute ethanol poisoning, drug intoxication, and 
metabolic encephalopathy. In this regard, it is quite 
important to draw a blood sample from a patient in the 
acute stage and save it for a later laboratory test to mea-
sure the blood level of possible drugs. As the selective sero-
tonin reuptake inhibitors (SSRIs) are often used for the 
treatment of depression, serotonin syndrome is not infre-
quently seen. The serotonin syndrome manifests shaking of 
the legs, restlessness, fever, confusion, visual hallucinations, 
excessive sweating, and tachycardia.

The state of acute clouding or alteration of conscious-
ness without any gross organic lesion in the brain is called 
acute encephalopathy. As this condition is due to a num-
ber of different causes, as listed in Table 4- 4, careful his-
tory taking and the general physical examination play an 
important part in its diagnosis.

5.   CONDIT IONS ThAT ShOULD BE 
DIST INGUIShED FROM CLOUDING 
OF CONSCIOUSNESS

Some special conditions may resemble disturbance of con-
sciousness and need to be distinguished. Those are deep 
sleep, advanced stage of dementia, akinetic mutism, cata-
tonic stupor, and locked- in syndrome. Needless to say, the 
patient under general anesthesia induced for the medical 
purpose is comatose.

Deep Sleep

Usually it is not difficult to distinguish sleep from coma, 
but in some cases, especially after sleep deprivation or after 
taking sleeping drugs, deep sleep may be confused with dis-
turbance of consciousness. The subject in ordinary sleep 
can be completely aroused by verbal calling or other stim-
uli, and can maintain the aroused state for some time, but 
the subject under special conditions may easily fall back to 
sleep soon after being awakened. On the other hand, even 
a patient with mild consciousness disturbance may remain 
foggy at least for a minute or so after being aroused. This 
condition is called lethargy. The electroencephalogram 
(EEG) might help distinguish between sleep and distur-
bance of consciousness. The EEG activities specific for sleep, 
like vertex sharp waves (V waves) and sleep spindles, may be 
seen during sleep, and the subject shows the posterior domi-
nant rhythm of α frequency after being aroused. In contrast, 
those sleep- specific EEG activities are not seen in patients 
with consciousness disturbance, and the background EEG 
activity is abnormal even when the patient appears awake. 
Observation of daily activities provides useful information 
for the diagnosis of consciousness disturbance.

Advanced Stage of Dementia

The patient with marked dementia due to diffuse cere-
bral damage of severe degree cannot pay attention to 

TABLE 4-  4  ETIOLOGICAL CLASSIFICATION OF ACUTE  
ENCEPhALOPAThY

1. Toxic encephalopathy

  1. Ethanol and its related disorders

Wernicke encephalopathy (Box 74)

Alcoholic pellagra encephalopathy

  2. Pharmaceutical drugs

Intoxication due to sleeping drugs

Serotonin syndrome

  3. Carbon monoxide intoxication

  4. Heavy metal intoxication: arsenics, lead

  5. Intoxication due to organic solvents: trichloroethylene

  6. Insecticide poisoning: organophosphate

2.  Metabolic encephalopathy: hyperglycemia, hypoglycemia, hepatic 
failure, renal failure, electrolyte abnormalities

3. Anoxic encephalopathy

4. Hypertensive encephalopathy

TABLE 4-  3  ThE JAPAN COMA SCALE

GRADE I  SPONTANEOUSLY AROUSED

  1. Slightly unclear.

  2. Poorly oriented in time, place, or person.

  3. Unable to tell the patient’s own name and date of birth.

GRADE I I  AROUSED BY ST IMULUS

  10. Opens eyes easily by verbal call.

  20. Opens eyes in response to loud call or shaking body.

  30. Barely opens eyes by painful stimulus plus repetitive calling.

GRADE I I I  NOT AROUSED EVEN BY ST IMULUS

  100. Responds to painful stimulus by throw off.

  200.  Responds to painful stimulus by small movements or facial 
grimacing.

  300. No response to painful stimulus.
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the external environment and is unable to accept infor-
mation and respond. This condition corresponds to a 
state of inattention and apathy, and is encountered in 
the recovery phase from acute encephalitis or anoxic 
encephalopathy of severe degree, and at the terminal 
stage of Creutzfeldt- Jakob disease and Alzheimer dis-
ease. Distinction of this condition from consciousness 
disturbance is not difficult from the information about 
the clinical course and other neurologic findings, and 
the laboratory tests including EEG and neuroimaging 
will provide supplementary information. The sleep- 
wakefulness cycle is usually maintained in the patient 
with severe dementia, whereas it is lost or disrupted in the 
patient with consciousness disturbance. Furthermore, in 
patients with severe brain lesions, motor abnormalities 
such as spastic quadriplegia, dystonia, and Gegenhalten 
(Chapter 16- 3D) are commonly seen.

Akinetic Mutism

In this condition, the eyes are open and blinks and spon-
taneous ocular movements are seen during the daytime, 
but the patient cannot direct his/ her gaze to, recog-
nize, or respond to even familiar persons. Spontaneous 
movements are almost absent or very few. However, the 
patient usually can chew and swallow food once it is put 
into the mouth. The sleep- wakefulness cycle is relatively 
well preserved, and functions of the autonomic nervous 
system and the endocrine system are normally preserved. 
Thus, the prolonged state of this condition is called 
vegetative state.

Akinetic mutism was originally reported by Cairns et al. 
in 1941 in a patient with an epidermoid cyst of the third 
ventricle (Cairns et al, 1941), but akinetic mutism is more 
commonly encountered in association with diffuse corti-
cal lesions or diffuse white matter lesions that functionally 
disconnect the cerebral cortex from the deep gray matter. 
These conditions correspond to the decorticate state or 
apallic syndrome (German:  das apallisches Syndrom). 
The decorticate state is often associated with decorticate 
rigidity and spastic quadriplegia. In decorticate posture, 
the upper limbs are flexed due to increased muscle tone 
in the flexors and the lower limbs are extended due to 
increased muscle tone in the extensors. In akinetic mutism 
due to lesions around the third ventricle, the cerebral cor-
tex is considered to be disconnected from the limbic cortex, 
and physical signs like spastic quadriplegia are few if any. 
Akinetic mutism might be transiently seen in the recov-
ery phase from anoxic encephalopathy, but this condition 
should be distinguished from the vegetative state.

It is often claimed that akinetic mutism has been mis-
taken as brain death, but the distinction is not difficult as 
far as brain death is correctly defined. Namely, brainstem 
functions are fully intact in akinetic mutism, whereas all 
neurons including the brainstem neurons are irreversibly 
damaged in brain death (Chapter 29- 6).

Catatonic Stupor

This condition is similar to akinetic mutism in that the 
patient keeps the eyes open and there are no spontaneous 
movements or response to verbal call or stimuli. It is char-
acterized by the fact that, once the upper limb is passively 
lifted, the patient maintains that posture (catatonia, waxy 
flexibility). Furthermore, the patient may recall some of 
the events that have happened during the unresponsive epi-
sode, if asked later. Catatonic stupor usually occurs during 
the clinical course of psychosis or during neuroleptic medi-
cation, but in some cases its cause is undetermined. In con-
trast with akinetic mutism, catatonic stupor is not associated 
with any organic lesion in the brain even on conventional 
neuroimaging. Usually it spontaneously improves over a 
period of several days, but some patients may respond to 

BOX 8 LOCKED- IN SYNDROME

Locked- in syndrome is totally different from clouding of con-

sciousness or akinetic mutism, because the patient under this 

condition is just unable to express him/ her- self because of the 

total motor paralysis in spite of the intact mental functions. 

A typical example of this condition is complete tetraplegia due 

to an infarction of the bilateral pontine basis as a result of the 

basilar artery occlusion, which interrupts the corticobulbar and 

corticospinal tracts bilaterally. However, as the vertical gaze 

center and the oculomotor nucleus in the midbrain are spared 

in most cases, the patient can still elevate the upper eyelid 

and move the eyes vertically (see Chapter 9- 1, 9- 2). Horizon-

tal eye movements are lost because the horizontal gaze cen-

ter is located in the pontine tegmentum. Furthermore, as the 

functions of the brainstem tegmentum including the reticular 

formation and the ascending sensory pathways are preserved 

in this condition, the patient can understand the environment 

and spoken language.

In fact, locked- in syndrome may also occur in the advanced 

stage of motor neuron disease and in the acute phase of se-

vere Guillain- Barré syndrome, in which all the voluntary mus-

cles including the extraocular muscles may be completely par-

alyzed.
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benzodiazepine administration. Among the organic brain 
lesions, catatonic stupor has been reported in patients with 
multiple sclerosis showing diffuse demyelinating lesions in 
the cerebral white matter. This case, however, must be dis-
tinguished from akinetic mutism.

Locked- in Syndrome

This condition is totally different from the conditions already 
described, such as clouding of consciousness and akinetic 
mutism, but it may cause misunderstanding on the side of 
the patient’s family and even the physician. In this condition, 

consciousness is entirely clear, and sensory and cognitive 
functions are well preserved. Therefore, conversation at the 
bedside should be done with great caution (Box 8).
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5.

BRAINSTEM AND CRANIAL NERVE TERRITORIES

1.  BRAINSTEM

The brainstem is a cylindrical structure longitudinally sit-
uated in the posterior cranial fossa, and is formed of the 
midbrain (mesencephalon), pons, and medulla oblon-
gata from rostral to caudal.

On transverse section of the midbrain at the level of 
the superior colliculus (Figure 5- 1), a pair of large bulges is 
seen symmetrically at the anterior aspect (cerebral pedun-
cle or crus cerebri), and on the posterior aspect there is a 
pair of small protrusions just lateral to the midline (supe-
rior colliculus) with another pair below them (inferior 
colliculus). These two pairs of protrusions together are 
called quadrigeminal bodies. This posterior region of 
the midbrain is called the tectum, and the region between 
the tectum and the cerebral peduncle is called the mes-
encephalic tegmentum, where the substantia nigra, red 
nucleus, periaqueductal gray substance, and other struc-
tures are located.

The anterior two- thirds of the pons (pontine basis) 
is formed by a large structure containing the descend-
ing fibers from the cerebral cortex through the cerebral 
peduncle and the transverse fibers originating from the 
pontine nucleus (Figure 5- 2). The remaining part of pons 
is called the pontine tegmentum, which contains the 
medial lemniscus anteriorly and a number of nuclei and 
fiber tracts posteriorly.

The medulla oblongata is located at the caudal end of 
the brainstem, and anteriorly there is a pair of small pro-
trusions just lateral to the midline (pyramid) (Figure 5- 3). 
Through the pyramid, the descending fibers from the cere-
bral cortex project to the spinal anterior horn cells, and 
thus this fiber tract is called the pyramidal tract. Just lat-
eral to each pyramid, there is another bulge formed by the 
inferior olive. Just posterior to the pyramid, the medial 
lemniscus is located. The posterior rim of the medulla 
oblongata forms the anterior wall of the fourth ventricle, 
and along the rim are situated the hypoglossal nucleus, 

dorsal motor nucleus of the vagus, and vestibular nuclei 
on each side away from the midline in this order.

2.   COMMON STRUCTURES 
OF CRANIAL NERVES

There are 12 pairs of cranial nerves. Among these, the first, 
second, and eighth cranial nerves serve special sensory 
functions; olfaction, vision, and audiovestibular function, 
respectively. All of the remaining cranial nerves contain 
motor nerve fibers innervating the skeletal muscles, and 
the fifth, seventh, ninth, and tenth cranial nerves also con-
tain somatosensory nerve fibers. Furthermore, the third, 
seventh, ninth, and tenth cranial nerves also contain auto-
nomic nerve fibers.

Of the motor fibers contained in the cranial nerves, 
all of them originate from a corresponding motor nucleus, 
which is located within the brainstem tegmentum. In con-
trast, all of the primary somatosensory neurons are located 
in the somatosensory ganglia, which are located outside 
of the brainstem. Motor fibers of the cranial nerves do 
not cross between the sides, at least outside of the brain-
stem. Within the brainstem, the trochlear nerves cross at 
the anterior medullary velum (posterior rim of the mid-
brain at its caudal level), and some of the oculomotor 
nerve fibers are known to cross within the midbrain (see 
Chapter 9- 1A).

Among the sensory fibers contained in the cra-
nial nerves, only the optic nerves decussate partially 
(see Chapter  7- 1B), but other sensory nerves do not 
cross. Therefore, if the sensory fibers are damaged, the 
symptoms will appear on the same side, corresponding 
to the innervated territory, with the exception of the 
optic nerve.

Cytoarchitecturally, the myelin sheath for the cranial 
nerves originates from the cell membrane of Schwann 
cells, except for the olfactory tract and the optic nerve. 
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Both the olfactory tract and the optic nerve are the sec-
ondary neuron of each sensory system, and thus their 
myelin sheath is formed of the cell membrane of oligo-
dendroglia, in spite of the fact that those fibers are sit-
uated outside of the brain parenchyma. That is why the 
optic nerve is often affected in multiple sclerosis, which 

is a demyelinating disease affecting the central nervous 
system.

The autonomic nerve fibers contained in the cranial 
nerves generally innervate the ipsilateral side of the body 
except for the visceral organs, which are asymmetric in their 
location (see Chapter 14- 5).
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Figure 5- 1 Schematic diagram showing a transverse section of midbrain at the level of the superior colliculus. III: oculomotor nerve, MLF: medial 
longitudinal fasciculus. (Modified from Haymaker, 1969)
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Figure 5- 2 Schematic diagram showing a transverse section of pons at the level of the abducens nerve (VI) and the facial nerve (VII). V: trigeminal 
nerve, VIII: vestibulocochlear nerve, MLF: medial longitudinal fasciculus. (Modified from Haymaker, 1969)
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3 .   CRANIAL NERVES RELATED 
TO SOMATOSENSORY FUNCTION

Primary somatosensory neurons of the fifth, seventh, 
ninth, and tenth cranial nerves are all situated outside of 
the brainstem. Like the spinal nerve (see Figure 19- 1), the 
primary sensory neuron is a bipolar cell located in a sen-
sory ganglion. The impulses generated in the peripheral 
sensory receptors are conducted through the peripheral 
axon to the neuronal soma, and are further conducted 
through the central axon to reach the brainstem paren-
chyma. Cytoarchitecturally, therefore, the central axon 
belongs to the peripheral nervous system until it enters the 
brainstem parenchyma, and once it enters the brainstem, 
it belongs to the central nervous system. Thus, this single 
neuron is formed of two different components, peripheral 
and central, due to this difference in the histological origin 
of the myelin sheath.

Regarding axonal flow, which is important for the 
transport of neurotrophic factors from the neuronal soma 
to the distal axon, the nerve impulse in the motor fibers is 
conducted in the same direction as the axonal flow. In the 
peripheral axon of the sensory fibers, in contrast, the nerve 
impulse is conducted in the opposite direction to the axonal 
flow. Namely, in the peripheral axon of the sensory nerves, 
the electric impulse is conducted from the distal terminal to 
the sensory ganglion cell, whereas the neurotrophic factors 

are transported from the sensory cell to the distal terminal 
of the axon. In the central axon of the sensory nerves, the 
nerve impulse is conducted in the same direction as the 
axonal flow.

4.   CRANIAL NERVES RELATED 
TO AUTONOMIC NERVOUS FUNCTION

The autonomic nervous system is described in detail later 
in this book (Chapter  20). The third, seventh, ninth, and 
tenth cranial nerves contain the parasympathetic efferent 
fibers. For the sympathetic nervous system, the pregan-
glionic neuron is located in the intermediolateral nucleus, 
which is located at the lateral column of the spinal cord 
extending from the first thoracic segment to the first lum-
bar segment (see Figure 14- 5). Then the preganglionic fibers 
leave the cord through the anterior spinal root to reach the 
sympathetic ganglion, from which the postganglionic fibers 
originate to innervate the whole body (see Figure  20- 1). 
Regarding sympathetic innervation of the head, face, and 
cranial nerve territories, the preganglionic fibers originate 
from the intermediolateral nucleus at the first thoracic seg-
ment and run through the inferior and middle cervical sym-
pathetic ganglia to reach the superior cervical sympathetic 
ganglion, where the postganglionic fibers originate (see 
Figure 8- 4).
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Figure 5- 3 Schematic diagram showing a transverse section of medulla oblongata. V: trigeminal nerve, IX: glossopharyngeal nerve, X: vagus nerve, 
XII: hypoglossal nerve, MLF: medial longitudinal fasciculus. (Modified from Haymaker, 1969)
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In the brainstem reticular formation, there are 
important centers for controlling the vital signs such 
as respiration, cardiovascular functions, and vomiting 
(Figure 5- 4). In addition, the micturition centers also 
exist in the brainstem, and an isolated lesion involving 
some areas of pons or medulla oblongata can cause uri-
nary retention.

5.   LOCATION OF ThE CRANIAL NERVE 
NUCLEI  IN  ThE BRAINSTEM

With the exception of the first cranial nerve (olfactory 
nerve), the second cranial nerve (optic nerve) and the elev-
enth cranial nerve (accessory nerve), the nuclei of all cranial 
nerves are located in the tegmentum of the midbrain, pons, 

Pontine respiratory 
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Cardiovascular center

Medullary respiratory
center
Vomiting center

Figure 5- 4 Schematic diagram showing the centers for respiration, cardiovascular system, and vomiting in the brainstem.
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nerve, VI: abducens nerve, VII: facial nerve, VIII: vestibulocochlear nerve, X: vagus nerve.

 

 



5.  BRAINSTEM AND CRANIAL NERVE TERRITORIES 33

or medulla oblongata. As the location of nuclei of these 
cranial nerves is often indicated on the transverse section 
of the brainstem at various levels, it tends to give a wrong 
impression as to the length of each nucleus. Since some 
nuclei, in fact, extend for a relatively long distance (Figure 
5- 5), the topographic interrelationship should be kept in 
mind when estimating the location of the lesion from the 
clinical symptoms and signs.

Neurologic Examination of the Cranial Nerve Territory

Functions of the cranial nerves can be tested in the order of 
their numbers, but the emphasis can be placed on certain 

cranial nerves depending on the information obtained from 
the history taking. In the following chapters, anatomical 
structures, functions, and the method of neurologic exam-
ination of each cranial nerve are described in the order of 
actual examination. However, the eleventh cranial nerve 
(accessory nerve) is dealt with in the chapter on the neck 
and trunk (Chapter 15), because its functions are related to 
the posture and movement of the neck.
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6.

OLFACTORY SENSATION

1.  STRUCTURES AND NEUROTRANSMITTERS 
OF ThE OLFACTORY SYSTEM

The primary neurons of the olfactory system are the bipo-
lar cells located in the olfactory epithelium of the nasal 
mucous membrane (Figure 6- 1). Their peripheral axonal 
endings serve as the olfactory receptors, and an electric 
impulse generated there is conducted to the cell body, 
from which the central axon originates as the olfactory 
nerve. The olfactory nerve is an unmyelinated fiber. 
After passing through the lamina cribrosa of the ethmoid 
bone, it projects to the olfactory bulb in the anterior 
cranial fossa. The secondary neurons originate from the 
mitral cells in the olfactory bulb, which then run pos-
teriorly in the olfactory tract in the olfactory groove 
and enter the brain parenchyma from the anterior polar 
region of the temporal lobe. As described in Chapter 5- 2, 
the olfactory tract belongs to the central nervous system, 
because its myelin sheath is derived from oligodendro-  
glia. As the olfactory groove is a common site for a menin-
gioma, unilateral anosmia is a representative sign of such 
a meningioma.

In the olfactory bulb, the neurotransmitter of the 
mitral cells is glutamate, while dopamine is considered 
to be involved in the interneurons. In relation to this, 
in Parkinson disease olfactory sensation is impaired 
from its early stage (Boesveldt et al, 2008). In fact, Lewy 
bodies appear in the olfactory bulb in the earliest stage 
of Parkinson disease (Braak & Del Tredici, 2008, for 
review).

Olfactory sensation is believed to be perceived in the 
limbic system of the brain, which includes, among oth-
ers, the uncus, hippocampus, and amygdala (Figure 6- 1). 
A patient with mesial temporal lobe epilepsy might com-
plain of an unusual smell as an aura. This phenomenon 
is considered to be due to involvement of the olfactory 

centers by epileptic discharges, and this type of attack is 
called an uncinate fit according to its anatomical site.

2.   ExAMINATION OF OLFACTORY SENSATION

The sense of smell is tested by using a nonpungent stim-
ulus such as a mild perfume. It is important to test the 
left and right nose separately. Bilateral disturbance of 
olfactory sensation is commonly seen in inflammation 
of the nasal mucosa such as rhinitis or the common 
cold. Bilateral anosmia may be a manifestation of some 

Olfactory nerveOlfactory epithelium

Olfactory bulb

Olfactory tract

Olfactory tubercle

Uncus
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Hippocampal
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Entorhinal area
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Figure 6- 1 Schematic diagram showing the olfactory pathways. (Modified 
from Brodal, 2010, with permission)
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hereditary neurodegenerative diseases. A typical example is 
an X- linked hereditary disease called Kallmann syndrome, 
which is characterized by anosmia, congenital mirror move-
ments, and hypogonadotropic hypogonadism. Anosmia in 
this condition is believed to be due to developmental abnor-
mality of the olfactory bulb. It is not difficult to distinguish 
congenital bilateral anosmia from upper respiratory infec-
tion by taking into account the accompanying symptoms. 
As described earlier, bilateral disturbance of olfactory sen-
sation may be seen in patients with Parkinson disease, but 
total loss of this sense is rare in this disease.

Unilateral anosmia is a characteristic sign of olfac-
tory groove meningioma, especially when the history 

of present illness suggests the presence of an intracranial 
space- occupying lesion, and, in fact, it may be the only neu-
rological deficit seen in this slowly progressive tumor.

BIBLIOGRAPhY

Boesveldt S, Verbaan D, Knol DL, Visser M, van Rooden SM, van Hil-
fen JJ, et  al. A comparative study of odor identification and odor 
discrimination deficits in Parkinson’s disease. Mov Disord 23:1984– 
1990, 2008.

Braak H, Del Tredici K. Invited article: nervous system pathology in spo-
radic Parkinson disease. Neurology 70:1916– 1925, 2008. (review)

Brodal P. The Central Nervous System: Structure and Function. 4th ed. 
Oxford University Press, New York, 2010.

 



37

7.

VISUAL FUNCTIONS

1.  ANATOMY AND FUNCTION OF  
ThE V ISUAL SYSTEM

A .   R E T I N A

Visual receptors are photoreceptor cells that are located 
in the outer layer of the retina (Figure 7- 1). There are two 
kinds of photoreceptor cells:  cones and rods. Cones are 
located mainly at the macular area and control photopic 
vision in the light condition, and rods are distributed 
more toward the periphery of the retina and control sco-
topic vision in the dimly lit condition. The primary neu-
rons of the visual system are bipolar cells, which receive 
impulses through their peripheral axons and transmit 
them through their central axons to the retinal ganglion 
cells. The retinal ganglion cells serve as the secondary 
neurons of the visual system. Axons of ganglion cells from 
all parts of the retina project to the central part of the ret-
ina and form the optic disc (optic papilla) (Figure 7- 2). 
From the optic disc, a bundle of axons runs posteriorly as 
the optic nerve and enters the cranial cavity through the 
optic foramen.

As described in Chapter 5- 2, the optic nerve histolog-
ically belongs to the central nervous system, and it is often 
involved in multiple sclerosis and neuromyelitis optica. 
Isolated demyelination of the optic nerve is called optic 
neuritis, and it may also be called retrobulbar neuritis 
because the lesion commonly involves a part of the optic 
nerve behind the ocular bulb. It is usually unilateral, but it 
may be bilateral, as is often the case in neuromyelitis optica 
(Box 9).

In Leber hereditary optic neuropathy (atrophy), 
vision is impaired relatively acutely in young adults. 
Usually it starts unilaterally, but in most cases the oppo-
site eye is also involved within a year. As visual acuity may 
occasionally improve to some degree, it may have to be 

differentiated from bilateral optic neuritis. This condition 
belongs to the mitochondrial encephalomyopathies (see 
Box 57). It is due to a point mutation of mitochondrial 
DNA transmitted by maternal inheritance. Various treat-
ments are being tried for this disease, including trials of 
antioxidant agents like idebenone (Newman, 2011, for 
review).

Fovea Centralis and Optic Disc

The fovea centralis (fovea) is in the center of the mac-
ula lutea (macula) and plays an important role in central 
vision. A bundle of nerve fibers arising from the fovea runs 
nasally to enter the optic disc from its temporal rim, the 
maculopapillary bundle (Figure 7- 2). This bundle is con-
sidered to occupy the central portion of the optic nerve, 
which is commonly affected by demyelinating lesions in 
optic neuritis or retrobulbar neuritis. In this condition, 
therefore, it is common to find pale discoloration at the 
temporal part of the optic disc (temporal pallor). This 
phenomenon is due to retrograde degeneration of the 
optic nerve axons as a result of axonal involvement at the 
demyelinating site (Figure 7- 2). For the same reason, a 
central scotoma is often seen in this condition. Thus, an 
ophthalmoscopic finding of temporal pallor in this condi-
tion suggests that the axons have also been involved sec-
ondary to the demyelination at least several days prior to 
the time of examination, and thus it suggests poor progno-
sis for visual acuity. By contrast, in conditions associated 
with primary degeneration of the macula, temporal pallor 
is seen as a result of orthograde degeneration of the axons 
(Figure 7- 3).

Blood Supply to the Retina

The retina receives its blood supply from the ophthalmic 
artery, which bifurcates from the internal carotid artery soon 
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after it enters the cranial cavity through the carotid canal. The 
ophthalmic artery enters the orbit along with the optic nerve 
through the optic foramen, and it supplies blood to the retina 
as the central retinal artery (Figure 7- 4). Occlusion of this 
artery, for example by embolism, causes ipsilateral blindness.

Temporal arteritis is an arteritis of the temporal artery 
affecting elderly people. This special arteritis might cause 

ipsilateral blindness and optic atrophy due to secondary 
thrombosis in the ophthalmic artery. It has been reported 
that varicella- zoster virus might trigger the immunopa-
thology of this giant cell arteritis (Gilden et  al, 2015). 
Temporal arteritis is often combined with polymyalgia 
rheumatica, and it shows marked elevation of the eryth-
rocyte sedimentation rate and responds to corticosteroid 
therapy (see Chapter 16- 3C). If the central retinal artery 
is transiently occluded by an embolus originating from 
atherothrombotic plaque of the internal carotid artery, it 
causes transient blindness as a result of transient ischemic 
attack (amaurosis fugax). If this attack is accompanied by 
contralateral hemiparesis, it suggests the presence of ath-
erothrombosis in the internal carotid artery on the side of 
blindness.

Transient blindness may be also seen as a prodromal 
symptom of migraine. In retinal migraine, spasm in the 
ophthalmic artery or in the central retinal artery may cause 
visual disturbance as a result of ischemia, followed by pul-
sating pain in the orbit or in the surrounding region. Acute 
visual loss in optic neuritis or retrobulbar neuritis is char-
acterized by a central scotoma. In this case, ocular pain is 
induced by upward gaze, because the optic nerve is mechan-
ically stretched by this maneuver, which in turn provokes 
the inflammatory pain.

B .   O P T I C  N E R V E  A N D  O P T I C   C h I A S M

The optic nerve runs posteromedially after leaving the 
orbit and about half of the nerve fibers cross at the optic 

Axon of optic nerve
Retinal ganglion cell

Bipolar cell 
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Photoreceptor cell

External segment
Pigmented epithelium

Choroid

Amacrine cell

Figure 7- 1 Cytoarchitecture of retina. The outer layer is shown below and the 
inner layer is shown upward of the figure. Arrow on top indicates direction 
of the incoming light. (Modified from Brodal, 2010, with permission)

Optic disc

Optic nerve

Fovea centralis

Maculopapillary bundle

Direction of axonal flow and
impulse conduction

[Temporal][Nasal]

Figure 7- 2 Schematic diagram showing the interrelationship of optic disc and fovea. View from top of the right eye. The maculopapillary bundle 
originating from the fovea centralis enters the optic disc from its temporal margin.
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chiasm. Namely, those fibers coming from the nasal half of 
the retina, which corresponds to the temporal visual field 
of that eye, run through the medial half of the optic nerve 
and cross at the chiasm to form the contralateral optic tract 
together with the uncrossed fibers coming from the tem-
poral half of the contralateral retina, which corresponds to 
the nasal visual field of that eye (Figure 7- 5). Thus, the optic 

tract transmits the visual input arising from the contralat-
eral hemifield of both eyes.

If the optic chiasm is compressed by a pituitary ade-
noma from below, only the crossed fibers of optic nerves 
are affected, resulting in bitemporal hemianopsia (2 
of Figure 7- 5). It is known that the crossing fibers orig-
inating from the inferior nasal aspect of the retina first 
enter the contralateral optic nerve forming an arc for a 
short distance before crossing at the chiasm. Thus, if the 
optic nerve is compressed from below just before enter-
ing the chiasm, it causes a defect of the superior temporal 
visual field of the contralateral eye in addition to visual 
loss of the ipsilateral eye. This phenomenon is, however, 
extremely rare. Theoretically, compression of the optic 
chiasm from below on both sides may damage those 
nerve fibers arising from the temporal half of both retinas 
and cause binasal hemianopsia, but this phenomenon is 
also extremely rare.

The optic tract is formed from the nerve fibers aris-
ing from the temporal half of the ipsilateral retina and the 
nasal half of the contralateral retina, and it runs posterolat-
erally and projects to the lateral geniculate body (LGB). 
Thus, if the optic tract is damaged, it causes homonymous 
hemianopsia contralateral to the lesion (3 of Figure 7- 
5). Since the optic tract is located just below the globus 
pallidus and internal capsule, deep brain surgery targeting 
the globus pallidus should be carried out with caution (see 
Figure 16- 8).

Nerve Fibers of the Optic Tract Related  
to Nonvisual Functions

While most nerve fibers of the optic tract project to LGB, 
some fibers turn medially just before reaching the LGB and 
enter the mesencephalic tectum to project to the superior 
colliculus and pretectal nucleus (Figure 7- 6). The superior 
colliculus plays an important role in eye– head coordina-
tion (see Chapter  9- 4), and the pretectal nucleus serves 
as the afferent arc of the light reflex (see Chapter  8- 1). 
Furthermore, some nerve fibers of the optic tract project 
to the suprachiasmatic nucleus of hypothalamus, which is 
located just above the optic chiasm. Neurons in the supra-
chiasmatic nucleus are activated by bright light and acti-
vate the pineal body to produce melatonin, which then 
activates a part of the hypothalamus involved in the control 
of the circadian rhythm (see Chapter 28- 3). This is why it 
is believed that exposure to sunlight and the use of mela-
tonin improve jet lag during an overseas trip and changing 
time zones.

BOX 9 CLINICAL FEATURES OF DEMYELINATING 

DISEASES: IS ThE UhThOFF PhENOMENON DUE 

TO PhYSICAL ExERCISE OR INCREASE IN BODY 

TEMPERATURE?

It is known that in patients with multiple sclerosis (MS) 

symptoms such as motor paresis worsen while taking a 

bath. In 1890, a German ophthalmologist named Uhthoff 

reported that, in four among 105 patients with MS, visual 

loss and abnormality of color vision and visual field were 

induced by physical exercise. In one of the four patients, 

in addition to visual loss of the left eye, motor paresis 

of the right leg and sensory disturbance of the left arm 

were also induced when standing by the stove (Guthrie & 

Nelson, 1995). In fact, this phenomenon is considered to 

be common in patients with MS. Uhthoff initially thought 

that this phenomenon was due to physical exercise rather 

than an increase in the body temperature. Based on sub-

sequent observation by many neurologists, it is currently 

believed that this phenomenon is caused by an increase 

in the body temperature rather than by physical exercise. 

By using the technique of transcranial magnetic stimula-

tion in MS patients, it was shown that a change in body 

temperature worsens the conduction block (Humm et  al, 

2004). Physiologically, it is known that, at the site of in-

complete demyelination where the conduction block takes 

place, the conduction rate is decreased by the temperature 

increase, whereas, in intact nerve fibers, the temperature 

elevation increases the conduction velocity. However, it is 

also known that, in some cases, symptoms worsen with 

a decrease in the body temperature. Nerve conduction 

in demyelinated nerve can be described as an inverted 

U- shaped function, slowing with both increasing and de-

creasing temperature. A similar phenomenon can be seen 

in multifocal motor neuropathy, which is characterized by 

conduction block in the peripheral motor nerve fibers (see 

Chapter 16- 3C). In this condition, fatigue is caused as a 

result of increased conduction block after strong contrac-

tion of the corresponding muscle (activity- dependent con-

duction block) (Kaji et al, 2000).
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C .   L A T E R A L  G E N I C U L A T E  B O D Y  
A N D  O P T I C  R A D I A T I O N

The tertiary neurons of the visual system send projections 
from the LGB to the visual cortex (geniculocalcarine 
tract). The tract runs laterally through the posterior limb 
of the internal capsule and spreads as optic radiation. 
Therefore, a vascular lesion of that part of the internal 

capsule causes contralateral hemiplegia and homonymous 
hemianopsia. The dorsolateral portion of optic radiation 
runs posteriorly along the posterior horn of the lateral 
ventricle and reaches the upper half of the visual cortex 
through the parietal lobe. The ventral portion of optic 
radiation runs laterally just above the inferior horn of the 
lateral ventricle forming Meyer’s loop. Then it reaches 

 [temporal][nasal]

Figure 7- 3 Ophthalmoscopic view of the left eye in a case of sialidosis type 2. The fovea centralis appears “cherry- red” in color (cherry- red spot), and 
is surrounded by white color due to the lipid deposit. The optic disc shows “temporal pallor” due to orthograde degeneration of the maculopapillary 
bundle as a result of macular degeneration. A white spot in the center of the optic disc is due to physiological cupping.
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Figure 7- 4 Main cerebral arteries (a: lateral view, b: frontal view). 1: internal carotid artery, 2: ophthalmic artery, 3: posterior communicating artery, 
4: anterior choroidal artery, 5: anterior cerebral artery, 6: orbitofrontal artery, 7: callosomarginal artery, 8: pericallosal artery, 9: middle cerebral artery, 
10: arteries of precentral and central sulci, 11: parietal artery, 12: angular artery, 13: temporal artery. See Figure 9- 3 for the vertebrobasilar artery 
territory. (Reproduced from List et al, 1945, with permission)
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the lower half of the visual cortex through the temporal 
lobe. If Meyer’s loop is damaged by surgical resection of 
the anterior portion of the temporal lobe for treatment of 
medically intractable mesial temporal lobe epilepsy, con-
tralateral homonymous superior quadrantanopsia may 
appear.

A lesion of the retrochiasmatic portion of the visual 
system causes contralateral homonymous hemianopsia, 
but the shape of the visual field defect differs depending 
on which part of the visual pathway is damaged. In a lesion 
of the optic tract, the visual field defect is incongruous in 
its shape between the two hemifields (3 of Figure 7- 5). By 

Optic nerve

Left eye Right eye

Lateral geniculate
body Optic chiasm

Optic 
radiation

Calcarine cortex
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Figure 7- 5 Schematic diagram of the visual pathway and defect of visual field caused by lesion of each site. 1: blindness, 2: bitemporal hemianopsia, 
3: homonymous hemianopsia, 4: homonymous superior quadrantanopsia, 5: homonymous inferior quadrantanopsia, 6: homonymous visual field 
defect (homonymous scotoma). Note that hemianopsia due to lesion of optic tract (3) is incongruous in shape between the two eyes.
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Figure 7- 6 Schematic diagram showing the afferent and efferent pathways related 
to the light reflex. (Modified from Brodal, 2010, with permission)
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contrast, the visual field defect caused by a lesion of the 
optic radiation near the visual cortex is more congruous 
between the left and right eyes. As the optic radiation is 
separated into the temporal pathway and the parietal path-
way as described above, a lesion of the temporal lobe causes 
homonymous superior quadrantanopsia (4 of Figure 
7- 5) while a lesion of the parietal lobe causes homony-
mous inferior quadrantanopsia (5 of Figure 7- 5), both 
contralaterally.

In hemianopsia caused by a vascular lesion of the visual 
cortex, the central visual field is often spared (macular 
sparing). The mechanism underlying this phenomenon 
has not been precisely elucidated, but it has been postu-
lated that a part of the occipital cortex receiving input 
from the macular portion of retina might receive blood 
supply from bilateral posterior cerebral arteries. However, 
in view of the fact that this phenomenon is seen not only 
in ischemic stroke of the posterior cerebral artery territory 
but also in hemorrhage of the occipital lobe, the above 
hypothesis is unlikely.

D.   V I S U A L   C O R T E x

On a histological section of cortex around the calcarine fis-
sure, a white line called the line of Gennari is seen, which 
is due to abundant myelinated fibers in the fourth layer 
of the calcarine cortex. This cortex is also called the stri-
ate area based on this appearance. There is precise topo-
graphical organization throughout the whole visual system 
starting from the retina and terminating at the calcarine 
cortex. Namely, visual input coming from a certain part of 
the visual field activates retinal ganglion cells localized to 
the corresponding part of each retina, and their impulses 
activate a group of neurons in the corresponding part of 
LGB contralateral to the visual field, which then activates 
neurons in the corresponding part of the striate area (ret-
inotopic organization). Thus, if there are blind spots of 
congruous shape in the visual fields of the two eyes, it may 
be due to a localized lesion involving a small part of the 
contralateral striate area (homonymous scotoma) (6 of 
Figure 7- 5).

E .   B L O O D  S U P P LY  T O   T h E  V I S U A L  PA T h W A Y

As the visual system extends from eyes to the occipital cor-
tex, it receives blood supply from multiple arteries. The 
retina and its ganglion cells receive blood supply from the 
ophthalmic artery. The optic chiasm is supplied by a branch 
of the anterior cerebral artery. The optic tract and LGB are 

supplied by the anterior choroidal artery, which bifurcates 
from the internal carotid artery, and the optic radiation is 
supplied by branches of the internal carotid artery. Finally 
the occipital cortex receives blood supply from the posterior 
cerebral artery (Figures 7- 4 and 7- 7). Therefore, visual field 
defects caused by ischemic vascular diseases differ depend-
ing on which artery is involved. The responsible artery can 
be estimated from the mode of visual field defect and other 
accompanying neurologic deficits.

F.   C Y T O A R C h I T E C T U R E  O F   T h E  V I S U A L  S Y S T E M 
A N D  h I G h E R  C O R T I C A L  F U N C T I O N S

The LGB is divided into six layers, the ventral two layers 
mainly formed of large neurons (magnocellular layer) 
and the dorsal four layers mainly formed of small neurons 
(parvocellular layer) (Figure 7- 8). The magnocellular layer 
receives projections from large retinal ganglion cells, and 
the parvocellular layer receives axons originating from small 
retinal ganglion cells.

The primary visual cortex is in the striate area of the 
occipital cortex (Brodmann area 17), and it is connected 
to the extrastriate area including Brodmann areas 18 and 
19 (Figure 7- 9) (Brodmann, 1910). The primary visual 
area is engaged in the processing of basic visual informa-
tion, and more advanced visual information is processed in 
the extrastriate area. In general, it is believed that recogni-
tion of visual objects is processed in the ventral pathway 
projecting from the occipital cortex to the temporal cor-
tex (“what” pathway) while spatial information and recog-
nition of movement are processed in the dorsal pathway 
projecting from the occipital cortex to the parietal cortex 
(“where” pathway). It is also believed that the projection 
fibers originating from the magnocellular layer of LGB are 
engaged in the processing of movement and depth while 
those originating from the parvocellular layer of LGB are 
related to the processing of shape, pattern, and color of 
objects.

Special Visual Functions

Several cortical areas are known to be involved in special 
visual functions. Area V4 (the posterior part of the lin-
gual gyrus and the posterior part of the fusiform gyrus) is 
important for color vision. Area V5 (the posterior part of 
the middle temporal gyrus, corresponding to middle tem-
poral [MT] of monkey) plays a special role in visual rec-
ognition of movement (motor vision). The fusiform gyrus 
in the inferior temporal lobe is known to be important 
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Figure 7- 7 A horizontal section of the cerebral hemisphere showing the territories perfused by each cerebral artery. 1: anterior cerebral artery, 2: middle 
cerebral artery, 3: posterior cerebral artery, 4: perforating branches of the anterior cerebral artery, 5: anterior communicating artery, 6: anterior 
choroidal artery, 7: perforating branches of the posterior communicating artery, 8: perforating branches of the middle cerebral artery, 9: posterior 
choroidal artery. (Reproduced from Duvernoy, 1999, with permission)
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Figure 7- 8 Structure of the lateral geniculate body and the projection it receives from the retina. M: large ganglion cells of the retina, P: small ganglion 
cells of the retina. (Modified from Brodal, 2010, with permission)
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for recognition of faces, and a bilateral lesion of this area 
causes prosopagnosia. In this condition, the patient can-
not recognize a familiar face visually, but once the voice 
is heard, the person can be easily identified. Information 
about these higher visual functions has been obtained by 
observation of the patients with localized cortical lesions 
and by recently developed, noninvasive techniques such 
as magnetoencephalography and functional neuroimaging 
(Shibasaki, 2008, for review).

2.   ExAMINATION OF V ISUAL FUNCTIONS

A .   V I S U A L   A C U I T Y

Before examining visual acuity from a neurologic point of 
view, it is better to pay attention to the presence or absence 
of any abnormality in the cornea, lens, and vitreous body. 
Presence of these ophthalmological abnormalities can be 
estimated from the past medical history, but if there is any 
question, ophthalmological evaluation will be needed. If a 
patient usually wears glasses for accommodation failure or 
astigmatism, it is advisable to examine visual acuity with the 
glasses on for the neurologic examination.

How much detail of visual acuity should be measured 
depends on the tentative diagnosis based on the history tak-
ing and on the clinical set- up in the hospital. At any rate, it 
is important to examine the visual acuity of each eye inde-
pendently. For quantitative measurement of visual acuity, 
various charts are available. Visual acuity can be measured 
for both near and far, relevant for reading and seeing at a 

distance, respectively. Differences in acuity for near and far 
are indicative of ophthalmological causes.

If abnormality of visual acuity is found in one eye, or in 
both eyes but with significant asymmetry between the two 
eyes, it may suggest either ophthalmological abnormalities 
including the retina or an optic nerve lesion in that eye. In 
that case, it is important to check whether it is a defect of 
the central visual field (central scotoma) or it involves the 
whole visual field. The presence of a central scotoma sug-
gests a lesion either in the macula of the retina or in the 
optic nerve.

B .   V I S U A L   F I E L D

Examination of the visual field may be initiated by a con-
frontation test, in which the visual field of two eyes is 
simultaneously tested by using examiner’s hands. For 
example, the examiner sits about 50  cm in front of and 
facing the patient, and holds the examiner’s hands about 
30 degrees apart. Then the examiner wiggles fingers of the 
left or right hand and asks the patient to tell which hand 
was moved.

When doing the confrontation test, it is important to 
test also simultaneous presentation of visual targets in the 
left and right visual fields. If the patient constantly neglects 
one side, it suggests either homonymous hemianopsia or 
hemispatial neglect (see Chapter 23- 2C), and in this case 
the visual field of each eye should be examined in more 
detail. For testing the visual field of one eye on the con-
frontation test, for example, the examiner’s left eye serves 
as a control for the patient’s right eye by keeping the other 
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Figure 7- 9 Brodmann’s cortical areas based on the cytoarchitecture. (Reproduced from Brodmann, 1910)
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eye closed or masked. Then the patient is asked to fix his/ 
her gaze on the examiner’s hand held just halfway between 
the patient and the examiner, while the examiner moves a 
visual target with the other hand in the central and periph-
eral visual field.

If there is any difficulty in testing the upper visual field, 
it is useful to test it again with the upper eyelid lifted. 
Furthermore, in subjects who have a very high nose, the 
confrontation test might show an apparent defect in the 
inferior nasal field for both eyes.

As expected, sensitivity of the confrontation test is not 
very high (Kerr et al, 2010), but gross abnormality of the 
visual field can be detected if carefully tested. Needless to 
say, however, if any abnormality of visual system is sug-
gested from the history taking or from the confrontation 
test, the visual field should be measured precisely by using 
the perimetry.

Central Scotoma

The presence of a central scotoma in one eye suggests 
that either the macular region of the retina or the optic 
nerve is damaged. When doing the confrontation test, 
one may find a blind spot just lateral (temporal) to the 
central field. This field defect is called the Mariotte blind 
spot, which corresponds to the optic disc, where there are 
no photoreceptor cells (Figure 7- 2). Therefore, this blind 
spot is enlarged in case of papilledema. Furthermore, in 
case of central retinitis, a blind spot of racket shape may 
be formed as a result of fusion of the central scotoma and 
the Mariotte blind spot.

Other Visual Field Defects

A defect of temporal fields of both eyes (bitemporal hemi-
anopsia) is caused by a lesion of the optic chiasm, in par-
ticular its compression by a pituitary adenoma from below 
(2 of Figure 7- 5). A  hemifield defect of the same side in 
both eyes (for example, nasal of one eye and temporal of 
the other eye) is called homonymous hemianopsia and is 
caused by a lesion involving the contralateral visual path-
way central to the optic chiasm, namely the optic tract (3 
of Figure 7- 5), LGB, optic radiation, or occipital cortex. 
Likewise, a defect of either the upper half or the lower half 
of hemifield of the same side in both eyes is called hom-
onymous superior quadrantanopsia (4 of Figure 7- 5) 
or homonymous inferior quadrantanopsia, respectively 
(5 of Figure 7- 5). The former is caused by a lesion of the 

contralateral temporal lobe, and the latter is caused by a 
lesion of the contralateral parietal lobe. Unilateral lesion of 
the calcarine cortex causes a congruous defect of the con-
tralateral hemifield, often associated with macular sparing, 
in both eyes.

If the occipital pole is unilaterally affected, by head 
trauma for example, a localized field defect (scotoma) 
may be seen in the contralateral half of the central visual 
field of both eyes (6 of Figure 7- 5). This homonymous 
scotoma may resemble bilateral central scotoma due to 
bilateral optic neuritis. These two cases, however, can 
be differentiated from the history of present illness, a 
precise pattern of the field defect, and results of light 
reflex. In bilateral optic neuritis, the shape of the sco-
toma may not be exactly the same in the two eyes and 
the light reflex may be absent or decreased if a light stim-
ulus is projected from the defective visual field, whereas 
the light reflex is always intact in an occipital lesion (see 
Chapter 8- 2).

Constriction of Peripheral Visual Field

Constriction of the peripheral visual field is encountered 
in lesions primarily involving the periphery of the ret-
ina. A  typical example is retinal pigment degeneration, 
which is also called retinitis pigmentosa although it is not 
an inflammatory disease. This condition is usually seen 
for both eyes. In this case, the patient complains of night 
blindness (nyctalopia). The diagnosis is confirmed by oph-
thalmoscopic observation of pigments in the periphery of 
the retina.

Constriction of the visual field may be also seen in dif-
fuse lesions of the occipital cortex. A  typical example is 
Minamata disease, which is due to organic mercury poi-
soning. Other neurologic symptoms seen in this condition 
include cerebellar ataxia, dysarthria, and sensorineural hear-
ing deficit (Hunter- Russell syndrome) (see Chapter 1- 1). 
Pathologically there is marked atrophy in the cerebellar cor-
tex and the calcarine cortex.

In a patient showing constriction of the peripheral visual 
field due to an organic lesion of the calcarine cortex, the 
visual field is expected to become increasingly wider as the 
patient moves away from the visual target. In a patient with 
a psychogenic visual field defect, however, the field defect 
does not change in its angle even if the patient moves away 
from the target. This phenomenon is called tunnel vision 
or tubular vision and is considered to be characteristic of 
psychogenic field constriction.

 

 

 



46 T h E  N E U R O L O G I C  E x A M I N A T I O N

C .   O P h T h A L M O S C O P I C  E x A M I N A T I O N 
O F   O C U L A R   F U N D U S

For the purpose of neurologic examination, it is usually suf-
ficient to examine the ocular fundus by an ophthalmoscope 
without using eye drops for dilating the pupils, but turning 
out the lights in the examining room is often valuable. In 
case the precise ophthalmoscopic findings are important, 
eye drops can be used after completing all other neurologic 
examinations, or at least after examining the pupils (see 
Chapter 8- 2).

Optic Disc

In the ophthalmoscopic examination as a part of the neu-
rologic examination, it is practical to identify the optic 
disc (optic papilla) first. At the initial stage of papill-
edema, color of the optic disc becomes more red than 
usual and the surrounding veins look enlarged. At a lit-
tle more advanced stage of papilledema, the optic disc 
appears poorly demarcated, and the ophthalmoscope can 
be focused differently between the disc and the nearby 
blood vessels, which suggests the presence of swelling in 
the optic disc. Papilledema is caused by either intracranial 
hypertension or a pathological process directly occluding 
the central retinal vein.

Pale discoloration of the optic disc is characteristic of 
optic atrophy. It is caused by either orthograde axonal 
degeneration from a primary pathology of the retina or 
retrograde axonal degeneration following a pathological 
process of the optic nerve. Optic atrophy is commonly 
found in patients with multiple sclerosis or optic neuri-
tis (retro bulbar neuritis), and this finding suggests that 
axons of the optic nerve have been involved as the result 
of retrograde degeneration. The nerve fibers originating 
from the macular region of the retina enter the optic disc 
from its temporal rim and pass through the central sec-
tion of the optic nerve. Consequently, a demyelinating 
lesion involving the central section of the optic nerve 
causes atrophy in the temporal portion of the optic disc 
as a result of retrograde degeneration (temporal pallor) 
(Figure 7- 2).

Physiological Cup of Optic Disc

The central part of optic disc looks pale due to a physiolog-
ical cup even in healthy subjects. If the optic disc is tilted 
laterally due to, for example, myopia, the physiological 
cup is seen at the temporal portion of the disc, resembling 

temporal pallor. Distinction from real temporal pallor is 
possible based on the history of myopia and correction of 
visual acuity by the use of glasses.

Fovea Centralis

The fovea can be identified by shifting the ophthalmo-
scope light laterally away from the optic disc or by ask-
ing the subject to look at the ophthalmoscope light. In 
patients with lipidosis, the surrounding area of the fovea 
looks white due to deposit of lipid, and the fovea looks 
purple- red. As this color resembles that of a cherry, it is 
called a cherry- red spot (Figure 7- 3). In this condition, 
examination of the visual field discloses a central sco-
toma, and temporal pallor is seen in the optic disc due to 
orthograde axonal degeneration of the maculopapillary 
bundle.

Retinal Pigment Degeneration

In this condition, star- shaped black spots are observed 
mainly in the equatorial (peripheral) region of retina. 
The patient complains of night blindness, and the visual 
field is constricted on the perimetric examination. Retinal 
pigment degeneration is associated with various kinds of 
neurodegenerative diseases; among others Kearns- Sayre 
syndrome (a form of mitochondrial encephalomyopa-
thy) (see Box 57), Bassen- Kornzweig disease (see Box 30), 
Refsum disease (see Chapter  3- 1), and Cockayne disease 
(see Chapter 3- 1).

Observation of Retinal Blood Vessels

In patients with hypertension, narrowed vessel diameter and 
compression of veins at arteriovenous crossings might be seen. 
In patients with diabetes mellitus, red spots might be seen in 
the arterial wall. This had been thought to be due to microan-
eurysms, but histologically these are small hemorrhages. In 
addition, attention should be paid to homogeneity of the ret-
inal color and the presence or absence of hemorrhage.
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8.

PUPILS AND ACCOMMODATION

T here are two kinds of muscles in the eyes: extraocular 
muscles, which move the ocular bulb, and intraocu-
lar muscles, which are innervated by the autonomic 

nervous system. The intraocular muscles have two func-
tions: one controls the diameter of pupils, and the other 
controls thickness of the lens (accommodation). For 
examining the ocular muscles, we can start from either 
muscle, but it is practical to examine the intraocular mus-
cles first in order to avoid overlooking them by examining 
the extraocular muscles first.

1.   NERVE INNERVATION OF  
INTRAOCULAR MUSCLES

The preganglionic fibers of the parasympathetic nerves 
innervating pupils originate from the Edinger- Westphal 
nucleus, which is situated in the midbrain tegmentum (see 
Figures 5- 1 and 7- 6). They run anteriorly in the oculomo-
tor nerve and exit the midbrain just medial to the cere-
bral peduncle (see Figure 5- 1). Then they run through the 
cavernous sinus (Figure 8- 1) and enter the orbit through 
the superior orbital fissure (Figure 8- 2) to reach the cili-
ary ganglion. The postganglionic fibers originate from the 
ciliary ganglion and innervate the pupillary sphincter (see 
Figure 7- 6). As the pupillary sphincter encircles the pupil 
in the iris, its contraction decreases the pupillary diameter 
(Figure 8- 3).

Acetylcholine is the neurotransmitter for both the pre-  
and postganglionic fibers, but the mode of transmission is 
nicotinic for the preganglionic fibers and muscarinic for 
the postganglionic fibers. When these nerve fibers are 
involved in a lesion, the pupillary diameter of the affected 
eye becomes larger compared with the contralateral pupil 
(mydriasis).

A .   L I G h T  R E F L E x  A N D  C O N V E R G E N C E   R E F L E x

There are two reflexes related to the pupil: the light reflex 
and the convergence reflex. The light reflex is manifested 
as shrinkage of the pupillary diameter in response to 
a light stimulus. Its reflex center is in the midbrain teg-
mentum with the afferent arc served by the optic nerve 
and the efferent arc served by the autonomic fibers of the 
oculomotor nerve (see Figure  7- 6). The afferent fibers 
separate from the optic tract just before they reach the lat-
eral geniculate body, and project to the pretectal nucleus 
of the midbrain bilaterally. The fibers originating from 
the pretectal nucleus project to the Edinger- Westphal 
nucleus, which is located just anteriorly. The efferent 
fibers originating from the Edinger- Westphal nucleus run 
anteriorly as a part of the oculomotor nerve and project 
to the ipsilateral ciliary ganglion, which then innervates 
the pupillary sphincter.

A light stimulus presented to one eye elicits the light 
reflex in both eyes because of partial crossing of the optic 
nerve fibers at the optic chiasm and because of projection 
of the afferent fibers from the optic tract to the pretectal 
nucleus on both sides. The light reflex elicited in the stim-
ulated eye is called the direct pupillary reaction, and the 
reflex elicited in the opposite (nonstimulated) eye is called 
the indirect or consensual pupillary reaction.

The convergence reflex is manifested as shrinkage of 
the pupillary diameter when one looks at a near object 
placed just in front of the eyes. The efferent pathway of 
this reflex is the same as that of the light reflex, but the 
afferent pathway is not precisely known. It used to be 
thought that the proprioceptive afferent impulse originat-
ing from the medial rectus muscle might serve as its affer-
ent pathway, but another theory is the near vision itself 
acts as the afferent because unilateral near vision can elicit 
this reflex. If the latter theory is correct, this reflex might 
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Figure 8- 1 Frontal section of the cavernous sinus and the position of cranial nerves that pass through the sinus. III: the third cranial nerve (oculomotor 
nerve), IV: the fourth cranial nerve (trochlear nerve), V- I: the first branch of the fifth (trigeminal) nerve, V- II: the second branch of the trigeminal nerve, 
VI: the sixth cranial nerve (abducens nerve). (Reproduced from from Haymaker, 1969, with permission)
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Figure 8- 2 Foramina and canals through which the cranial nerves pass. (a) view from inside of the cranial fossa, (b) view from the skull basis. [Figure 
(a) reproduced from Haymaker, 1969, with permission, (b) modified from Chusid & McDonald, 1964]
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more properly be called the accommodation reflex rather 
than the convergence reflex.

B .   S Y M PA T h E T I C  N E R V O U S  S Y S T E M  
A N D  h O R N E R  S Y N D R O M E

The pupils are dilated by a function of the sympathetic 
nerve fibers (Figure 8- 4). The preganglionic fibers orig-
inate from the intermediolateral nucleus at the level of 
the first thoracic segment, which is called the ciliospinal 

center of Budge. The fibers exit the spinal cord through 
the anterior root of the first thoracic nerve and enter 
the sympathetic trunk. After passing through the infe-
rior cervical ganglion (stellate ganglion) and the mid-
dle cervical ganglion, they make synaptic connection 
with the postganglionic fibers of the superior cervical 
ganglion. Then the postganglionic fibers ascend along 
with the internal carotid artery and the ophthalmic 
artery and innervate the pupillary dilator in the orbit 
(Figure 8- 3).

Pupillary dilator Pupillary sphincterCORNEA

IRIS

LENS

Ciliary muscle
Superior cervical ganglion Ciliary ganglion

Intermediolateral nucleus
(Th1 segment)

Zonules of Zinn

[SYMPATHETIC] [PARASYMPATHETIC]
Edinger-Westphal nucleus

Figure 8- 3 Schematic illustration of the nerve tracts controlling the pupil and accommodation. The iris is shown in relative large size in order to show the 
pupillary sphincter and dilator.
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Sympathetic descending tract

Postganglionic fiber

Superior
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Intermediolateral column
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Figure 8- 4 Schematic illustration of the sympathetic nervous pathway for 
controlling the pupils. Th1: the first thoracic cord.
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The neurotransmitter for the preganglionic fibers is 
acetylcholine, which acts in a nicotinic way, and that for 
the postganglionic fibers is noradrenaline. As the pupil-
lary dilator surrounds the pupil radially, its contraction 
dilates the pupil. Therefore, impairment of unilateral sym-
pathetic pathway results in the smaller pupillary diame-
ter as compared to the intact side (miosis). In a stellate 
ganglion block with an anesthetic agent that is applied 
for the treatment of pain, miosis is seen on the side of the 
block because the preganglionic fibers are blocked in the 
ganglion.

The sympathetic nerve fibers also innervate the supe-
rior tarsal muscle (Müller muscle). This muscle does not 
function in voluntary eyelid opening, but it acts to spon-
taneously maintain the elevated position of the upper 
eyelid. Therefore, impairment of those sympathetic nerve 
fibers causes drop of the upper eyelid (ptosis). In addition, 
the sympathetic nerve fibers are distributed to the mucous 
membrane of the eyes, nasal cavity, and oral cavity to 
inhibit secretion, to the facial skin to increase sweating, and 
to the arteries inside as well as outside of the cranial cavity 
to contract them.

A combination of miosis, ptosis and retraction of the 
ocular bulb (enophthalmos) constitutes Horner syn-
drome. This condition is caused by involvement of the 
sympathetic nervous system innervating that eye. In most 
cases of Horner syndrome, in addition to the above triad, 
hyperemia of the palpebral and bulbar conjunctiva and 
decreased sweating and increased temperature of the facial 
skin are seen on the affected side. In clinical practice, these 
additional symptoms/ signs often serve to confirm the 
presence of Horner syndrome. Hyperemia and skin tem-
perature elevation result from dilation of arterioles and cap-
illaries. The mechanism as to how the enophthalmos occurs 
has not been elucidated. Decreased sweating and skin tem-
perature elevation are limited to the face if the sympathetic 
nervous system is involved peripheral to the ciliospinal cen-
ter of Budge, but when the descending sympathetic tract 
is involved in the brainstem or cervical cord, the above 
symptoms/ signs are seen not just on the face but also on the 
affected side of the whole body (Figure 8- 4).

The center of the sympathetic nervous system is in the 
hypothalamus. The central sympathetic fiber tracts originat-
ing from the hypothalamus descend through the medial part 
of the brainstem tegmentum and cervical cord and project 
to the intermediolateral nucleus of the spinal cord, which 
extends from the first thoracic to the first lumbar segment. 
As described earlier, those descending fibers related to the 
pupillary control make synaptic connection at the first 

thoracic segment of the intermediolateral nucleus (ciliospi-
nal center of Budge). As the central sympathetic fibers run 
relatively deep in the brainstem and cervical cord, the pres-
ence of Horner syndrome in patients with brainstem or cer-
vical cord lesion suggests the presence of an intramedullary 
lesion. In cervical spondylosis, for example, the extramedul-
lary compression does not cause Horner syndrome unless 
the anterior root is compressed at the first thoracic segment.

In the lateral medullary syndrome of Wallenberg, which  
is caused by infarction of the posterior inferior cerebellar 
artery, Horner syndrome is a cardinal feature because the 
descending sympathetic fibers are involved in the medulla 
oblongata (Table 8- 1, see Figures  14- 1, 14-2 and  14- 3, 
Box 21).

Contrary to the above, if the sympathetic pathway 
becomes hyperactive for some reason, it is expected to cause 
mydriasis, elevation of the upper eyelid, protrusion of the 
ocular bulb (exophthalmos), anemia of the palpebral con-
junctiva, and increased sweating and decreased skin tem-
perature of the ipsilateral face. This condition is called 
Pourfour du Petit syndrome, but it is rare. In view of the 
fact that exophthalmos is also seen in patients with hyper-
thyroidism along with tachycardia and hyperhidrosis, the 
sympathetic nervous system is considered to be hyperactive 
in hyperthyroidism.

C .   A C C O M M O D A T I O N  A N D  I T S  A B N O R M A L I T Y

Accommodation is a function of the ciliary muscle, which 
is innervated by the parasympathetic fibers of the ocu-
lomotor nerve. Its action is to focus the visual image on 
the fovea by controlling the thickness of the lens. As the 
ciliary muscle surrounds the lens in a ring- like fashion, 
its contraction loosens the zonules of Zinn, which radi-
ally support the lens, and it allows the lens to increase its 
thickness due to its own elasticity (Figure 8- 3). Owing to 
this special function of the ciliary muscle, it becomes pos-
sible to clearly see a visual target placed as near as 15 cm 
in front of eyes (near point). If accommodation becomes 
hyperactive, a far object is focused in front of the fovea 
causing the nearsightedness (myopia). On the contrary, if 
the refraction becomes hypoactive, a near object is focused 
behind the fovea, causing hyperopia. Thus, involvement 
of the parasympathetic nerve fibers of the oculomotor 
nerve causes accommodation failure, and the near point 
is extended to longer than 15 cm. Thus, if a patient with 
oculomotor nerve palsy complains of visual disturbance, 
accommodation failure should also be considered as its 
possible cause.
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2.   ExAMINATION OF  INTRAOCULAR MUSCLES

First, the shape and diameter of pupils should be observed, 
paying special attention to possible asymmetry between the 
two eyes. Asymmetry of pupillary diameter is called aniso-
coria. A pathologically large pupil is called mydriasis, and a 
pathologically small pupil is called miosis. Of course, judg-
ment of this asymmetry is impossible in a condition in which 
any eye- drop such as pupillary dilator has been applied. 
Furthermore, if the patient underwent any ophthalmological 
surgery in the past, the pupil might look irregular in shape.

In general, pupils tend to be small in the aged popu-
lation. In that case, it is useful to examine the pupils in a 
dark room in order to dilate the pupils as much as possible. 
Normal pupils are usually round and isocoric, meaning the 
same diameter. When the iris looks dark as in some races, 
the pupils can be better observed by lighting the eyes from 

either side. Projection of the light from the front should be 
avoided, because it changes the pupillary diameter as the 
result of light reflex.

A .   O C U L O M O T O R  N E R V E  PA L S Y  
A N D  h O R N E R  S Y N D R O M E

If a pupil is extremely large or extremely small as compared 
with the other side, the pupil of that side is likely abnormal. 
Sometimes, however, it might be difficult to judge which 
side is abnormal. If there is any asymmetry in the level of 
the upper eyelid, then it helps determining the abnormal 
side. If there is ptosis in one eye, that side is often abnor-
mal. If the pupil is larger in the eye with ptosis, it is likely to 
be oculomotor nerve palsy. In this case, the light reflex and 
convergence reflex are often lost, insufficient, or sluggish on 
the affected side.

TABLE 8-  1  SYNDROME CAUSED BY LOCALIZED LESION OF ThE BRAINSTEM

Symptoms/ Signs

Syndrome Ipsilateral Contralateral Sites of Lesion

[CROSSED]

Weber* III nerve palsy Hemiplegia Cerebral peduncle

Claude* III nerve palsy Motor ataxia Midbrain medial tegmentum,
red nucleus

Benedikt III nerve palsy Hemiplegia, tremor,
involuntary movement

Midbrain medial basis, red
nucleus, substantia nigra

Millard- Gubler* Facial nerve palsy Hemiplegia Caudal pons lateral basis

Foville* Facial nerve palsy
Conjugate gaze palsy

Hemiplegia Caudal pons basis, paramedian
tegmentum

Raymond- Cestan INO Dysesthesia, motor
ataxia, hemiplegia

Rostral pons tegmentum

Wallenberg Horner, facial nociceptive
sensory loss,
vertigo, dysphagia,
motor ataxia

Nociceptive sensory loss
below neck

Lateral medullary tegmentum

Cestan- Chenais Horner, facial nociceptive
sensory loss,
dysphagia

Nociceptive sensory loss
below neck, hemiplegia

Lateral medulla

Babinski- Nageotte* Horner, facial nociceptive
sensory loss,
vertigo, dysphagia,
motor ataxia

Nociceptive sensory loss
below neck, hemiplegia

Unilateral medulla except for
medial lemniscus and hypoglossal
nucleus

[UNCROSSED]

Parinaud* Vertical gaze palsy, convergence palsy Rostral midbrain- thalamus

III nerve: oculomotor nerve, INO: internuclear ophthalmoplegia

* Original reports are listed in the bibliography at the end of this chapter.
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By contrast, if the pupil is smaller in the eye with pto-
sis, it is most likely to be Horner syndrome and suggests 
involvement of the sympathetic nerve fibers on that side. As 
the tarsal levator muscle is not a skeletal muscle, ptosis due 
to impairment of the sympathetic nerve fibers is milder in 
its degree as compared with paralysis of the levator muscle 
of the upper eyelids due to impairment of the oculomotor 
nerve fibers. As described above, the accompanying symp-
toms/ signs such as enophthalmos, conjunctival hyper-
emia, and decreased sweating and elevated temperature of 
the facial skin support the diagnosis of Horner syndrome. 
Among these signs, enophthalmos, though it is one of the 
triad of Horner syndrome, is sometimes difficult to con-
firm. In that case, other accompanying signs might help 
making the diagnosis.

Horner syndrome is often congenital due to a traumatic 
injury of the sympathetic tract in the neck. Anisocoria due 
to unilateral miosis is sometimes difficult to detect in a 
bright room, because both pupils react to the light stimu-
lus. In that case, it is useful to examine the patient in a dark 
room, where the intact pupil dilates more than the affected 
pupil, making the anisocoria more easily detectable.

B .   E x A M I N A T I O N  O F   T h E  L I G h T  R E F L E x  
A N D  I T S  A B N O R M A L I T Y

With the eyes kept open, the examiner projects a penlight 
to either eye and observes the reaction of both pupils simul-
taneously. In order to avoid overlap of the convergence 
reflex, the light should be projected to the eye obliquely 
from the temporal side instead of projecting straight from 
the front.

If the light reflex is absent or decreased in the stimu-
lated eye (direct reaction absent) while it is present in the 
opposite (nonstimulated) eye (indirect reaction present), 
it suggests impairment of the efferent pathway, namely 
the midbrain or oculomotor nerve, of the stimulated eye 
(Figure 8- 5, see also Figure  7- 6). By contrast, if the light 
reflex is absent or decreased in the nonstimulated eye (indi-
rect reaction absent) while it is present in the stimulated 
eye (direct reaction present), it suggests impairment of the 
efferent pathway of the nonstimulated eye. In other words, 
if the light reflex is absent in one eye regardless of the side 
of stimulation, it suggests impairment of the efferent path-
way of that eye. By contrast, if the light reflex is absent in 
both eyes (both direct and indirect reactions absent), it 
suggests either the visual impairment (afferent pathway) of 
the stimulated eye or bilateral impairment of the efferent 
pathway. For example, if the light reflex in response to the 

right eye stimulation is absent in both eyes, it suggests either 
the visual loss of the right eye or bilateral impairment of the 
autonomic fibers of the oculomotor nerves.

If visual loss is limited to one eye, the light stimulation 
of the other (intact) eye will elicit the light reflex in both 
eyes. In this case, if the light stimulus is shifted from the 
normal eye to the blind eye, it is expected to lead to pupil-
lary dilation in both eyes, and this phenomenon can be 
repeated by shifting the light stimulus between the two 
eyes. As this phenomenon is paradoxical to the ordinary 
reaction, it is called paradoxical pupillary reaction. This 
paradoxical reaction is often encountered in patients with 
multiple sclerosis or optic (retrobulbar) neuritis. This phe-
nomenon is called Marcus Gunn pupil, while Marcus Gunn 
is also attached to jaw- winking as a Marcus Gunn phenom-
enon (see Box 14).

Bilateral loss of the light reflex is an important finding 
for the diagnosis of brain death (see Chapter 29- 5C). In 
relation to this, in a patient lying supine in a bright room 
such as an intensive care unit (ICU), the pupils might 
already be constricted to the room light before testing. 
In that case, a very bright light stimulus might be needed 
to elicit the remaining reflex. An alternative practical way 
would to test the light reflex immediately after opening 
the eyelids or to test the reflex after darkening the room. 
As a comatose patient usually lies supine in a bright 
room, the above caution is important in order to avoid 
misjudgment.

Light stimulus

Normal+ +

– +

+ –

– –

Lesion of the ipsilateral III

Lesion of the contralateral III

Ipsilateral visual disturbance 
or bilateral lesion of III

Figure 8- 5 Presence (+) or absence (− ) of the light reflex and 
its interpretation. Ipsilateral: ipsilateral to the light stimulus, 
contralateral: contralateral to the light stimulus, III: oculomotor nerve.
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C .   S P E C I A L  A B N O R M A L  F I N D I N G S  O F   P U P I L S

A condition in which the light reflex is lost or decreased in 
spite of normal vision while the convergence reflex is pre-
served is called Argyll Robertson pupil. In this condition, 
the pupillary diameter is relatively small. This pupil is seen 
in patients with neurosyphilis, especially with tabes dorsa-
lis, but it is also seen in diabetic impairment of the auto-
nomic nervous system.

Pupillotonia is characterized by marked mydriasis in 
which the light reflex is extremely slow, and continuous 
exposure to the light stimulus in a dark room will shrink 
the pupil extremely slowly. Then, if the patient is placed in a 
very dark room immediately afterward, the pupil will dilate 
again very slowly. It is, therefore, believed that, in this con-
dition, both the pupillary sphincter and dilator muscles are 
in a tonic state so that they contract only with extreme slow-
ness. In this condition, the convergence reflex is relatively 
better preserved than the light reflex.

A typical example of pupillotonia is seen in Adie syn-
drome, which is usually accompanied by loss of the Achilles 
tendon reflex. Pupillotonia associated with segmental anhi-
drosis and loss of tendon reflexes is called Ross syndrome. 
In most cases of pupillotonia, the affected pupil overreacts 
to eye drops of a cholinesterase inhibitor causing extreme 
miosis, which is supposed to be due to hypersensitivity of 
synaptic receptors of the postganglionic fibers. A  similar 
condition is seen following a lesion of the postganglionic 
fibers and is explained as denervation supersensitivity. 
Pupils may display small amplitude fluctuations in size 
under constant illumination. This phenomenon is called 
hippus, but its clinical significance has not been clarified.

D.   E x A M I N A T I O N  O F   T h E  C O N V E R G E N C E   R E F L E x

Convergence reflex is tested by moving a visual target 
toward the nasion with both eyes kept open or by asking the 
subject to look at a near object. The reaction is judged in 

the same way as for the light reflex. If the reaction is absent 
or decreased in one eye, it suggests impairment of the auto-
nomic fibers of the oculomotor nerve. As the light reflex 
can be tested and judged more easily than the convergence 
reflex, the latter is often used as supplementary to the light 
reflex.

E .   E x A M I N A T I O N  O F   A C C O M M O D A T I O N

As described earlier, accommodation is a function of the cil-
iary muscle to control refraction by changing the thickness 
of the lens. It is tested by measuring the near point while 
moving a visual target toward each eye. The near point in 
healthy subjects is usually 15 cm. In accommodation fail-
ure, the near point becomes longer. In other words, the sub-
ject cannot see clearly an object placed 15 cm or further in 
front of eye. This may be one of the reasons for complaints 
of visual disturbance by patients with disorders of the auto-
nomic nervous system.
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9.

ExTRAOCULAR MUSCLES, GAZE, AND EYE MOVEMENTS

1.  NERVE INNERVATION  
OF ExTRAOCULAR MUSCLES

There are six extraocular muscles attached to each eye-
ball: medial rectus, lateral rectus, superior rectus, inferior 
rectus, superior oblique, and inferior oblique (Figure 9- 1a).  
Contraction of the medial rectus and lateral rectus mus-
cles rotates the eyeball medially and laterally, respectively. 
The exact action of the other four muscles depends on the 
position of eye (Figure 9- 1b). The superior and inferior 
rectus muscles are attached to the top and the bottom, 
respectively, of the anterior hemisphere of the eyeball, 
and act most efficiently when the eye is slightly abducted. 
Therefore, contraction of the superior rectus muscle 
rotates the eyeball upward diagonally in the lateral direc-
tion, and contraction of the inferior rectus muscle rotates 
the eyeball downward diagonally in the lateral direction. 
The superior and inferior oblique muscles are attached 
to the top and the bottom, respectively, of the posterior 
hemisphere of the eyeball, and act most efficiently when 
the eye is slightly adducted. Furthermore, the direction 
of muscle power for these two muscles is reversed by a 
hook (trochlea), which is attached to the upper and lower 
medial wall, respectively, of the orbit. Therefore, contrac-
tion of the superior and inferior oblique muscles rotates 
the eyeball downward and upward, respectively, diago-
nally in the medial direction (Figure 9- 1b).

Thus, simultaneous contraction of the superior rectus 
and inferior oblique muscle rotates the eyeball upward, 
and simultaneous contraction of the inferior rectus and 
superior oblique muscle rotates the eyeball downward. 
Among these six extraocular muscles, the medial rec-
tus, superior rectus, inferior rectus, and inferior oblique 
muscles are innervated by the oculomotor nerve. The 
superior oblique muscle is innervated by the trochlear 
nerve, and the lateral rectus muscle is innervated by the 
abducens nerve.

A .   T h I R D  C R A N I A L  N E R V E 
( O C U L O M O T O R   N E R V E )

As just described, the oculomotor nerve innervates four 
extraocular muscles:  medial rectus, superior rectus, infe-
rior rectus, and inferior oblique. Therefore, when the ocu-
lomotor nerve is involved by a lesion, medial rotation and 
upward rotation of the eyeball are paralyzed, but its lateral 
rotation is preserved. Downward rotation is partially pos-
sible because the superior oblique muscle is spared. The 
oculomotor nucleus is located in the midbrain at the level 
of superior colliculus, in front of the periaqueductal gray 
substance and just medial to the medial longitudinal fas-
ciculus (MLF) (see Figure 5- 1). The oculomotor nucleus 
is formed from four groups of neurons, one innervating 
each extraocular muscle, and a fifth group innervating the 
levator muscle of the upper eyelid. Within the oculomotor  
nucleus, there is some topographic arrangement of those 
neuronal groups in terms of functions. For example, the 
neuronal groups related to the upward rotation of the eye-
ball (superior rectus, inferior oblique, and levator muscle 
of the upper eyelid) are located close to each other.

Motor fibers originating from the oculomotor nucleus, 
together with the autonomic fibers originating from the 
Edinger- Westphal nucleus, run anteriorly through the 
medial part of the red nucleus, and exit from the midbrain 
just medial to the cerebral peduncle (see Figure 5- 1). As 
the fibers of the oculomotor nerve are relatively spread 
apart within the midbrain parenchyma, an intramedullary 
lesion may affect some fiber groups selectively. In this case, 
therefore, weakness of the extraocular muscles might be 
different in its degree among muscles. As the fiber groups 
assemble to form a small bundle at the exit from the mid-
brain, the closer the lesion is to the anterior rim of the 
midbrain, the more muscles are equally paralyzed to pro-
duce complete oculomotor nerve palsy, as seen in Weber 
syndrome (Figure 9- 2).
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Intramedullary Lesion of the Oculomotor Nerve  
and Crossed Hemiplegia

As the oculomotor nerve passes just medial to the red 
nucleus, its lesion there might have an associated ataxia of 
the contralateral extremities in addition to the ipsilateral 
oculomotor nerve palsy (Claude syndrome) (Figure 9- 2, 
see Table 8- 1). In this case, the ataxia is caused by a lesion 
of the superior cerebellar peduncle, which originates from 
the contralateral dentate nucleus of cerebellum and crosses 
before reaching the red nucleus (see Chapter  16- 2C). 
Claude in 1912 reported a 56- year- old man who presented 

with complete paralysis of the right oculomotor nerve and 
probably also paralysis of the trochlear nerve associated 
with ataxia of the left extremities (Claude, 1912). Later the 
autopsy findings of that case were reported, which showed 
a small infarction at the right midbrain involving the ocu-
lomotor nerve, the rostral part of the superior cerebellar 
peduncle, the medial part of the red nucleus, and the MLF 
(Claude & Loyez, 1912). Following this case report, a com-
bination of oculomotor nerve palsy and the contralateral 
cerebellar ataxia was called Claude syndrome, but it is esti-
mated from the original report that there might have also 

Medial wall of orbit
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Medial rectusLateral
rectus

Superior
rectus

Superior oblique

Superior rectus

 Lateral rectus

Medial rectus

    [Lateral rotation] [Primary position] [Medial rotation]

Trochlea

a b

Figure 9- 1 Structure of extraocular muscles (a) and direction of action of each muscle shown by arrows (b). View of the left eye from above. The superior 
rectus muscle rotates the ocular bulb upward in its laterally rotated position, and the superior oblique muscle rotates the ocular bulb downward in its 
medially rotated position. At the base of the ocular bulb, the inferior rectus muscle and the inferior oblique muscle function according to the same 
principle.

Claude

WeberBenedikt III

Figure 9- 2 Crossed syndrome due to localized lesion of the midbrain. III: oculomotor nerve.
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been internuclear ophthalmoplegia (INO) due to involve-
ment of the MLF, although it must have been impossible to 
clinically confirm INO because of the presence of complete 
oculomotor nerve palsy.

It is noteworthy that Guillain commented to Claude’s 
report based on his own research that, following a lesion of 
the red nucleus, retrograde degeneration could occur in the 
superior cerebellar peduncle down to the dentate nucleus of 
cerebellum (Claude & Loyez, 1912).

A condition in which oculomotor nerve palsy is associ-
ated with contralateral tremulous involuntary movements 
and hemiplegia or pyramidal signs is called Benedikt 
syndrome. In this condition, the lesion also involves the 
substantia nigra and cerebral peduncle (Figure 9- 2, see 
Table 8- 1) (Liu et al, 1992). A lesion at the site of exit of 
the oculomotor nerve from the midbrain causes ipsilateral 
oculomotor nerve palsy and contralateral hemiplegia or 
pyramidal signs (Weber syndrome) (Figure 9- 2, Box 10). 
Weber syndrome is caused by a vascular lesion of the mid-
brain basis, but it is also seen in an extramedullary lesion 
compressing the midbrain from anteriorly.

The above- described conditions manifesting a cranial 
nerve lesion associated with contralateral hemiplegia used 
to be called alternate hemiplegia or alternating hemiplegia. 
However, as “alternate” and “alternating” is more commonly 
used in a temporal meaning than in a spatial meaning, 
“crossed hemiplegia” might be a more appropriate termi-
nology for these conditions (Liu et  al, 1992, for review). 
Hemiplegia encountered in crossed hemiplegia is not neces-
sarily severe in its degree, and it may be just a positive Babinski 
sign due to mild impairment of the corticospinal tract.

It is known in animals that the nerve fibers innervating 
the superior rectus muscle cross at the level of the oculo-
motor nucleus and join the contralateral oculomotor nerve, 
and that the levator muscle of the upper eyelid is bilater-
ally innervated (Bienfang, 1975). In relation to this, some 
human cases with small infarctions in the midbrain teg-
mentum have been reported to manifest the isolated paral-
ysis of the contralateral superior rectus muscle (Kwon et al, 
2003; Tsukamoto et al, 2005).

Extramedullary Lesion of the Oculomotor Nerve

After exiting from the midbrain, the oculomotor nerve 
passes between the posterior cerebral artery and the supe-
rior cerebellar artery (Figure 9- 3), then passes through the 
upper part of the cavernous sinus (see Figure 8- 1), enters the 
orbit through the superior orbital fissure (see Figure 8- 2a),  
and sends its branches to the four extraocular muscles and 

the levator muscle of the upper eyelid. Impairment of the 
oculomotor nerve is an important sign in tentorial herni-
ation (see Chapter  29- 5C). In this case, the oculomotor 
nerve is believed to be entrapped between the posterior 
cerebral artery and the superior cerebellar artery as a result 
of supratentorial compression rather than being involved 
intramedullary in the midbrain.

Cavernous Sinus Syndrome

As the oculomotor nerve passes through the cavern-
ous sinus, it is easily impaired by inflammation of the 

BOX 10 WEBER SYNDROME

Weber of England in 1863 reported a male patient who 

suddenly developed right hemiplegia, left oculomotor nerve 

palsy, and short- lasting disturbance of consciousness and 

died of pneumonia two months later. The hemiplegia was 

complete, involving the orbicularis oris muscle and tongue. 

The oculomotor nerve palsy also involved the pupil and ac-

commodation. The hemiplegia slightly improved and became 

spastic, but the oculomotor nerve palsy remained complete. 

At autopsy, a hematoma 15 mm long and 6.3 mm wide was 

found in the medial inferior part of the left cerebral pedun-

cle. The corticospinal tract was markedly damaged, and 

the oculomotor nerve fibers were totally destroyed (Weber, 

1863). The patient also complained of warm sensation in 

the right half of the body, and two- point discrimination was 

decreased in the right extremities. In this report, Weber cited 

three other reported cases with similar pathology. Andral in 

1834 reported a 60- year- old woman who suddenly developed 

right hemiplegia. At autopsy, a cavity of cherry size filled with 

green fluid was found in the left cerebral peduncle. There 

was no oculomotor palsy in that case, and the lesion involved 

the middle portion of the cerebral peduncle, sparing the me-

dial part. The second case was briefly reported by Hennis 

Green and was a girl of 3 and half years who presented with 

left hemiplegia and right ophthalmoplegia due to a tubercu-

loma in the right cerebral peduncle. The third case was re-

ported by Stiebel of Frankfurt and was an 11- year- old girl who 

developed severe headache in the left forehead. At autopsy, 

a large abscess was found in the inferior portion of the left 

cerebral peduncle, but the neurologic deficit consisted of left 

mydriasis and transient weakness of the left orbicularis oris 

muscle. Weber concluded that the symptoms/ signs due to 

a lesion of the cerebral peduncle differ depending on which 

part of the peduncle is affected.
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cavernous sinus, either by an autoimmune mechanism 
or as a result of infectious diseases. As it is often asso-
ciated with severe ocular pain, this condition is called 
painful ophthalmoplegia (Tolosa- Hunt syndrome). 
Similar symptoms/ signs can be seen in the orbital apex 
syndrome, which is due to inflammation or tumor 
of the orbital apex and is characterized by exophthal-
mos and palpebral swelling in addition to painful 
ophthalmoplegia.

B .   F O U R T h  C R A N I A L  N E R V E  ( T R O C h L E A R   N E R V E )

The nucleus of the trochlear nerve is located in the caudal 
midbrain at the level of the inferior colliculus just poste-
rior to the MLF. From there the fibers run medioposteri-
orly, cross at the anterior medullary velum, and exit from 
the contralateral midbrain through its posterior rim. Then 
the fibers run anteriorly, pass through the cavernous sinus, 
and enter the orbit through the superior orbital fissure (see 
Figures  8- 1 and 8- 2a). This is the only cranial nerve that 
crosses in the brainstem, except for the fibers of the ocu-
lomotor nerve innervating the superior rectus muscle, but 
it is extremely rare for this nerve to be solely affected by an 
intramedullary lesion.

C .   S I x T h  C R A N I A L  N E R V E  ( A B D U C E N S   N E R V E )

The nucleus of the abducens nerve is located near the 
anteri or wall of the fourth ventricle. Its nerve fibers run 
anteriorly through the medial pons and exit from the pons 
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Figure 9- 3 Spatial relationship between arteries at the base of the brainstem and cranial 
nerves. (Modified from Chusid & McDonald, 1964)

BOX 11 TOP OF ThE BASILAR ARTERY SYNDROME

A number of branches originate from the distal part of the basi-

lar artery (Figure 9- 3). Therefore, infarction or embolism involving 

the top of the basilar artery causes ischemic lesions in multi-

ple structures such as the thalamus, the midbrain, the cerebel-

lum, and the mesial part of the temporal and occipital lobes, 

and, depending on the anatomy, there can be a variety of clin-

ical symptomatology. These symptoms/ signs include bilateral 

ptosis, extraocular muscle palsy, internuclear ophthalmoplegia, 

pupillary abnormalities, motor disturbance, impairment of con-

sciousness, confusion, visual field defect, and cerebellar ataxia. 

The symptom complex is sometimes called “top of the basilar ar-

tery syndrome,” but there are no strict criteria for this diagnosis. 

In some cases of this syndrome, generalized convulsion as the 

initial symptom or locked- in syndrome has been reported. The 

diagnosis can be confirmed by magnetic resonance angiography.
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through the corticospinal tract (see Figure 5- 2). Then the 
nerve fibers pass between the internal auditory artery and 
the anterior inferior cerebellar artery (Figure 9- 3) and 
through the cavernous sinus, and enter the orbit through 
the superior orbital fissure to innervate the lateral rectus 
muscle (see Figures  8- 1 and 8- 2a). If the abducens nerve 
is involved together with the corticospinal tract by either 
an intramedullary lesion or extramedullary compression, 
an abducens palsy and spastic paralysis of the contralat-
eral extremities are simultaneously seen (abducens crossed 
hemiplegia). This condition, like Weber syndrome, is a rep-
resentative case of crossed hemiplegia.

The abducens nerve runs in the cranial cavity a long er 
distance than any other cranial nerve, extending from 
the posterior cranial fossa along the clivus to the orbit. 
Therefore, in a state of intracranial hypertension, this 
nerve tends to be impaired either unilaterally or bilater-
ally, though to a relatively mild degree. As this is not due 
to direct compression of the nerve by a mass lesion, this cir-
cumstance belongs to the false localizing signs.

As is described later (see Chapter  11- 1A), the facial 
nerve first runs posteriorly from its nucleus, turns around 
the abducens nucleus, and exits from the lateral rim of the 
pons. Thus, the abducens nerve and the facial nerve are very 
close together at the pontine tegmentum, but once they 
exit from the pons, they do not meet again (see Figure 5- 2).  
Therefore, when these two nerves are simultaneously 
affected, it suggests the presence of an intramedullary lesion 
in the pontine tegmentum. However, it has to be kept in 
mind that the above two nerves may still be affected simul-
taneously by an inflammatory process outside of the brain-
stem, as seen in multiple cranial neuritis.

2.   NEURAL CONTROL MEChANISM OF GAZE

Voluntary movement of both eyes either horizontally or 
vertically is called gaze. This important mechanism is con-
trolled by elaborate central networks.

A .   C E N T R A L  C O N T R O L  M E C h A N I S M  O F   G A Z E

The main cortical gaze centers are located in the frontal 
lobe. The frontal eye field (FEF) is located at the lateral 
frontal convexity just anterior to the face/ hand area of the 
primary motor cortex, and the supplementary eye field 
(SEF) is located in the mesial frontal cortex just ante-
rior and superior to the supplementary motor area proper 
(SMA proper) (see Figure  11- 3). Visual information is 

transferred from the posterior parietal cortex (area 7) to the 
FEF. The nerve fibers originating from FEF and SEF pass 
through the corona radiata and the centrum semiovale of 
the cerebral hemisphere, cross at the upper brainstem, and 
project to the paramedian pontine reticular formation 
(PPRF), which serves as the lateral gaze center (Figure 9- 
4). Physiologically, there are saccadic burst neurons in the 
PPRF. The nerve fibers originating from the PPRF project 
to the ipsilateral abducens nucleus, in which two different 
groups of neurons are present. The nerve fibers originating 
from one group form the abducens nerve and pass through 
the medial part of pons anteriorly, and those originating 
from another group of neurons (internuclear neurons) 
cross at the same level to form the MLF. The MLF ascends 
through the medial part of the pontine tegmentum and 
projects to the ventral nucleus of the oculomotor nucleus, 
which innervates the medial rectus muscle. Thus, activation 
of PPRF causes contraction of the ipsilateral lateral rectus 
muscle and the contralateral medial rectus muscle simulta-
neously, resulting in the lateral gaze to the side ipsilateral 
to the PPRF or contralateral to the cortical gaze center 
(Figure 9- 4).
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oculomotor nerve
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Figure 9- 4 Schematic illustration of the nerve pathway to explain 
the lateral gaze and internuclear ophthalmoplegia. III: oculomotor 
nerve, VI: abducens nerve, MLF: medial longitudinal fasciculus, 
PPRF: paramedian pontine reticular formation.
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B .   L A T E R A L  G A Z E  A N D  L A T E R A L  G A Z E   PA L S Y

A unilateral lesion of the frontal lobe may cause disturbance 
of lateral gaze to the other side. This condition may not nec-
essarily present with gaze palsy, but it may just slow down 
the saccadic movement to the contralateral side. If con-
sciousness of the patient is disturbed in this condition, the 
eyes are often deviated toward the side of the lesion due to 
the preserved activity of the contralateral eye fields (conju-
gate deviation of eyes).

A similar phenomenon can also be seen in a parieto- 
occipital lesion, but in this case the head may be also rotated 
toward the side of the lesion. This condition is also seen 
in patients with some disturbance of consciousness, most 
likely because visual attention is intact toward the side of 
the lesion and impaired toward the side contralateral to the 
lesion. It is not completely clear why the conjugate devi-
ation of eyes is more common in a state of impaired con-
sciousness, but it is conceivable that, in conscious patients, 
visual attention can compensate for the tendency to deviate 
by intact visual attention.

In the acute phase of thalamic hemorrhage, eyes are often 
deviated toward the contralateral side. This is considered to 
be a positive symptom (see Chapter 1- 1), and the direction 
of deviation may be reversed later during the clinical course.

As expected from Figure 9- 4, a unilateral lesion of the 
pontine tegmentum causes lateral gaze palsy to the side of 
the lesion, and the eyes tend to be deviated to the contra-
lateral side. Contrary to the conjugate deviation due to a 
hemispheric lesion, conjugate deviation due to a pontine 
lesion can be also seen in patients with intact consciousness.

When the lateral gaze center of the pons (PPRF) is 
involved by a lesion, the lesion commonly involves the ipsi-
lateral MLF as well. In this condition, lateral gaze may not 
be conjugate (meaning that the two eyes are not paralyzed 
to the same degree). In a lesion of the right pontine tegmen-
tum, for example, the left eye is deviated to the left whereas 
the right eye is not deviated at all or is deviated just a little 
to the left because of the associated lesion of the right MLF.

Lateral gaze palsy due to a PPRF lesion varies in its 
severity depending on the nature and degree of the lesion. It 
could be complete lateral gaze palsy, but in case of relatively 
mild impairment or during recovery from an acute phase, 
it may just show incomplete lateral gaze palsy or it may just 
decrease the speed of the lateral gaze.

C .   V E R T I C A L  G A Z E  A N D  V E R T I C A L  G A Z E   PA L S Y

In contrast with the lateral gaze center, which is in the pons, 
the vertical gaze center is located in the midbrain. The 

rostral interstitial nucleus of MLF plays a main role in the 
control of vertical gaze, but the interstitial nucleus of Cajal 
is also known to participate. Like the lateral gaze center, sac-
cadic burst neurons exist in these gaze centers. These struc-
tures are believed to receive input from the frontal eye field, 
vestibular nucleus, and superior colliculus, but the distinc-
tion of upward and downward gaze is not clearly known.

Compression of the quadrigeminal body by a pineal 
tumor, for example, causes vertical gaze palsy and con-
vergence palsy. A  combination of vertical gaze palsy and 
convergence palsy is called Parinaud syndrome. This con-
dition is often associated with pupillary abnormalities and 
up- beat nystagmus. The gaze palsy seen in Parinaud syn-
drome may be solely upward or solely downward, or may be 
in both directions (Parinaud, 1886). In four autopsied cases 
with Parinaud syndrome studied by Pierrot- Deseilligny, 
infarction was commonly found in the border zone area 
between the midbrain and the thalamus, involving the ros-
tral interstitial nucleus of the MLF and its efferent fibers 
(Pierrot- Deseilligny et al, 1982). In this case, the oculoce-
phalic reflex or doll’s eye sign (see 5- C of this chapter) is 
usually preserved.

Progressive supranuclear palsy (PSP, Steele- 
Richardson- Olszewski syndrome) is characterized by ver-
tical gaze palsy, especially downward gaze palsy, in which 
the oculocephalic reflex is preserved. In this condition, the 
superior colliculus is pathologically affected, and demon-
stration of its atrophy on MRI serves as one of its diagnostic 
criteria.

Vertical supranuclear palsy is seen in children with 
neurolipidosis, especially Niemann- Pick disease type C  
(ophthalmoplegic lipidosis).

D.   C O N V E R G E N C E  A N D  C O N V E R G E N C E   PA L S Y

In order to see a near object, convergence is produced by 
bilateral contraction of the medial rectus muscles. The 
convergence center is called the Perlia nucleus, which is 
located in the midbrain. Diagnosis of convergence palsy 
is only possible when the medial rectus muscles are not 
paralyzed. However, as the Perlia nucleus is located near 
the oculomotor nucleus, the two nuclei are commonly 
affected by the same lesion. In this case, it is difficult to 
confirm the presence of convergence palsy. When exam-
ining the aged population, it should be kept in mind that 
convergence and vertical gaze tend to be incomplete even 
in healthy subjects.

In order to see a far object, the lateral rectus muscles con-
tract bilaterally. This is called divergence. If double vision 
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is a complaint when looking at a far object, it may be due 
to bilateral paralysis of lateral rectus muscles or divergence 
palsy, and the distinction between the two conditions is 
sometimes difficult. If the lateral rectus muscle is paralyzed, 
it is expected to worsen double vision when looking later-
ally toward the impaired side whereas, in divergence palsy, 
double vision is expected to disappear or decrease when 
looking toward either side.

3.   MEDIAL LONGITUDINAL FASCICULUS  
AND INTERNUCLEAR OPhThALMOPLEGIA

As the MLF connects the abducens nucleus with the con-
tralateral oculomotor nucleus (Figure 9- 4), its interruption 
causes disconjugate lateral gaze palsy to the contralat-
eral side. Namely, the contralateral eye can be abducted 
but the ipsilateral eye cannot be adducted (internuclear 
ophthalmoplegia, INO). In this case, horizontal nys-
tagmus is seen on lateral gaze to the side contralateral to 
the lesion with the rapid phase directed toward the side 
of gaze. Characteristically, this nystagmus is seen solely or 
predominantly in the abducting eye (dissociated nystag-
mus). As the same phenomena can be seen in patients with 
horizontal nystagmus associated with oculomotor nerve 
palsy, it has to be proved that the medial rectus muscle is 
intact before making the diagnosis of INO. In this case, 
the presence of convergence is used for proving that it is 
intact. Thus, the diagnostic criteria for INO is composed 
of (1) impairment of adduction of the eye ipsilateral to the 
lesion, (2) dissociated nystagmus, and (3) relative preserva-
tion of convergence.

Since the MLF lies close to the midline in the brain-
stem, demonstration of an INO always suggests the pres-
ence of an intramedullary lesion. When the MLF is only 
mildly affected or during the recovery phase from an acute 
phase, the adduction of the ipsilateral eye may appear nor-
mal, and instead only the dissociated nystagmus might be 
seen. In that case, careful observation of the lateral saccade 
toward the side contralateral to the lesion might disclose 
slower speed of the adducting eye as compared with the 
speed of the abducting eye. INO is commonly seen in isch-
emic vascular disease or multiple sclerosis. The most com-
mon cause of bilateral INO in young subjects is multiple 
sclerosis.

In a unilateral lesion of the pontine tegmentum involv-
ing both the PPRF and the MLF, the lateral gaze to the side 
ipsilateral to the lesion is impaired while the lateral gaze to 
the contralateral side shows INO. In this condition, there-
fore, the eye ipsilateral to the lesion does not move to either 
side while the contralateral eye moves only laterally but not 
medially. Thus, this condition is called the one- and- a- half 
syndrome (Figure 9- 5).

4.   CENTRAL CONTROL MEChANISM  
OF EYE MOVEMENTS

Eye movements are categorized into two kinds:  saccadic 
eye movement (saccades) and smooth pursuit eye move-
ment (smooth pursuit). Saccades occur when the eyes 
rapidly shift their fixation from one visual target to the 
other, and smooth pursuit occurs when the eyes pursue a 
smoothly moving visual target. For these two, the final 

Primary position Internuclear ophthalmoplegia

Dissociated nystagmus

    Lateral gaze palsy

R L

Convergence

Figure 9- 5 Schematic illustration to show the one- and- a- half syndrome. In this case, the lesion is in the right pontine tegmentum. Right lateral gaze is 
paralyzed due to the lesion of the right PPRF, and internuclear palsy is seen on the left lateral gaze due to the lesion of the right MLF. Convergence is 
normal. R: right, L: left. Single arrows indicate the direction of gaze.
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common pathway from the brainstem nuclei to the extraoc-
ular muscles is the same, but the central control mechanism 
is different.

A .   C E N T R A L  C O N T R O L  M E C h A N I S M 
O F   S A C C A D E S

Physiologically, saccades are grouped into two kinds, mem-
ory guided and visually guided. Memory- guided saccades 
(MGS) are generated when a subject is requested to look at 
a visual target after it has been removed. Visually guided 
saccades (VGS) are generated by asking a subject to look at 
a visual target. Thus the MGS is more voluntary while the 
VGS is more reflexive if done immediately upon presenta-
tion of the visual stimulus. Results of experimental studies 
in monkeys, clinical observations in patients, and neuroim-
aging studies in healthy subjects all indicate that MGS is 
mainly controlled by the frontal cortex including the SEF, 
FEF, dorsolateral prefrontal cortex, and anterior cingulate, 
and that VGS is mainly controlled by the posterior parietal 
cortex (Girard & Berthoz, 2005, for review; Ramat et  al, 
2007) (Figure 9- 6).

It is believed that the nerve fibers originating from the 
frontal cortex project directly to the saccadic burst neurons 

in the gaze centers of midbrain and pons, but there is also 
a role of the superior colliculus in the control of saccades 
(Figure 9- 6) (Girard & Berthoz, 2005, for review; Ramat 
et al, 2007; Terao et al, 2011). In the superior colliculus, a 
group of neurons is retinotopically organized and related to 
visual function, and another group of neurons is engaged 
in motor control. The superior colliculus receives input 
directly from the frontal and parietal cortices and the stri-
atum, and its output projects to the saccadic burst neurons 
in the gaze centers and to the cerebellum. However, as an 
experimental lesion of the superior colliculus in animals 
does not alter the amplitude of saccades or smooth pursuit, 
it is believed that the superior colliculus is not a direct relay 
center from the cortex to the burst neurons but it controls 
selection of visual target and initiation and speed of eye 
movements (Ramat et al, 2007).

B .   C E N T R A L  C O N T R O L  M E C h A N I S M  
O F   S M O O T h  P U R S U I T

There is some overlap of the central control system of 
smooth pursuit with that of the above described VGS, 
but area V5, which corresponds to the middle temporal 
visual area (MT) and the medial superior temporal visual 

Memory guided

Dorsolateral prefrontal
SEF
FEF
Anterior cingulate

Visually guided

Posterior parietal

Superior colliculusBasal ganglia Cerebellum

Brainstem motor nucleus (III, IV, VI)

Saccadic burst neurons
(excitatory, inhibitory)

Lateral: PPRF
Vertical/rotatory: riMLF, IN-Cajal

#1

#2

Figure 9- 6 Diagram illustrating the central control mechanism of saccadic eye movement. The difference between a memory- guided saccade and a 
visually guided saccade is not absolute but relative. The arrows show the main flow of information between different structures, and in fact most 
connections are believed to be bidirectional. Furthermore, the ascending pathway from the subcortical structures to the cerebral cortex through the 
thalamic relay nuclei is not shown here. #1 is inhibitory and mainly related to motor selection. #2 controls accurate performance of the saccades. 
SEF: supplementary eye field, FEF: frontal eye field, PPRF: paramedian pontine reticular formation, riMLF: rostral interstitial nucleus of the medial 
longitudinal fasciculus, IN- Cajal: interstitial nucleus of Cajal. (Prepared by the authors based on Girard & Berthoz, 2005, and Ramat et al, 2007)

 

 



9.  ExTRAOCULAR MUSCLES, GAZE, AND EYE MOVEMENTS 65

area (MST) of monkeys plays an important role in motion 
vision and thus in smooth pursuit (Figure 9- 7) (Lencer & 
Trillenberg, 2008, for review). Area V5 in humans is located 
in the posterior part of the superior temporal sulcus at the 
site where its ascending branch bifurcates (Matsumoto et al, 
2004)  (see Chapter  23- 1C). Area V5 receives input from 
the primary visual cortex directly or indirectly, and also 
from the vestibular nuclei, and it projects to the FEF and 
the parietal eye field. Furthermore, the FEF receives input 
from the SEF, dorsolateral prefrontal cortex, and parietal 
cortex, each of which controls the function of the FEF. The 
smooth pursuit- related neurons in the brainstem are consid-
ered to be in the reticular formation, which corresponds to 
the dorsolateral pontine nucleus and the nucleus reticularis 
tegmenti pontis in monkeys. The neuronal group receives 
input from area V5 and the FEF and projects indirectly 
via cerebellum and vestibular nuclei to the motor nuclei 
innervating the extraocular muscles (Figure 9- 7, Box 12)  
(Mustari et al, 2009).

C .   R O L E S  O F   C E R E B E L L U M  A N D  B A S A L  G A N G L I A 
I N   E Y E  M O V E M E N T S

The cerebellum and basal ganglia play an important role 
in the control of eye movements. The cerebellum receives 
input from the superior colliculus and projects output 

through the cerebellar nuclei to the saccadic burst neurons 
in the midbrain and pons (Figure 9- 6). The cerebellum acts 
to accurately control the amplitude of saccades, and its dys-
function causes instability of the saccadic amplitude and 
impairment of VGS. Within the cerebellum, among others, 
flocculus and paraflocculus play an important role in stabi-
lizing the visual image on the fovea of retina.

Output from the basal ganglia is inhibitory and acts 
to select necessary movements by suppressing unnecessary 
movements (see Chapter  16- 2B). In Parkinson disease, 
the reaction time with saccades is delayed and the speed of 
saccade becomes slow in proportion to the reaction time 
of the hand ipsilateral to the side of gaze (Shibasaki et al, 
1979). As the striatum is functionally connected to the 
supplementary motor area, it is considered to be especially 
important for the control of MGS. In Parkinson disease, 
MGS is mainly impaired, but VGS was also shown to be 
impaired, though to a relatively mild degree, from the early 
clinical stage (Terao et al, 2011).

5.   ExAMINATION OF ExTRAOCULAR 
MUSCLES, GAZE, AND EYE MOVEMENTS

As gaze and eye movements cannot be tested if the extra-
ocular muscles are paralyzed, it is reasonable to test the 

DLPFC

SEF

FEF
PEF

MST
MT

VC

PN
VN
ONON

CerebN

DLPFC

CerebN

Figure 9- 7 Schematic diagram showing the central pathway related to the 
control of smooth pursuit eye movement. CerebN: cerebellar nucleus, 
DLPFC: dorsolateral prefrontal cortex, FEF: frontal eye field, MST: medial 
superior temporal visual area, MT: middle temporal visual area, 
ON: motor nuclei innervating extraocular muscles, PEF: parietal eye field, 
PN: smooth pursuit- related nucleus in the pontine reticular formation, 
SEF: supplementary eye field, VC: primary visual cortex, VN: vestibular 
nuclei. (Reproduced from Lencer & Trillenberg, 2008 with permission).

BOX 12 SACCADIC EYE MOVEMENT AND SMOOTh PURSUIT 

EYE MOVEMENT

It is generally believed that a saccadic eye movement (sac-

cade) is a rapid eye movement whereas a smooth pursuit eye 

movement (smooth pursuit) is a slow movement, but from the 

clinical point of view, the distinction between the two should 

be made not just based on the speed of ocular movements 

but rather on the way the eye movement was induced in the 

examination. A  saccade is induced by shifting the visual fix-

ation from one visual target rapidly to another target. In this 

case, therefore, the fixation point jumps from a visual target to 

another target. Consequently, the movement is rapid in healthy 

subjects, but in some patients the saccade may become very 

slow. By contrast, smooth pursuit is induced when the eyes 

maintain fixation to a slowly moving visual target, and its speed 

depends on the speed of the target movement. As a visual 

target is usually moved slowly for inducing the smooth pursuit, 

the induced eye movement is slow and smooth in healthy sub-

jects. However, if a visual target is moved rapidly, the induced 

ocular movement can be as fast as the saccade.
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extraocular muscles first before testing the gaze and eye 
movements.

A .   P T O S I S

Although the levator muscle of the upper eyelid is not 
directly related to eye movement, it is useful to observe 
the presence or absence of ptosis (blepharoptosis) to start 
with. This can be done by comparing the palpebral fissure 
between the two eyes.

Bilateral Ptosis

Bilateral ptosis is seen in disorders of muscles or neuromus-
cular junctions. In particular, it is important to think about 
the possibility of myasthenia gravis (MG). The cardinal 
feature of this condition is easy fatigability, which is usu-
ally suggested by the history. When examining the patient, 
ptosis may be noticeable several seconds after the patient 
arises from the lying position and it may return to normal 
once the patient lies down again.

When there is a possibility of MG, the diagnosis can be 
confirmed according to the following tests. First, the effect 
of cholinesterase inhibitor should be tested (Tensilon test) 
(see Chapter 29- 1). Then, the response of a skeletal muscle 
to 3 Hz repetitive electrical stimulation of the correspond-
ing motor nerve should be examined. In case of ocular 
MG, either the orbicularis oculi or the oris muscle can be 
studied by stimulating the facial nerve. Decrement of the 
muscle evoked potentials by more than 10% is judged to be 
positive (waning). Single fiber EMG may be also applied. 
Then, the serum should be tested for the antibody against 
acetylcholine receptor. This test is positive in the majority 
of patients with MG, but in a small proportion of patients, 
antibodies against muscle specific kinase (MuSK) and low 
density receptor- related protein 4 (Lrp4) might be pos-
itive instead (Vincent, 2014, and Ha & Richman, 2015, 
for review). Furthermore, as thymoma is present in about 
15% of MG patients, X- ray and CT of the chest should be 
obtained.

Bilateral lesion of the brainstem tegmentum may cause 
bilateral ptosis as a part of Horner syndrome. In this case, 
however, it is extremely rare to show ptosis to equal degree 
in both eyes. In bilateral Horner syndrome, the ptosis is 
more conspicuous on the side of the smaller pupil. By con-
trast, in case of bilateral oculomotor nerve palsy, the ptosis 
is more conspicuous on the side of the larger pupil. Bilateral 
lesion of the brainstem tegmentum can be judged from 
other accompanying signs.

In aged subjects, the tissue of the upper eyelids may 
become loose and result in apparent ptosis. In this case, lifting 
of the slackened upper eyelid may disclose its real position.

Unilateral Ptosis

Unilateral ptosis of marked degree is usually caused by a 
lesion of the ipsilateral oculomotor nerve, because ptosis in 
Horner syndrome is usually mild in its degree. In unilateral 
ptosis of mild degree, its cause could be either oculomotor 
nerve palsy or Horner syndrome. Observation of pupils is 
of utmost importance for distinction of the two conditions 
(see Chapter 8- 2).

Blepharospasm

When a patient complains of difficulty in seeing because of 
the eyelid drop, it may be also due to blepharospasm instead 
of ptosis. Since blepharospasm is caused by excessive con-
traction of the orbicularis oculi muscle (see Chapter 11- 1A), 
the position of the lower eyelid is elevated in blepharo-
spasm, which is not the case in ptosis. Furthermore, in 
blepharospasm, contraction of the orbicularis oculi mus-
cle is enhanced either continuously (tonic contraction) 
or repetitively (phasic contraction), and blinks might be 
increased in intensity and frequency.

In case intermittent eye closure is limited only to one 
eye, it could be a part of hemifacial spasm, which is due 
to hyperexcitation of the facial nerve. In this case, however, 
contraction may also be seen in the ipsilateral orbicularis 
oris muscle either continuously or repetitively in syn-
chrony with the contraction of the orbicularis oculi muscle 
(Chapter 11- 1A). On the other hand, blepharospasm may 
look asymmetric in some cases. In this case, again obser-
vation of the orbicularis oris muscle is important for the 
distinction.

Blepharospasm is considered to be a kind of focal dysto-
nia (see Chapter 18- 6). The condition in which blepharo-
spasm is accompanied by dystonia of the jaw and pharynx 
used to be called Meige syndrome.

B .   E x A M I N A T I O N  O F   E x T R A O C U L A R  M U S C L E S

Examination of the extraocular muscles can be effectively 
started by observing the eyes in the primary position when 
the subject spontaneously looks straight ahead. If an eye is 
deviated either medially or laterally, it may not necessarily 
be paralysis of extraocular muscles but it may be congen-
ital strabismus (squint) or due to other ophthalmological 
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causes. In congenital strabismus, the patient rarely com-
plains of double vision (diplopia), and paralysis of extra-
ocular muscles can be excluded by the examination as 
described below.

In paralysis of an extraocular muscle, the involved eye is 
deviated to the side of the opposing muscle. For example, 
in paralysis of the medial rectus muscle, the affected eye is 
deviated laterally in the primary position, and in paralysis 
of the lateral rectus muscle, the eye is deviated medially. 
In case one eye is deviated upward or downward, a pair of 
muscles rotating the eye either downward or upward may be 
affected, or one muscle of each pair may be affected.

Vertical Paralysis of One Eye

If one eye is rotated upward in the primary position, it sug-
gests paralysis of either the superior oblique muscle or the 
inferior rectus muscle, or both, of that eye. In unilateral 
paralysis of the superior oblique muscle, the patient com-
plains of diplopia (double vision) when looking downward, 
and the degree of diplopia (distance between the real image 
from the intact eye and the false image from the paralyzed 
eye) is increased when the visual target placed downward 
is moved laterally away from the side of the affected eye. In 
unilateral paralysis of the inferior rectus muscle, by contrast, 
the diplopia is increased in its degree when the visual target 
is moved toward the side of the affected eye. Furthermore, 
the patient with unilateral superior oblique muscle palsy 
tends to tilt his/ her head toward the side of the intact eye. 
This is because the patient is spontaneously (involuntarily) 
trying to compensate for the relative position of the affected 
eye, which is otherwise rotated upward due to the down-
ward paralysis of that eye. This phenomenon can be tested 
by tilting the patient’s head toward the side of the affected 
eye, which will elevate the relative position of the eye fur-
ther, resulting in an increase in the degree of diplopia. This 
phenomenon is called the Bielschowsky sign.

If one eye is rotated downward in the primary eye posi-
tion, it suggests paralysis of either the superior rectus mus-
cle or the inferior oblique muscle, or both, of that eye. The 
patient complains of diplopia when looking at an object 
placed upward. If the diplopia is increased by shifting the 
visual target from there to the side of the affected eye, it sug-
gests impairment of the superior rectus muscle. Likewise, 
if the diplopia is increased by shifting the target to the side 
away from the affected eye, it suggests impairment of the 
inferior oblique muscle. In fact, as these two muscles are 
innervated by the same (oculomotor) nerve, they are often 
paralyzed together.

In case one eye is rotated either upward or downward in 
the primary position, it is important to observe the position 
of the other eye, because it might be skew deviation and 
not extraocular muscle palsy. In skew deviation, one eye is 
rotated upward while the other eye is rotated downward, 
producing a diagonal position. This phenomenon is seen in 
some lesions of either cerebellum or brainstem.

Congenital Disorders of Extraocular Muscles

Congenital paralysis of bilateral abducens nerves and/ 
or bilateral facial nerves is called Möbius syndrome (see 
Box 20). These conditions are due to hypoplasia or aplasia 
of neurons of the abducens nucleus or the facial nucleus. 
Therefore, the signs are present from birth and not pro-
gressive. Möbius syndrome may also present with lateral 
gaze palsy due to hypoplasia of neurons in the lateral gaze 
center.

In another congenital condition known as Duane 
syndrome, the affected eye is medially rotated because of 
disturbance of lateral rotation, and an attempt to medially 
rotate the eye produces retraction of the eyeball associated 
with narrowing of the palpebral fissure. This phenomenon 
can be seen bilaterally. By using MRI with high spatial res-
olution, marked hypoplasia of the extramedullary fibers of 
the abducens nerve was demonstrated in this condition 
(Denis et al, 2008). It was thought that this condition was 
due to the histological reorganization of the abducens mus-
cle itself, but it is now believed to be secondary to abducens 
nerve palsy.

Causes of Diplopia or Extraocular Muscle Paralysis

Causes of diplopia or extraocular muscle paralysis can be 
grouped into four main conditions (Table 9- 1). Namely, 
diplopia may be caused by a lesion involving any part of 
the final common pathway extending from the relevant 
brainstem motor nuclei to the extraocular muscles. For 
the patients complaining of diplopia, therefore, it is useful 
to consider each possibility systematically throughout the 
history taking and the physical examination. The tests for 
MG, one of the most common causes of diplopia, were pre-
viously explained. Diplopia can occur in a lesion involving 
one or more of the three cranial nerves (oculomotor, troch-
lear, abducens) or those nuclei or fiber pathways within the 
brainstem (Box 13).

In relation to the above, some patients with a lesion in 
the occipital lobe may complain that a single object looks 
like more than one to them. In this case, it is not just double 
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vision but more often multiple vision (polyopia), and the 
degree of polyopia does not change by moving eyes or by 
changing the position of object. Furthermore, it is often 
associated with disturbance of other visual cognitive func-
tions (see Chapter 23- 2C). Therefore, this condition can be 
easily distinguished from diplopia caused by a lesion of the 
final common pathway.

Ocular Myopathy

Ocular myopathy associated with thyrotoxicosis used to be 
called thyrotoxic myopathy, but this condition may not 
be directly related to the thyroid hormone. It is most likely 
that the extraocular muscles and the thyroid gland happen 

to be affected independently by an autoimmune process. 
Temporally, therefore, these two conditions do not always 
change in parallel.

A group of conditions due to abnormality of 
mitochondria- related genes and manifesting progressive 
external ophthalmoplegia in young adults is called oph-
thalmoplegia plus or progressive external ophthalmo-
plegia (Copeland, 2014, for review) (see Box 57). The 
most representative form of this condition is Kearns- 
Sayre syndrome, which is characterized by age at onset 
before 20  years, progressive external ophthalmoplegia, 
retinal pigment degeneration, cardiac conduction block, 
cerebellar ataxia, and increased protein in the cerebro-
spinal fluid. It is usually sporadic in its occurrence and is 
due to deletion of the mitochondrial DNA (mtDNA). 
Another condition of this group is mitochondrial neu-
rogastrointestinal encephalomyopathy, which is charac-
terized by progressive external ophthalmoplegia, motor 
and sensory polyneuropathy, chronic diarrhea, recurrent 
intestinal obstruction, and malnutrition. This condition 
is inherited in an autosomal recessive trait and is due to 
multiple deletion of mtDNA.

C .   E x A M I N A T I O N  O F   F I x A T I O N ,  G A Z E ,  
A N D  E Y E  M O V E M E N T S

After having confirmed that the extraocular muscles are 
intact, or at least not markedly paralyzed, it is possible to 
test the gaze and eye movements. First, the primary posi-
tion of eyes is observed while the patient is looking straight 
ahead. In case the eyes are unstable, associated with small 
rapid horizontal movements, the electronystagmogram 

TABLE 9-  1  CAUSES OF ExTRAOCULAR MUSCLE PARALYSIS

1.  Muscle disease

Ocular myopathy

 Mitochondrial encephalomyopathy (among others  
Kearns- Sayre syndrome)

 Myopathy associated with thyroiditis (so- called thyrotoxic  
ophthalmoplegia)

2.  Disorders of neuromuscular junction

Myasthenia gravis

3. Cranial nerve lesion (III, IV, VI)

Cranial neuritis

Miller Fisher syndrome (Box 13)

Painful ophthalmoplegia (Tolosa- Hunt syndrome)

Diabetic neuropathy

Sarcoidosis

Aneurysm (internal carotid artery, basilar artery)

Metastatic brain tumor

Sphenoidal ridge meningioma

Tumor of the paranasal sinus (especially mucocele)

Trauma

4. Brainstem lesion

Multiple sclerosis

Angioma

Infarction

Hemorrhage

Tumor

Wernicke encephalopathy

Brainstem encephalitis

BOX 13 MILLER FIShER SYNDROME

A combination of ophthalmoplegia, trunk ataxia, and loss of 

tendon reflexes of acute onset following the symptoms of 

upper respiratory or gastrointestinal infection is called Miller 

Fisher syndrome. In spite of severe involvement of the oculo-

motor nerve, trochlear nerve, and abducens nerve, conscious-

ness is preserved and there is no evidence of long tract signs, 

which suggests the extramedullary, inflammatory involvement 

of those cranial nerves. In this condition, the antibody against 

GQ1b is often elevated in the serum (Kusunoki et al, 2008). 

Some patients may have a combination of clinical features of 

Guillain- Barré syndrome, brainstem encephalitis of Bickerstaff, 

and Miller Fisher syndrome. Those cases might be regarded as 

a syndrome of anti- GQ1b antibody.
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(ENG) may show small square waves. This phenomenon 
is called square- wave jerks and is seen in patients with 
cerebellar lesions. Then, for testing fixation, the patient 
is asked to look at an object placed in the central visual 
field and saccade to small shifts of the target. If the eyes 
miss the target and show several small oscillations before 
fixating on the target, it is called ocular dysmetria. In 
this case, the ENG shows a short burst of several rapid 
decrescendo beats before catching the target. Flutter- like 
oscillations may look like ocular dysmetria, but in this 
condition there is no decline of the ENG amplitude in 
the burst.

Lateral Gaze Palsy and Conjugate Deviation of Eyes

Deviation of the two eyes to either left or right to equal 
angle is called conjugate deviation of eyes. This is caused 
by a lesion involving either the cerebral hemisphere, espe-
cially the frontal lobe, ipsilateral to the side of deviation or 
the pontine tegmentum contralateral to the side of devi-
ation. In the former case, it is usually seen in association 
with disturbance of consciousness as in acute stroke. If the 
head is also rotated to the same direction as the eyes, it is 
usually due to a lesion of the parieto- occipital lobe ipsilat-
eral to the side of deviation. This condition is associated 
with either homonymous hemianopsia or hemispatial 
neglect on the side contralateral to the lesion. As visual 
spatial attention is mainly controlled by the right cerebral 
hemisphere in right- handed subjects, the above- described 
conjugate deviation of eyes and head is commonly seen in 
patients with right hemispheric lesions. Upward or down-
ward deviation of eyes suggests the presence of downward 
gaze palsy or upward gaze palsy, respectively.

When there is lateral or vertical gaze palsy, it is important 
to examine the presence or absence of oculocephalic reflex. 
For this purpose, the head is passively rotated, and if the 
eyes change their relative position toward the opposite side 
of passive rotation, then the oculocephalic reflex is judged 
to be present. The presence of the oculocephalic reflex 
when there is a gaze palsy suggests supranuclear paralysis, 
and its absence suggests nuclear or infranuclear paralysis. In 
the latter case, the lateral gaze center in the pons (PPRF) or 
the vertical gaze center in the midbrain is directly involved 
by a lesion, and in the former case, the lesion is present cen-
tral to the gaze centers. Progressive supranuclear palsy (see 
Box 79) is a typical example of supranuclear gaze palsy. The 
oculocephalic reflex is also called doll’s eye sign, and it is an 
important test for examining a patient with possible brain 
death (see Chapter 29- 5C).

Oculogyric Crisis

Upward or oblique upward deviation of eyes may not be due 
to downward gaze palsy but could be due to an oculogyric 
crisis. Oculogyric crisis was first described in patients with 
postencephalitic parkinsonism. Nowadays this phenom-
enon can be seen in a residual state of acute encephalitis 
or in the chronic phase of anoxic encephalopathy. Similar 
phenomena might be encountered during epileptic attacks, 
but the diagnosis of epileptic attacks can be easily made by 
taking into account other manifestations associated with 
epilepsy (see Chapter 24- 1).

In healthy subjects, closure of eyelids is accompanied by 
upward rotation (elevation) of eyes, which is called the Bell 
phenomenon. In patients with a unilateral cerebral hemi-
spheric lesion, elevation of the eyes produced by strong eye-
lid closure is deviated to either left or right. In 70% of cases, 
the eyes are deviated away from the side of the hemispheric 
lesion (Cogan sign), and in 20% of cases, they are deviated 
toward the side of the lesion (Sullivan et al, 1991).

Gaze Paralysis and Ocular Motor Apraxia

Examination of gaze can be done while examining the 
extraocular muscles, but as the patients with intact extraoc-
ular muscles may still have gaze disturbance, it is better to 
pay attention to the extraocular muscles and gaze separately. 
Gaze can be tested, with the eyes placed in the primary 
position, by asking the patient to look at either side or up 
and down without showing any visual target. If a patient is 
unable to look at any direction, it may be due to either gaze 
palsy or disturbance of even higher cortical functions. For 
distinguishing these two conditions, it is useful to observe 
spontaneous eye movements while the patient is talking for 
example. In ocular motor apraxia, eye movements may 
occur randomly in all directions in the spontaneous con-
dition, but once the patient is asked to fixate on an object 
placed in the lateral visual field, then he/ she is unable or 
finds it difficult to move the eyes to that direction. In this 
case, the head first rotates promptly and overshoots the tar-
get, and then it returns so that both the head and eyes catch 
the object. This phenomenon is called head thrust.

In gaze palsy, in contrast to the ocular motor apraxia, 
eye movements to the paralyzed direction are absent 
even in the spontaneous condition. In fact, ocular motor 
apraxia is much less common than gaze palsy. Gaze palsy 
is divided into two types: supranuclear and infranuclear. 
Infranuclear gaze palsy is caused by a lesion involving 
the gaze center in the midbrain or the pons or its effer-
ent nerve fibers innervating the extraocular muscles. In 
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contrast to the other skeletal muscles, neither the mus-
cle volume nor the tendon reflex can be examined in 
the gaze palsy. Therefore, the oculocephalic reflex (see 
Chapter  9- 5C) and other accompanying signs provide 
important clues to distinction of the supranuclear and 
infranuclear ophthalmoplegia. The presence of the ocu-
locephalic reflex (doll’s eye sign) suggests supranuclear 
palsy. In incomplete gaze paresis or during the recovery 
phase from the acute stage, gaze may be no longer par-
alyzed, but it may manifest itself as a slow speed of sac-
cades. When testing the gaze, involuntary movements 
of eyes (to be described in the next section) can be also 
observed, if any.

Eye- Tracking Test

It is important to test saccades and smooth pursuit sep-
arately for horizontal as well as vertical gaze. For testing 
horizontal saccades, the examiner sits about 50 cm in front 
of the patient and holds visual targets (usually the exam-
iner’s hands) horizontally with the visual angle of about 
30 degrees while the patient is asked to fixate at each tar-
get alternately. By this maneuver, approximate information 
is obtained as to the speed of saccades and how accurately 
the eyes can fixate on the target. For obtaining more 
detailed information, the patient is asked to look at a target 
placed in the central visual field and to promptly look at 
another target placed in the lateral field. If the eyes cannot 
fixate their gaze to the target accurately, it is called dysme-
tria. There are two types of dysmetria. In hypermetria or 
hypermetric saccades, the eyes overshoot and then return 
to the target, which is considered to be characteristic of 
cerebellar lesion, especially a lesion involving the dorsal 
vermis and fastigial nucleus. In hypometria or hypomet-
ric saccades, the eyes stop before reaching the target and 
then proceed further to catch the target. This condition 
is less lesion- specific than hypermetria, and is seen in dis-
orders of cerebellum or basal ganglia, or the supranuclear 
ocular motor system.

Smooth pursuit can be tested by moving a visual tar-
get smoothly over the visual angle of about 30 degrees and 
by asking the patient to follow the moving target. If small 
saccades are superimposed on the smooth movement, the 
phenomenon is called saccadic pursuit or catch- up sac-
cades. This phenomenon is also seen in cerebellar lesions, 
but its specificity to any site or any nervous system is 
relatively low.

Optokinetic Nystagmus

Optokinetic nystagmus (OKN) is produced by ask-
ing patients to watch a tape with a series of alternating 
stripes (or other objects). The tape can be moved hori-
zontally or vertically. The eyes should move at the speed 
of the tape in the direction of the tape and then have 
periodic saccades in the opposite direction. OKN is a 
nice way of assessing whether saccades are present and 
symmetrical.

D.   I N V O L U N T A R Y  M O V E M E N T S  O F   E Y E S

The most common involuntary movement of eyes is nys-
tagmus. In most cases of nystagmus, both eyes move to 
the same direction to the same degree and with the same 
speed (conjugate nystagmus). Exception to this is disso-
ciated nystagmus, seen in INO, and seesaw nystagmus. 
Nystagmus may be seen in the primary position of eyes 
(spontaneous nystagmus), but it is often induced or 
increased by gaze (gaze nystagmus). Depending on the 
direction of involuntary movements, it is classified into 
horizontal nystagmus, vertical nystagmus, and rota-
tory nystagmus. The patients having nystagmus often 
complain of oscillopsia, but they may not complain of 
any symptoms. In order to diagnose ocular oscillations 
accurately, it is important to take a careful history and to 
perform a systematic examination of vision and each func-
tional class of eye movement (Thurtell & Leigh, 2011, for 
review).

Spontaneous Nystagmus

Nystagmus is commonly formed by quick phase and slow 
phase, but some nystagmus may move with the same speed 
to both directions. This is called pendular nystagmus and 
is commonly seen in patients with congenital nystagmus. 
Congenital nystagmus is characterized by horizontal 
pendular nystagmus of large amplitude, its suppression 
by eyelid closure, and a reversed direction of OKN. As 
noted above, in healthy subjects, the quick phase of OKN 
is induced in the direction away from the side of the tar-
get movement, but in congenital nystagmus, it is induced 
toward the side of target movement. Moreover, congenital 
nystagmus is often associated with amblyopia from child-
hood, and the patient may not be aware of any oscillop-
sia or unsteadiness in spite of the presence of conspicuous 
nystagmus. Suppression of congenital nystagmus by eyelid 
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closure may not be caused by masking of visual stimulus 
but may be related to the voluntary attempt to close eyes 
(Shibasaki et al, 1978).

In some cases of spontaneous nystagmus, its quick phase 
might change its direction from one to the other period-
ically. This phenomenon is called periodic alternating 
nystagmus and is typically seen in a lesion of cerebellum, 
especially the nodulus.

Gaze Nystagmus

Horizontal nystagmus is commonly induced or enhanced 
by lateral gaze. The quick phase is induced toward the side 
of gaze in most cases, but in some cases it may be to the 
opposite direction. Lateral gaze may also induce vertical 
nystagmus or rotatory nystagmus. In patients with cerebel-
lar lesions, the quick phase of nystagmus induced by lateral 
gaze may change its direction when the eyes return to the 
primary position. For example, the gaze nystagmus that is 
induced by lateral gaze to the right with its quick phase 
directed to the right changes its quick phase to the left as 
soon as the eyes are returned to the primary position. This 
phenomenon is called rebound nystagmus, and is seen 
in a lesion of the cerebellum, especially the flocculus and 
paraflocculus.

Vertical gaze nystagmus is commonly induced to 
the direction of vertical gaze, but it may be induced to 
the reverse direction. Namely, upward gaze commonly 
induces up- beat nystagmus, but it may induce down- 
beat nystagmus and vice versa. Down- beat nystagmus 
is seen in patients with Arnold- Chiari malformation, 
paraneoplastic syndrome, and intoxication with lithium, 
carbamazepine, or amiodarone. This is also believed to 
be caused by involvement of the flocculus and para-
flocculus. Arnold- Chiari malformation (Chiari mal-
formation) is a congenital condition in which the 
cerebellar tonsils, and in severe cases the inferior vermis 
and lower medulla as well, are displaced below the fora-
men magnum.

In patients with the sylvian aqueduct syndrome, 
convergence- retraction nystagmus may be induced by 
vertical gaze, especially by upward saccade provoked by 
downward movement of the OKN stimulus. In this condi-
tion, pupillary abnormality may be also seen.

Superior oblique myokymia is a burst of rotatory pen-
dular rapid small movements seen in one eye. This condi-
tion can be only recognized with a slit lamp examination, 
because each movement is quite small. The patient with this 

condition may complain of rotatory oscillopsia when look-
ing at an object monocularly.

Ocular Myoclonus

Rhythmic vertical oscillation of eyes at a frequency of about 
3 Hz used to be called ocular myoclonus, but its mechanism 
seems to be similar to that of tremor. In most cases of this 
condition, the ocular movements are associated with syn-
chronous vertical movements of the soft palate. The latter 
phenomenon also used to be called palatal myoclonus, but 
it is now more often called palatal tremor. Symptomatic 
oculopalatal tremor is caused by a lesion involving any part 
of the Guillain- Mollaret triangle, but most commonly by a 
lesion of the central tegmental tract in the pons, and then 
by a cerebellar lesion (see Box 60).

Opsoclonus

Opsoclonus is seen in the spontaneous eye position and 
is characterized by irregular gross quick conjugate move-
ments of the eyes to various directions. Each movement 
is shock- like and resembles myoclonus of the extremities 
(Figure 9- 8). In fact, opsoclonus is often associated with 
myoclonus in the trunk or extremities. However, unlike 
myoclonus of cortical origin, opsoclonus is not preceded 
by EEG spikes. It is postulated that the saccadic burst neu-
rons in the brainstem gaze centers generate bursts of dis-
charges as a result of a cerebellar lesion.

Opsoclonus- myoclonus syndrome is seen in children 
with cerebellar neuroblastoma and is also seen in adults 
with autoimmune or infectious cerebellitis. It is also known 
to occur as a paraneoplastic syndrome. Opsoclonus has also 
been reported in cases of neuroborreliosis due to infection 
with borrelia burgdorferi.

In some cases, opsoclonus may need distinction from 
ocular flutter. Ocular flutter, also called flutter- like 
oscillation, is a short burst of horizontal rhythmic quick 
movements and is enhanced by gaze. It is distinguished 
from opsoclonus in that flutter is a burst of rhythmic beats 
whereas opsoclonus is irregular, but the two conditions can 
be seen in the same patient at the same time or at different 
stages of the clinical course.

Ocular Bobbing and Ocular Dipping

Quick sinking of both eyes followed by slow return to the 
primary position is called ocular bobbing, and slow sinking 
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of both eyes followed by quick return to the primary posi-
tion is called ocular dipping. Both conditions are seen in 
bilateral massive lesion of the pontine tegmentum.
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10.

TRIGEMINAL NERVE

1.  STRUCTURES AND FUNCTIONS

The fifth cranial nerve (trigeminal nerve) innervates facial 
sensation and jaw movement. Anatomically the nerve 
consists of three branches:  the first branch (ophthalmic 
nerve), the second branch (maxillary nerve), and the third 
branch (mandibular nerve).

A .   S O M A T O S E N S O R Y  PA T h W A Y

Sensory nerves of the trigeminal nerve innervate skin 
of the face and forehead, a part of the oral mucosa, and 
a large part of the meninges. The primary neurons are in 
the semilunar ganglion (gasserian ganglion), which is 
located in the middle cranial fossa (Figure 10- 1, see also 
Figure 8- 2a).

The ophthalmic nerve transmits sensory impulses 
from the skin of the frontal scalp (supraorbital nerve) and 
the nasal ala. The nerve fibers arising from the sensory 
receptors of those areas pass posteriorly below the superior 
wall of the orbit, and together with the fibers coming from 
the orbital mucosa, exit from the orbit through the supe-
rior orbital fissure (see Figure 8- 2a) to enter the anterior 
cranial fossa. Then they pass further posteriorly through 
the cavernous sinus (see Figure 8- 1) to enter the middle 
cranial fossa, where they project to the semilunar gan-
glion. Intracranially, the ophthalmic nerve transmits noci-
ceptive impulse from the meninges of the anterior cranial 
fossa and the cerebellar tent. In relation to this tentorial 
branch, the frontal headache occasionally complained 
of by a patient with posterior fossa lesion is explained as 
a referred pain. The patient feels as if the pain is com-
ing from the frontal region because the tentorial branch 
enters the ophthalmic nerve.

The maxillary nerve transmits sensory impulses from 
the skin of the upper lip and cheek and from the mucosa 
of the nose and the upper oral cavity. It enters the mid-
dle cranial fossa through the foramen rotundum (see 

Figure  8- 2a), and after being joined by the nociceptive 
input from the middle cranial fossa, it projects to the 
semilunar ganglion. The mandibular nerve transmits sen-
sory impulses from the skin of the jaw and temple and the 
mucosa of the lower oral cavity. It enters the middle cra-
nial fossa through the foramen ovale (see Figure 8- 2a) and 
projects to the semilunar ganglion.

The primary sensory neuron of the trigeminal nerve, 
like other primary somatosensory neurons, is a bipolar cell 
(see Figure 19- 1). The impulse generated at the peripheral 
receptors is conducted through the peripheral axon to the 
semilunar ganglion and enters the lateral pons through its 
central axon. Soon after entering the pontine tegmentum, 
the fibers separate into two groups as follows.

Small nociceptive fibers form the spinal tract of the 
trigeminal nerve and descend through the lateral teg-
mentum of pons and medulla oblongata to reach the 
upper cervical segments (see Figures  5- 2, 5- 3 and 5- 5). 
As the impulses descend through the spinal tract, they are 
transmitted to the secondary neurons at each level in the 
spinal nucleus of the trigeminal nerve, which is located 
just medial to the spinal tract (Figure 10- 1). The secondary 
sensory fibers cross to the other side at each level and join 
the medial part of the contralateral spinothalamic tract to 
form the trigeminothalamic tract. This tract ascends to 
reach the ventral posteromedial nucleus (VPM) of the 
thalamus, where the third sensory neurons originate. As 
described in Chapter 5- 5, the spinal nucleus of the trigem-
inal nerve extends from the middle pons to the upper cer-
vical segments, and thus is the longest nucleus among the 
cranial nerve nuclei.

Large sensory fibers related to tactile sensation enter 
the main sensory nucleus of the trigeminal nerve, 
which is located in the middle part of the pontine teg-
mentum (Figure 10- 1). The secondary fibers originating 
from the main sensory nucleus cross to the other side to 
join the medial lemniscus, and project to the VPM of the 
thalamus.
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As expected from the above, if one of the three 
branches is affected, the patient suffers from superficial 
sensory loss and/ or complains of pain or numbness local-
ized to the area of the skin and mucosa innervated by that 
branch. If a lesion involves the main trunk of the trigem-
inal nerve (central to the semilunar ganglion), then the 
sensory impairment occurs in the whole area innervated by 
the whole nerve.

An extramedullary lesion of the trigeminal nerve usu-
ally affects both nociceptive and tactile sensation. As for 
intramedullary lesions, a lesion located at the entrance 
area is expected to disturb all kinds of sensation, but after 
the fibers are separated into the nociceptive group and the 
tactile group, either of the two senses might be selectively 
affected (dissociated sensory loss). Furthermore, as the 
spinal nucleus of the trigeminal tract extends for a long 
distance, the sensory impairment caused by the lesion may 
not involve the whole face. However, correlation between 
the site of the lesion and the distribution of sensory impair-
ment has not been clearly established.

In lateral medullary syndrome (Wallenberg syndrome) 
(see Box 21), the spinal tract is damaged at the upper med-
ullary level, but the pain and temperature senses are usually 
lost over the whole area of the ipsilateral face. On the other 
hand, it is expected theoretically that a lesion of the upper 
cervical cord might cause sensory symptoms on the face, 
but this phenomenon is extremely rare.

B .   C O R T I C A L  R E C E P T I O N  O F   S O M A T O S E N S O R Y 
I N P U T  F R O M   FA C E

The third sensory fibers originating from the VPM of the 
thalamus ascend through the internal capsule and the corona 
radiata, and project to the face area of the primary somato-
sensory cortex (SI) in the postcentral gyrus. In the post-
central gyrus, the receptive area of impulses arising from the 
face is located over the lateral convexity, whereas that from 
the foot is located over the mesial area, forming an upside 
down homunculus (Figure 10- 2). Regarding specific parts 
of the face, however, there is no upside down somatotopy, 
and the area for the eyes is located dorsal to that for the jaw. 
Functional localization in the SI is described in the chapter on 
the somatosensory system (Chapter 19- 1) (see Figure 19- 3).

Nerve fibers originating from the SI project bilaterally 
to the secondary somatosensory cortex (SII), located 
in the superior bank of the sylvian fissure, and also to the 
ipsilateral areas 5 and 7 located posterior to the SI. There 
is some somatotopic organization also in the SII, with the 
face area being located more anteriorly and the foot area 
more posteriorly.

C .   N E R V E  I N N E R V A T I O N  
O F   M A S T I C A T O R Y  M U S C L E S

The motor nucleus of the trigeminal nerve is located in 
the middle of the pontine tegmentum just medial to the 
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Figure 10- 1 Schematic illustration of composition of the trigeminal nerve (V) and its branches.
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main sensory nucleus (Figures 10- 1 and 10- 3). Its efferent 
fibers exit the pons from its lateral rim and pass through the 
semilunar ganglion to form the mandibular nerve. After 
exiting from the middle cranial fossa through the fora-
men ovale, the motor fibers separate into three branches 
to innervate the temporal muscle, masseter, and pterygoid 
muscles. In a lesion of the mandibular nerve, atrophy and 
weakness can be seen or palpated in the temporal muscle 
and masseter. As the lateral pterygoid muscle acts to open 
the mouth by protruding the mandible forward and down-
ward, its unilateral paralysis pushes the jaw to the para-
lyzed side when opening the mouth, causing deviation of 
the jaw to the affected side. As the lateral pterygoid muscle 
also acts to push the jaw to the other side, its weakness can 
be felt by palpation by asking the patient to push the jaw 
to the side contralateral to the weakened muscle. As the 
motor nucleus of the trigeminal nerve is bilaterally inner-
vated by the corticobulbar tract, a unilateral lesion of the 
corticobulbar tract does not cause paralysis of the mastica-
tory muscles.

Motor fibers of the mandibular nerve also innervate 
the tensor tympani muscle. As this muscle acts to con-
trol the tonus of the tympanic membrane, its paralysis 
is theoretically considered to decrease the tonus of the 
tympanic membrane. However, hearing deficit due to 
trigeminal nerve lesion is not encountered in the clinical 
setting.

D.   R E F L E x  PA T h W A Y  O F   J A W   J E R K

As the masseter is bilaterally innervated by the corticobulbar 
tracts, its tendon reflex is not enhanced with a unilateral lesion. 
The masseter reflex (jaw jerk) is elicited by tapping the jaw 
downward with the mouth gently opened. Its afferent neuron 
is in the mesencephalic nucleus of the trigeminal nerve, 
which is located in the midbrain (Figures 10- 1 and 10- 3).  
Unlike other tendon reflexes, which are monosynaptic with 
the afferent neuron situated in the sensory ganglion, the affer-
ent neuron of this particular monosynaptic reflex is situated 
in the brainstem. An afferent impulse generated by stretch of 
the masseter muscle spindle is conducted through the afferent 
axon of the mandibular nerve and is projected to the bipo-
lar neuron in the mesencephalic nucleus, where the impulse 
is reflected through its efferent axon and monosynaptically 
transmitted to the ipsilateral motor nucleus of the trigeminal 
nerve, which then causes contraction of the masseter.
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Figure 10- 2 Schematic illustration of somatotopic organization of the 
primary somatosensory cortex. Frontal view of the left hemisphere.
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Figure 10- 3 Schematic diagram showing nuclei of the trigeminal nerve 
(V) and neuronal circuits of the corneal reflex and the masseter reflex 
(jaw jerk).The polysynaptic reflex arc of the corneal reflex is shown in 
purple with the spinal tract (ST) projecting to the motor nucleus of the 
facial nerve (VII) via the spinal nucleus (SN). The monosynaptic reflex 
arc of the masseter reflex is shown in pink with the mesencephalic 
nucleus (Mes.N.) sending its efferent nerve to the ipsilateral motor 
nucleus of the trigeminal nerve (MN). MSN: main sensory nucleus, 
VI: abducens nerve.
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In patients with dysphagia and dysphonia or dysar-
thria, the jaw jerk is used to distinguish between bulbar 
palsy and pseudobulbar palsy (see Chapter  14- 7 for defi-
nition), because it is impossible to test the tendon reflex 
in the bulbar muscles such as soft palate and tongue (see 
Chapter 14- 1). Although the reflex center is located in the 
pons, enhancement of jaw jerk in those patients suggests 
pseudobulbar palsy due to bilateral lesions of the cortico-
bulbar tracts. However, in a condition in which the upper 
and lower motor neurons are both affected, as in amyo-
trophic lateral sclerosis, the jaw jerk might be enhanced 
with the presence of muscle atrophy of the tongue.

E .   N E U R A L  PA T h W A Y  O F   C O R N E A L   R E F L E x

The corneal reflex is a polysynaptic reflex with the tri-
geminal nerve forming its afferent arc and the facial nerve 
forming its efferent arc (see Chapter  11- 1A). An impulse 
generated in the nociceptive receptors of the cornea is 
conducted through the ophthalmic nerve to the spinal 
tract of the trigeminal nerve. Then an impulse arising from 
the spinal nucleus of the trigeminal nerve is conducted 
to the ipsilateral as well as the contralateral facial nucleus 
(Figure 10- 3). Thus, a nociceptive stimulus given to the cor-
nea of one eye causes the eyelid closure bilaterally.

The blink reflex, a reflex closely associated with the cor-
neal reflex, can be tested electrophysiologically by present-
ing an electric shock to the ophthalmic nerve (usually the 
supraorbital branch) and by recording the surface electro-
myogram (EMG) from the orbicularis oculi muscles (blink 
reflex). The initial response (R1) is recorded from the mus-
cle ipsilateral to the stimulus at a latency of about 10 ms, 
and the second response (R2) is recorded bilaterally at a 
latency of about 30 ms (see Kimura, 2013). As only R2 can 
be recognized on clinical observation, the corneal reflex is 
seen bilaterally in healthy subjects.

2.   ExAMINATION OF FUNCTIONS RELATED 
TO ThE TRIGEMINAL NERVE

A .   M O T O R   N E R V E

First, volume of the masticatory muscles (masseter and tem-
poral) should be observed by visual inspection and palpation. 
In case of atrophy of these muscles, the zygomatic bone of the 
affected side appears protruded. Even when the muscle atro-
phy is not visible, palpation of those muscles while clenching 
the teeth might disclose the atrophy on the affected side.

Next, the position of the jaw can be observed while the 
patient opens the mouth. In unilateral paralysis of the lat-
eral pterygoid muscle, jaw is deviated to the affected side 
upon the mouth opening because the muscle of the intact 
side pushes the jaw forward and downward. Furthermore, 
palpation of the jaw on both sides while the patient tries to 
shift the jaw laterally might disclose weakness of the lateral 
pterygoid muscle contralateral to the direction of shifting.

The temporal muscle and masseter are commonly 
affected in myotonic dystrophy. Because these muscles are 
bilaterally affected in this condition, the zygomatic bones 
appear bilaterally protruded (hatchet face). Early fron-
tal baldness is also commonly seen in this condition (see 
Chapter 16- 3F).

Trismus (Lockjaw)

When a patient complains of difficulty in opening the 
mouth, it could be the initial symptoms of tetanus. 
Therefore, trismus (lockjaw) of acute onset should be con-
sidered with caution. Tetanus is caused by a toxin produced 
by anaerobic bacteria Clostridium tetani. Infection occurs 
from an injury wound, and the toxin produced at the injury 
site is transported through the motor nerve axon to the 
spinal cord and brainstem, where inhibition is blocked by 
the toxin, leading to excessive activity of the motor neuron 
and severe spasm of the corresponding muscles. The motor 
nucleus of the trigeminal nerve is commonly affected in 
this condition, resulting in trismus. The trismus may con-
tinue and look like a smiling face (risus sardonicus). In the 
patient with tetanus, any external stimulus causes general-
ized muscle spasm and opisthotonus, an abnormal pos-
ture in which the trunk is markedly bent backward due to 
excessive spasm of the spinal muscles. It could be fatal and 
requires intensive treatment (see Chapter 29- 3).

Difficulty in jaw opening can be caused by local inflam-
matory as well as noninflammatory diseases of the tem-
poromandibular joints and peritonsillar or retropharyngeal 
abscess, but tetanus is the most important differential diag-
nosis from a neurological point of view.

Jaw- Winking Phenomenon

In this condition, chewing movements are associated 
with opening and closure of one eye (Marcus Gunn phe-
nomenon) (Box 14). Marcus Gunn in 1883 reported a  
15- year- old girl who had drop of the left upper eyelid, which 
quickly elevated when she opened the mouth or moved the 
jaw to the right (Marcus Gunn, 1883). The left upper eyelid 
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remained elevated as long as the patient kept the new posi-
tion of the jaw. However, voluntary opening of the left eye 
did not cause either opening of the mouth or deviation of 
the jaw. This phenomenon was noted about 5 weeks after 
birth and slightly improved at age 12 years. Regarding the 
mechanism underlying this phenomenon, Marcus Gunn 
postulated the presence of hypoplasia in the motor fibers of 
the left oculomotor nerve targeting at the levator muscle of 
the upper eyelid and its compensatory innervation by fibers 
of the left trigeminal nerve targeting the lateral pterygoid 
muscle, thus causing elevation of the upper eyelid upon vol-
untary contraction of the lateral pterygoid muscle (Box 14 
for discussion).

The Marcus Gunn phenomenon can be either congen-
ital or acquired, and its familial occurrence has also been 
reported. Marin Amat, a Spanish ophthalmologist, reported 
in 1919, in addition to a typical case of Marcus Gunn phe-
nomenon, a 56- year- old man with inverse Marcus Gunn 
phenomenon (Marin Amat syndrome) (Marin Amat, 
1919). That patient suffered from severe trauma on the 

left face resulting in atrophy of the left optic disc and right 
facial palsy and deafness, and 45 days later he was treated 
with palpebral suture for right lagophthalmos (failure to 
close eyelids) (see Chapter 11- 2A). About a year and a half 
later, it was noted that opening the mouth or shifting the 
jaw to the left closed the right eye. The right eye remained 
closed as long as the right lateral pterygoid muscle was kept 
contracted, and it was also accompanied by lacrimation 
and nasal discharge on the right. It was postulated that the 
motor fibers of the mandibular nerve and those of the facial 
nerve might have been misconnected.

B .   S E N S O R Y   N E R V E

Impairment of the sensory fibers of the trigeminal nerve 
causes numbness of the face and the anterior half of the 
scalp on the affected side. Pain, temperature, and tactile 
senses can be tested by using sterile pins, flasks filled with 
hot or cold water, and tissue paper, respectively. It is import-
ant to compare the two sides for each test. If any sensory 
abnormality is found, it is important to know the affected 
area of the skin precisely, so as to determine whether the 
abnormality is restricted to a region corresponding to any 
of the three branches or involves the whole unilateral face. 
It is useful to note that the ophthalmic nerve shares a bor-
der with the greater occipital nerve of cervical origin at the 
vertex of the head and that the mandibular nerve shares a 
border with the third cervical nerve at the chin. As the tri-
geminal nerve also innervates the mucosa of the oral cavity 
including the tongue, namely the maxillary nerve for the 
upper oral mucosa and the mandibular nerve for the lower 
oral mucosa, it is important to pay attention to the oral 
mucosa as well, including the teeth. Numbness of either half 
of the tongue suggests the impairment of the corresponding 
branch of the trigeminal nerve. Toothache is felt through 
either the maxillary nerve or the mandibular nerve.

Trigeminal Neuralgia

Shock- like shooting pain in the face is known as trigeminal 
neuralgia (tic douloureux). A  territory of the maxillary 
nerve is most commonly involved, but postherpetic neu-
ralgia is more common in the territory of the ophthalmic 
nerve. In neuralgia of the maxillary nerve, pain shoots up 
laterally from the maxilla toward the temple, and several 
beats of radiating pain tend to occur as a cluster. It is often 
triggered by stimulating the skin or mucosa (trigger zone). 
Trigeminal neuralgia is mostly considered to result from 
compression of the trigeminal nerve by tortuous branches 

BOX 14 MARCUS GUNN PhENOMENON

Regarding the hypothesis of possible misconnection between 

the motor fibers of the mandibular nerve targeting at the 

lateral pterygoid muscle and those of the oculomotor nerve 

targeting at the levator muscle of the upper eyelid, these two 

nerves or their nuclei are never located in any proximity. More-

over, if the above theory is correct, voluntary elevation of the 

upper eyelid is also expected to open the mouth, which is 

not the case.

In view of the fact that the mesencephalic nucleus is the 

only component of the trigeminal nerve located in the mid-

brain, Shimono et al. (1975) studied possible participation of 

the proprioceptive afferents from either the masseter or the 

lateral pterygoid muscle. Namely, the isometric contraction of 

the lateral pterygoid muscle induced by asking the patient to 

open the mouth while the jaw was fixed from below also ele-

vated the upper eyelid. This finding was interpreted to exclude 

participation of the stretch afferent from the masseter, but to 

suggest a proprioceptive afferent from the lateral pterygoid 

muscle through the group Ib fibers. It was thus postulated 

that fibers of the mesencephalic tract of the trigeminal nerve 

and fibers of the oculomotor nerve targeting at the levator 

muscle of the upper eyelid might be misconnected. However, 

a question as to why, among other fibers of the oculomotor 

nerve, only the nerve fibers targeting the levator muscle of 

the upper eyelid are affected remains to be solved.
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of the vertebrobasilar artery. Thus this type of neuralgia is 
common in the aged population. It is postulated that the 
pain is not directly caused by mechanical compression 
but is due to secondary demyelination of the nerve trunk. 
However, in view of the fact that surgical decompression of 
the nerve can remove the pain immediately, demyelination 
may not be the sole mechanism.

Trigeminal neuralgia may also occur in an intramedul-
lary brainstem lesion. In fact, multiple sclerosis is one of the 
common causes of trigeminal neuralgia in young subjects. 
It has been reported based on an MRI study that, among 
patients with trigeminal neuralgia, an organic lesion is 
found in about 15% (Gronseth et  al, 2008). Association 
of trigeminal neuralgia with Horner syndrome is known as 
paratrigeminal syndrome (Raeder syndrome) (Box 15).

C .   J A W  J E R K  ( M A S S E T E R  R E F L E x )

The jaw jerk is the only tendon reflex that can be tested 
for the muscles innervated by cranial nerves. To elicit this 
reflex, the jaw is tapped downward while the mouth is kept 
gently open (see Figure 17- 2a). The response can be seen as 
jaw elevation or masseter contraction. This reflex may not 
be very conspicuous even in healthy subjects, and therefore 
loss of this reflex cannot be confirmed clinically.

Enhancement of this reflex suggests hyperexcitability 
of motor neurons in the motor nucleus of the trigem-
inal nerve in the pons as a result of bilateral lesion of 
the corticobulbar tracts or of impairment of the upper 
motor neurons innervating those motor nuclei. In 
patients with bulbar symptoms such as dysphagia and 
dysphonia/ dysarthria, enhancement of jaw jerk serves as 
a supplementary evidence for pseudobulbar palsy (see 
Chapter 14- 7).

D.   C O R N E A L   R E F L E x

This reflex is generally tested only when it is judged nec-
essary from the history and other neurological findings. In 
order to elicit this reflex, a twisted string of tissue paper can 
be used to gently touch the cornea from the lateral visual 
field, and the response can be judged by observing closure 
of eyelids. Coming in from the lateral side, rather than from 
directly in front, reduces the chances of a visual response 
to the stimulus. Touching the sclera is not effective because 
there are no nociceptive receptors in the sclera. In patients 
who have too frequent blinks or who are unable to keep 
the eyes open, the eye to be stimulated is held open by the 
examiner and the response of the stimulus eye can be judged 
by observing contraction of the orbicularis oculi muscle in 
the other eye. The same technique can be used to examine 
comatose patients.

A similar reflex can be elicited by touching the cilia 
(eyelash) and may be called the “ciliary reflex,” but this ter-
minology is more properly used for the accommodation 
reflex of the ciliary muscle (see Chapter 8- 1). As the corneal 
reflex is more sensitive than the ciliary reflex, it should be 
tested even when the ciliary reflex is absent.

Loss of the corneal reflex suggests either impairment 
of the ophthalmic nerve of the stimulated side or bilateral 
paralysis of the orbicularis oculi muscles. When the corneal 
reflex is lost in one eye regardless of the side of stimulation, 
it suggests paralysis of the facial nerve on that side. In this 
case, spontaneous blinking is either incomplete or lost in 
the affected eye. Likewise, the blink reflex elicited by tap-
ping the glabella is either lost or slower on the side of the 
affected facial nerve.

As the trigeminothalamic tract ascends through the 
pontine tegmentum along the lateral edge, it can be affected 
by extramedullary compression (see Figure 5- 5). For exam-
ple, in a large cerebellopontine angle tumor like acoustic 
neurinoma compressing the pons, loss of the corneal reflex 
is an important sign in addition to sensorineural deafness 
and cerebellar ataxia.

BOX 15 RAEDER (PARATRIGEMINAL) SYNDROME

Raeder in 1924 reported five cases of neuralgia or sensory dis-

turbance in a territory of the trigeminal nerve associated with 

ipsilateral Horner syndrome (Raeder, 1924). The etiology was 

trauma in two cases, tumor of the middle cranial fossa in one, 

and undetermined in two. Motor fibers of the trigeminal nerve 

were also affected in one case, and optic neuropathy and ex-

ternal ophthalmoplegia were also seen each in two cases. The 

neuralgia most commonly affected the ophthalmic nerve. In 

all cases, responsible lesions were localized at or around the 

semilunar ganglion in the middle cranial fossa, and extended 

to the internal carotid artery to involve the sympathetic nerve 

fibers (see Chapter 8- 1). Regarding Horner syndrome in those 

cases, only ptosis and miosis were seen, but enophthalmos, 

conjunctival hyperemia, hypohidrosis (decreased sweating), 

and increased temperature of the facial skin were not present. 

This is considered to be due to the fact that the sympathetic 

fibers innervating those functions other than the eyelid eleva-

tion and pupillary dilation bifurcate before the internal carotid 

artery enters the cranial fossa.
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Enhancement of Blink Reflex

In some cases of degenerative diseases involving basal gan-
glia, blink reflex (glabellar tap reflex) may be exaggerated or 
may respond to repetitive stimuli continuously. This phe-
nomenon is called Myerson sign.

E .   P R I M I T I V E  R E F L E x E S

In patients with cerebral hemispheric lesions, especially 
with bilateral frontal lobe lesions, stimuli given to the skin 
or mucosa innervated by the trigeminal nerve may elicit 
reflexes that are seen only in infants (primitive reflex) 
(Schott & Rossor, 2003, for review). Gentle stroking of the 
upper lip will elicit a sucking movement in the lips (suck-
ing reflexes), and gentle tapping of the upper lip will elicit 
pouting of lips (snout reflex). Stimuli presented to the cor-
nea might elicit contraction in the mental muscles or even 
might move the jaw (corneomandibular reflex).

Other primitive reflexes may be elicited by stim-
ulating the skin of the upper extremity. Stroking the 
thenar aspect of the palm might cause contraction in 
the mental muscles (palmomental reflex). In extreme 
cases, this reflex might be induced by stroking the fore-
arm. Furthermore, forced grasping (Boxes 16 and 17) 

and utilization behavior (see Chapter  23- 1B) are also 
regarded as primitive reflexes. Primitive reflexes may be 
also induced by visual stimulus. For example, reaching 
out the examiner’s hand toward the patient’s face might 
make the patient open the mouth, or touching the cheek 
or just showing an object visually might make the patient 
reach out his/ her face and mouth toward the object 
(rooting reflex).
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BOX 16 FORCED GRASPING

In infants, stroking the palm or sole toward the tips causes 

flexion of the fingers or toes, which is called palmar grasp 

and plantar grasp, respectively. The grasp reflex disappears in 

adults, but may reappear in special pathological conditions. 

Forced grasping is considered to be an exaggerated state of 

this grasp reflex, but it might be overlooked unless specifical-

ly examined. In forced grasping of severe degree, the patient 

might forcefully grasp the caregiver’s hand or object and be 

unable to let it go, which will cause significant disability of dai-

ly living (Schott & Rossor, 2003, and Mestre & Lang, 2010, 

for review). This phenomenon is especially common in neu-

rodegenerative diseases presenting with parkinsonism and 

dementia, such as corticobasal degeneration and progressive 

supranuclear palsy (Mestre & Lang, 2010, for review). Forced 

grasping might also be seen in vascular lesions of the frontal 

lobe, in the hand contralateral to the lesion. Which structures 

of the frontal lobe are important for this phenomenon has not 

been precisely elucidated, but the supplementary motor area 

and the cingulate gyrus contralateral to the grasp have been 

incriminated. Forced grasping might be also seen in response 

to visual stimulus (forced groping).

BOX 17 hEAD RETRACTION REFLEx AND OPISThOTONUS

Touching the upper lip might cause retraction of the head. The 

head retraction reflex might be seen in neurodegenerative dis-

eases presenting with parkinsonism. Among others, this sign 

is especially common in progressive supranuclear palsy and 

corticobasal degeneration, but it has been reported also in pa-

tients with stiff- person syndrome and other related conditions 

(Berger & Meinck, 2003). Head retraction after tapping the 

nose is a feature of hereditary startle syndrome (hyperekplex-

ia). Opisthotonus seen in patients with stiff- person syndrome 

and tetanus may appear similar to the head retraction reflex, 

but in opisthotonus, not only the head but also the trunk is re-

tracted. In opisthotonus, therefore, the lower motor neurons of 

the whole body are considered to be hyperexcitable (see Chap-

ter 29- 3), while the neck extensors are selectively involved in 

the head retraction reflex.
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11.

FACIAL NERVE

T he seventh cranial nerve (facial nerve) contains four 
different groups of nerve fibers:  motor, somatosen-
sory, gustatory, and autonomic (parasympathetic).

1.   STRUCTURES AND FUNCTIONS

A .   M O T O R   N E R V E

The facial motor nucleus is located in the pontine tegmen-
tum, anterior and lateral to the abducens nucleus on each 
side. Its nerve fibers first run posteromedially toward the 
fourth ventricle and, after having encircled the abducens 
nucleus, they run anterolaterally and exit the pons through 
its lateral edge (see Figure  5- 2). In the cerebellopontine 
angle of the posterior cranial fossa, they enter the inter-
nal auditory meatus of the temporal bone, pass through 
the geniculate ganglion in the facial canal, and exit from 
the stylomastoid foramen (Figure 11- 1). After passing 
through the parotid gland, they separate to project to the 
frontal, orbicularis oculi, and orbicularis oris muscles and 
platysma. If the facial nerve is affected by infectious or 
autoimmune inflammation, these muscles are paralyzed to 
various degrees (Bell palsy) (Box 18).

When the facial nerve is in a hyperexcitable state, the 
orbicularis oculi muscle and/ or the orbicularis oris mus-
cle twitches repetitively or continuously, resulting in the 
eyelids closure or lateral upward pulling of the oral angle. 
This condition is called hemifacial spasm, which is, like 
trigeminal neuralgia (see Chapter  10- 2B), considered to 
be due to demyelination of the nerve fibers secondary to 
its compression by tortuous branches of the vertebrobas-
ilar artery. However, as this phenomenon is not due to 
direct compression by the arteries, the twitches seen in 
those muscles are not synchronous with cardiac pulsation. 
As the result of electrophysiological studies by stimulating 
the facial nerve and by recording the evoked EMG from 
the corresponding muscle (F- wave), motor neurons of the 

facial nucleus were shown to be hyperexcitable (Ishikawa 
et al, 2010). The spasms, however, may arise from ectopic 
activity in the demyelinated segment of the nerve.

In the facial canal, the facial nerve sends a branch also 
to the stapedius muscle, which acts to relieve tension of the 
tympanic membrane. In Bell palsy, therefore, the tympanic 
membrane becomes hypertensive, causing hyperacusis.

Somatotopic Organization of Motor Cortex  
and Its Face Area

The face area of the primary motor cortex (MI) is located 
at the lateral convexity of the precentral gyrus and, like the 
primary somatosensory cortex (SI), there is somatotopic 
organization in MI showing the upside down homuncu-
lus (Figure 11- 2). However, just like SI, the organization 
within the face area is not upside down, and the eye area 
is located dorsal to the mouth area. The MI is mostly 
located in the anterior wall (area 4) of the central sulcus, 
and at least for the face and hand areas, the crown of the 
precentral gyrus is occupied by the premotor area (area 6)  
(Figure 11- 3). For the upper part of the face, in addition 
to MI, the cingulate area sends a strong projection to the 
facial nucleus (Hanakawa et al, 2008).

Corticospinal tracts and corticobulbar tracts are made 
of nerve fibers directly projecting from the pyramidal tract 
cells of the MI and the premotor area. As for the nerve fibers 
originating from the supplementary motor area (SMA), at 
least as far as those projecting to the anterior horn cells 
related to the distal extremity muscles are concerned, they 
join the corticospinal tract via MI or the premotor area. 
Electrophysiologically, an electrical shock presented to the 
hand area of the MI or the premotor area evokes a phasic 
contraction in the contralateral hand muscle at a latency of 
20 ms, while an electric shock given to SMA evokes slow 
muscle contraction bilaterally. Thus, for the extremity mus-
cles, the MI and the premotor area innervate contralater-
ally and the SMA innervates bilaterally.
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B .   S O M A T O S E N S O R Y   N E R V E

Somatosensory fibers of the facial nerve transmit impulses 
arising from the skin of the inner aspect of the earlobe and 
the external auditory meatus. The primary sensory neuron 
is a bipolar cell of the geniculate ganglion (Figure 11- 1b). 
Its peripheral axon conducts impulses from the above skin 
area, and through the central axon, the nociceptive input 
is conducted through the spinal tract of the trigeminal 
nerve to its nucleus, while the tactile input projects to the 

main sensory nucleus of the trigeminal nerve. Nerve fibers 
originating from the secondary neuron cross and ascend 
through the trigeminothalamic tract to reach the VPM of 
the contralateral thalamus (see Chapter 10- 1).

When the geniculate ganglion is infected with vari-
cella zoster virus, the somatosensory fibers are primarily 
affected because varicella zoster virus has a strong affinity to 
the sensory ganglion. In this condition, a vesicular skin rash 
is observed in the inner earlobe and the external auditory 
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Figure 11- 1 Structures of the facial nerve (a) and magnified view of the geniculate ganglion to show fiber compositions in it (b).

Figure 11- 2 Somatotopic organization of the primary motor cortex.
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meatus associated with neuralgia, numbness, and sensory loss 
in that region (see Figure 3- 7). Motor fibers are also affected 
by inflammation in the geniculate ganglion, causing motor 
paralysis (Ramsay Hunt syndrome, Hunt syndrome). 
Although other conditions including deep palmar branch 
ulnar neuropathy, dyssynergia cerebellaris myoclonica, juve-
nile Parkinson disease, and dentato-rubro- pallido-luysian 
atrophy might also be referred to as Ramsay Hunt syndrome, 
only the geniculate zoster is called Ramsay Hunt syndrome 
in this book to avoid confusion.

C .   T A S T E   S E N S E

Special nerve fibers for taste sense conduct impulses from 
the anterior two- thirds of the tongue. The primary neuron 
is a bipolar cell in the geniculate ganglion. Impulses arising 
from the taste buds are conducted through the peripheral 
axon as the lingual nerve and chorda tympani into the genic-
ulate ganglion. The central axon conducts impulses to the 
solitary nucleus in the pontine tegmentum (Figure 11- 1,  
see also Figures 5- 3 and 5- 5). In Bell palsy, the facial nerve 
is usually affected central to the bifurcation of chorda tym-
pani from the facial nerve, thus involving the gustatory 
fibers, and therefore taste sense is lost in the anterior two- 
thirds of the tongue unilaterally.

The secondary gustatory fibers originating from the 
solitary nucleus project to the VPM of the thalamus, and 
the third fibers project to the tongue area of the SI and 
the anterior insula. In relation to this, some patients with 

mesial temporal lobe epilepsy complain of unusual taste as 
an aura. In addition, some fibers originating from the sol-
itary nucleus project to the salivatory nucleus, the dorsal 
motor nucleus of the vagus nerve and hypothalamus, and 
they control digestion in a reflexive way. Taste sense of the 
posterior third of tongue is innervated by the glossopharyn-
geal nerve (see Chapter 14- 3).

D.   L A C R I M A T I O N  A N D  S A L I V A T I O N

Parasympathetic efferent fibers of the facial nerve con-
trol secretion of the lacrimal gland and salivary gland. The 
nucleus innervating salivation is the superior salivatory 
nucleus situated in the pontine tegmentum, and that for 
lacrimation is the lacrimal nucleus. These two nuclei are 
attached together and may be considered as a single nuclear 
group (see Figure 5- 2). The preganglionic fibers emerging 
from the nucleus form the intermediate nerve and enter 
the facial canal as a part of the facial nerve (Figure 11- 1b).

The preganglionic fibers from the lacrimal nucleus 
bifurcate from the facial nerve just before they reach the 
geniculate ganglion and form the greater superficial petro-
sal nerve to project to the sphenopalatine ganglion. The 
postganglionic fibers emerging from the ganglion innervate 
the lacrimal gland (Figure 11- 1a). The neurotransmitter of 
the preganglionic fibers is acetylcholine for nicotinic recep-
tors and that of the postganglionic fibers is acetylcholine 
for muscarinic receptors. This system acts to facilitate lacri-
mation (Box 19).
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Figure 11- 3 Schematic illustration of the precentral gyrus to show the subareas of the motor cortices. MI: primary motor cortex, SI: primary 
somatosensory cortex, SMA: supplementary motor area, SEF: supplementary eye field, FEF: frontal eye field.
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The preganglionic fibers from the salivatory nucleus 
bifurcate from the facial nerve after it emerges from the 
geniculate ganglion and form the chorda tympani to proj-
ect to the submandibular ganglion (Figure  11- 1a). The 
postganglionic fibers emerging from the ganglion project to 
the sublingual gland and submandibular gland to facilitate 
salivation. The synaptic transmitters for this system are the 
same as for lacrimation.

In Bell palsy, if the inflammation involves the facial 
nerve before (proximal to) the bifurcation of the greater 
superficial petrosal nerve, the preganglionic fibers related 
to lacrimation are involved, which will cause loss of lacri-
mation. Furthermore, as the orbicularis oculi muscle is par-
alyzed to various degrees, it worsens the dryness of eyes and 
necessitates protection of the cornea and conjunctivae from 
excessive dryness. Theoretically, unilateral involvement of 

the facial nerve before the bifurcation of the chorda tym-
pani will cause loss of salivation on the affected side, but 
this is compensated for by the intact salivation of the oppo-
site salivary glands.

E .   PA R A S Y M PA T h E T I C  I N N E R V A T I O N  O F   FA C I A L 
S K I N  A N D   M U C O S A

In contrast with the sympathetic nervous system, the para-
sympathetic innervation of the facial skin and mucosa is 
not precisely known. However, it is most likely that the 
parasympathetic pathway goes through the facial nerve. 
If that is the case, lesion of the facial nerve is expected to 
show, contrary to Horner syndrome (see Chapter 8- 1), ane-
mic palpebral conjunctiva, decreased skin temperature, and 
decreased nasal discharge; however, these findings are not 
detected on routine clinical examination.

2.   ExAMINATION OF FUNCTIONS RELATED 
TO ThE FACIAL NERVE

Functions of the facial nerve can be examined by paying 
attention to the following five aspects.

A .   M O T O R  F U N C T I O N

First, it is important to observe the face closely, paying spe-
cial attention to possible asymmetry in the forehead fur-
rows, palpebral fissure, nasolabial folds, and level of oral 

BOX 18 ORBICULARIS ORIS MUSCLE AND ORBICULARIS 

OCULI MUSCLE

The orbicularis oris muscle is innervated by the contralateral 

motor cortex. By contrast, the orbicularis oculi muscle receives 

bilateral innervation, though with contralateral predominance, 

and the frontalis muscle is innervated equally by both hemi-

spheres. Moreover, for the upper part of the face, the cingulate 

gyrus sends a strong projection to the facial nucleus (Hanaka-

wa et al, 2008). Therefore, in facial palsy due to a cerebral 

hemispheric lesion, the orbicularis oculi muscle is involved 

much more mildly, if any, than the orbicularis oris muscle (cen-

tral facial paralysis). This is in strong contrast with a lesion of 

the facial nerve, which affects both muscles equally (peripheral 

facial paralysis). For the same reasons, if the face area of the 

MI is involved by an epileptogenic event, convulsion will involve 

the orbicularis oris muscle only contralaterally and the orbicu-

laris oculi muscle bilaterally. By contrast, when the facial nerve 

is involved by abnormal discharge, as in hemifacial spasm, 

both the orbicularis oris and orbicularis oculi muscles of the 

affected side show contractions.

In patients with past history of Bell palsy, voluntary con-

traction of the orbicularis oris muscle is often associated with 

cocontraction of the orbicularis oculi muscle (synkinesis). This 

is considered to result from misconnection between the nerve 

fibers innervating the orbicularis oris muscle with those inner-

vating the orbicularis oculi muscle during recovery from the 

inflammatory demyelination. In patients with persistent synki-

nesis following Bell palsy, the oral angle of the involved side 

may appear pulled up laterally, and it may look as if the other 

side might be paralyzed.

BOX 19 CROCODILE TEARS SYNDROME

Some patients who have recovered from Bell palsy might com-

plain of tearing from the affected eye just when looking at food. 

This is considered to result from abnormal connections be-

tween the preganglionic fibers related to lacrimation and those 

related to salivation during recovery from acute inflammation. 

Physiologically, it is considered to be due to nonsynaptic trans-

mission of impulses between the different groups of nerve fi-

bers (ephaptic transmission). It is natural for presentation of 

food to induce salivation, but in this condition, called crocodile 

tears syndrome, lacrimation is also induced as a result of the 

erroneous transmission of impulses. The reason why this phe-

nomenon is named after crocodile tears remains a mystery, but 

there is some tradition that crocodiles distract other animals 

by showing tears to catch them. Recently, it has been demon-

strated that crocodiles actually do tear when eating.
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angles. In peripheral facial paralysis, the furrows in the fore-
head look shallower on the affected side, and weakness of 
the frontal muscle can be confirmed by asking the patient to 
raise the eyebrows. The palpebral fissure on the affected side 
may be larger due to paralysis of the orbicularis oculi mus-
cle. Complete failure to close the eyelids is called lagoph-
thalmos. It should be kept in mind, however, that, in the 
chronic stage of Bell palsy, the palpebral fissure may be even 
smaller on the affected side due to abnormal electric dis-
charge of the facial nerve causing repetitive or continuous 
contraction of the orbicularis oculi muscle. Furthermore, 
attempt to contract the orbicularis oris muscle may narrow 
the palpebral fissure of the affected side due to synkinesis of 
the orbicularis oculi muscle (Box 18).

It is also important to pay attention to blinks. In uni-
lateral facial nerve palsy, blinks might decrease in ampli-
tude and speed, and may even be completely absent on the 
affected side. When the patient is asked to close the eyes 
tight, cilia on the affected side might protrude forward  
(ciliary sign). Furthermore, the blink reflex elicited by tap-
ping the glabella may be incomplete, slower or even absent 
on the affected side.

When the orbicularis oris muscle is paralyzed, the naso-
labial fold is shallower and the oral angle might be lower on 
the affected side compared with the intact side. However, 
since even healthy subjects might show some asymmetry 
in the nasolabial folds and oral angles, their asymmetry 
has to be confirmed by muscle testing and other accompa-
nying signs. Strength of the orbicularis oris muscle can be 
tested by asking the patient to move the mouth to various 
directions, whistle, and blow. If the patient is asked to pro-
nounce a long ‘i’ sound, contraction of the platysma can be 
observed in the neck.

Paralysis of the stapedius muscle can be tested by 
checking hearing with a tuning fork. The hearing thresh-
old is decreased because the paralyzed stapedius muscle 
cannot relieve the tension of the tympanic membrane 
(hyperacusis).

Central Facial Paralysis and Peripheral Facial Paralysis

In most cases, distinction of the central versus peripheral 
facial paralysis is not difficult from the history and the 
accompanying symptoms and signs. In case the motor paral-
ysis is restricted to unilateral face without involving extrem-
ities, relative impairment of the orbicularis oris and oculi 
muscles provides a clue for the distinction. Paralysis of the 
orbicularis oris muscle with no associated paralysis, or only 
mild if any, of the orbicularis oculi muscle usually suggests 
central facial paralysis, because the upper facial muscles 

are bilaterally innervated from the motor cortex and proba-
bly also because the facial subnucleus corresponding to the 
upper part of face receives projection from the cingulate 
motor area (Hanakawa et al, 2008) (Box 18).

Unilateral involvement of all facial muscles suggests 
a peripheral facial paralysis. Theoretically, there is no 
stretch reflex in the orbicularis oris muscle, because muscle 
spindles are not known to exist in this muscle. However, 
tapping the lips occasionally cause a twitch in the muscle. 
Like the blink reflex (see Chapter 10- 1), this reflex is con-
sidered to be a polysynaptic reflex in response to activation 
of the skin receptors. On some occasions, it is also difficult 
to distinguish it from the snout reflex. In peripheral facial 
paralysis, all these reflexes are expected to be lost.

In central facial paralysis, it is often associated with 
deviation of the tongue to the side of facial paralysis when 
voluntarily protruded, because the mouth and the tongue 
areas are represented close to each other both in the motor 
cortex and the corticobulbar tracts (Box 20, see Box 22).

Crossed Hemiplegia of Facial Muscle

A combination of unilateral peripheral facial paralysis with 
contralateral hemiplegia is called Millard- Gubler syn-
drome, and further addition of lateral gaze palsy to the side 
of facial palsy is called Foville syndrome (see Table 8- 1). 
Both conditions are crossed syndromes due to an intramed-
ullary lesion in the pons (Silverman et al, 1995, for review). 
Millard in 1856 reported autopsy findings of one of two 
cases reported by Senac and a case reported by Poisson in 

BOX 20 BILATERAL FACIAL PARALYSIS

Bilateral peripheral facial paralysis is not very common, but if 

it is seen, the following causes are considered. Bilateral pe-

ripheral facial paralysis of acute or subacute onset suggests 

systemic conditions including sarcoidosis, Lyme disease, and 

leprosy. In sarcoidosis, the facial nerves are involved by granu-

lomatous inflammation. Both facial nerves may be affected si-

multaneously or independently, one after the other. Association 

of facial nerve palsy with uveitis and parotid swelling is known 

as Heerfordt disease. Lyme disease is caused by infection with 

a spirochete Borrelia burgdorferi, which is mediated by tics. 

In facial palsy due to tuberculoid leprosy, the frontal and or-

bicularis oculi muscles are commonly involved. As described 

in Chapter  9- 5B, congenital bilateral facial nerve paralysis  

(Möbius syndrome) is due to hypoplasia of the corresponding 

neurons in the facial motor nucleus.
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the Bulletin of the Anatomical Society of Paris, and ascribed 
the former combination to a pontine hemorrhage (Millard, 
1856). Foville in 1858 reported a 43- year- old man with 
possible pontine hemorrhage manifesting the latter combi-
nation (Foville, 1858). He postulated the presence of some 
mechanism in the pons that controls abduction of one eye 
and adduction of the other eye. There was no concept of 
lateral gaze center at that time.

Mimetic Muscles

Mimetic muscles employed for laughing and crying are also 
involved in peripheral facial paralysis, but are not much 
impaired in central facial paralysis. Facial muscles related to 
emotional expression might be also controlled by the basal 
ganglia, hypothalamus, and cingulate gyrus, either directly 
or indirectly. In fact, those muscles are affected in basal gan-
glia disorders, and the facial expression is lost contralateral 
to the lesion. A mask- like face is often seen in patients with 
Parkinson disease.

B .   S O M A T O S E N S O R Y  F U N C T I O N

If there is any possibility of herpes zoster infection as a 
cause of peripheral facial paralysis, it is important to look 
for vesicular rash on the skin of the inner earlobe and the 
external auditory meatus (Ramsay Hunt syndrome). It is 
usually associated with sensory impairment in that region.

C .  T A S T E   S E N S E

Loss of taste sense (ageusia) is noticed by the patient only 
when the taste buds are totally damaged as in the case of 
side effects of drugs and zinc deficiency. Unilateral loss of 
taste sense due to a facial nerve lesion can be detected by 
comparing the taste sense between two sides of the ante-
rior two- thirds of the tongue. Taste sense can be tested by 
touching each side of the tongue with a wet swab soaked 
in salt or sugar, while the tongue is gently protruded. The 
patient is asked to show by hand if the taste is felt and to 
tell later what kind of taste it was. Then the other half of the 
tongue is tested after washing out the mouth.

D.   L A C R I M A T I O N  A N D  S A L I V A T I O N

In unilateral peripheral facial paralysis the patient often 
complains of dryness in the affected eye. This is tested by 
measuring the volume of tears with a piece of filter paper 

placed on the lower eyelid (Schirmer test). In Bell palsy, 
as described above, dryness of the affected eye becomes 
even worse due to paralysis of the orbicularis oculi mus-
cle. In the recovery phase from Bell palsy, the crocodile 
tears syndrome (Box 19) may be confirmed by the his-
tory taking or by actual observation while the patient is 
eating.

Dryness in the mouth is a complaint of a patient with 
a sicca syndrome like Sjögren syndrome and Mikulicz 
syndrome. In this case, eyes are also found to be dry. In 
unilateral lesion of the facial nerve, unilateral loss of sal-
ivation is never noticed by the patient because of normal 
salivation from the intact side and also because of the intact 
glossopharyngeal nerve, which innervates salivation of the 
parotid gland (see Chapter 14- 4).

E .   FA C I A L  S K I N  A N D   M U C O S A

In relation to the autonomic nervous functions, attention 
might be paid to the color of the facial skin, palpebral 
conjunctiva, and oral mucosa, and temperature and mois-
ture of the facial skin. In Horner syndrome, conjunctival 
hyperemia, decreased sweating, and elevated temperature 
might be observed on the affected side (see Chapter 8- 1). 
In peripheral facial paralysis, although the parasympa-
thetic fibers are considered to be contained in the facial 
nerve, abnormalities of the skin and mucosa are not usu-
ally observed. Occasionally, peripheral facial paralysis 
might be accompanied by edema of the ipsilateral tongue 
and face (Melkersson- Rosenthal syndrome) (Hallett & 
Mitchell, 1968).
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12.

AUDITORY FUNCTION

1.  STRUCTURES OF  
ThE AUDITORY PAThWAY

Receptors of auditory sense are hair cells in the organ 
of Corti of the cochlea. The primary neuron is a bipolar 
cell in the spiral ganglion, and its peripheral axon is very 
short. Its central axon (cochlear nerve or acoustic nerve) 
forms, together with the vestibular nerve, the eighth cra-
nial nerve (vestibulocochlear nerve), which passes medi-
ally through the internal auditory meatus to enter the 
cerebellopontine angle in the posterior cranial fossa and 
enters the lateral posterior part of the medulla oblongata 
(Figure 12- 1). The secondary neuron is in the dorsal and 
ventral cochlear nucleus, located in the upper lateral part 
of the medullary tegmentum.

Most of the secondary nerve fibers originating from the 
ventral cochlear nucleus run ventrally, and after crossing in 
the trapezoid body, they go through the contralateral supe-
rior olive to form the lateral lemniscus (Figure 12- 2). 
Some fibers form synaptic connections to the tertiary neu-
rons in the superior olive and ascend through the lateral 
lemniscus. Some fibers from the ventral cochlear nucleus 
also project to the ipsilateral superior olive, and the ter-
tiary fibers from there join the ipsilateral lateral lemniscus. 
The lateral lemniscus projects to the inferior colliculus 
in the midbrain. The secondary fibers originating from the 
dorsal cochlear nucleus cross in the tegmentum and join 
the contralateral lateral lemniscus. Some of the third or 
fourth order neurons originating from the inferior collic-
ulus send their axons to the ipsilateral medial geniculate 
body, and the fibers of the other group cross and project to 
the contralateral medial geniculate body. The fibers orig-
inating from the medial geniculate body project through 
the acoustic radiation of the cerebral white matter to the 
ipsilateral auditory cortex (Heschl gyrus) located in the 
inferior bank of the sylvian fissure (Figure 12- 2).

As the auditory pathways cross partially at the upper 
part of the medulla oblongata, and again partially after 
the inferior colliculus, each auditory cortex receives the 

input from both ears. However, based on studies using 
magnetoencephalography and neuroimaging tech-
niques, it is known that the input to the auditory cor-
tex from the contralateral ear is greater compared to the 
ipsilateral ear. In sensory systems in general, it is the ter-
tiary neurons that project to the cortical receptive areas, 
but in the auditory system, it is mediated by more than 
three steps.

Brainstem Auditory Evoked Potentials

Based on the concept of far- field potentials, which can 
be recorded from the electrodes placed on the head sur-
face, it is possible to follow the conduction of auditory 
impulses through the brainstem pathways noninvasively. 
In brainstem auditory evoked potentials (BAEPs), seven 
small surface- positive peaks can be identified within 10 
ms after presentation of a click stimulus (Figure 12- 3). 
The generator sources of those peaks are postulated to be 
the acoustic nerve for peak I, acoustic nerve or cochlear 
nucleus for II, superior olive for III, lateral lemniscus for 
IV, inferior colliculus for V, medial geniculate body for VI, 
and auditory radiation for VII. The BAEPs are used as a 
method to assess the integrity of parts of the brainstem, 
including confirmation of loss of brainstem functions in 
possible cases of brain death (see Chapter 29- 6).

Cognitive Functions Related to the Auditory Sense

By magnetoencephalographic studies, tonotopic organi-
zation was demonstrated in the primary auditory cortex. 
Namely, the auditory input is received in sequentially 
different areas of the cortex depending on its frequency. 
Spatial perception of auditory input or the information 
as to where a sound has come from is achieved based on a 
subtle difference in the arrival time of the sound to both ears 
and consequently on a subtle difference in the arrival time 
of impulses to the cortices on both sides. Regarding selec-
tive attention, if special attention is paid to a particular 
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voice among others at a party, that voice can be heard even 
in noisy circumstances. This so- called cocktail party effect 
has been shown to occur also in the primary auditory cor-
tex (see Box 87). Thus, the primary auditory cortex plays an 
important role in the cognitive auditory functions.

2.   ExAMINATION OF AUDITORY FUNCTION

Hearing of each ear is tested by using, for example, a vibrat-
ing tuning fork. If hearing is decreased in one ear, the Weber 
test can be done by placing a vibrating tuning fork on the 
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Vestibulocochlear nerve

Internal auditory meatus

Semicircular canal
Utricle

Saccule
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Figure 12- 1 Schematic diagram to show the neural pathways of auditory and vestibular senses. MLF: medial longitudinal fasciculus, V: trigeminal nerve.
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Figure 12- 2 Central pathway of the auditory sense. (Modified from Brodal, 2010, 
with permission)
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midline forehead and by asking the patient to judge on 
which side he/ she hears the sound of the tuning fork. For 
this test, it is important to specify in which ear the patient 
hears, but not on which side he/ she feels the vibration of 
the tuning fork. If the patient hears on the side of hearing 
loss, it suggests conductive deafness. In that case, the tym-
panic membrane should be checked. If the patient hears on 
the intact side, it suggests sensorineural deafness. As some 
patients might predict that they should be able to hear on 
the intact side, if there is any question as to the results of 
Weber test, they should be well informed that they might 
hear more on the affected side. If some question still remains 
in the interpretation of the results, it is useful to mask one ear 
and confirm that it is heard on the masked side. Sometimes, 
this maneuver might help obtain some clue to possible diag-
nosis of psychogenic disorders. In case of bilateral hearing 
loss, the Weber test can be still applied. If the patient hears 
the tuning fork better on the more severely affected side, it 
suggests conductive deafness, and vice versa.

Alternatively, a vibrating tuning fork can be placed on 
the retroauricular part of the temporal bone to compare 
bone conduction to air conduction (Rinne test). The bone 
conduction is preserved in conductive deafness whereas, in 
sensorineural deafness, both air conduction and bone con-
duction are lost.

As described in Chapter 10- 2D, if unilateral sensorineu-
ral deafness is associated with cerebellar ataxia and loss of 

the ipsilateral corneal reflex, it suggests acoustic neurinoma 
occupying the cerebellopontine angle, compressing 
the pons.

Tinnitus

Tinnitus is a common complaint related to hearing distur-
bance. Sound produced intracranially can be heard contin-
uously or intermittently in one ear or in both ears. Usually 
it is heard only in the patient’s own ears, but occasionally 
it can be heard by other nearby people. Causes of the lat-
ter condition include disturbance of intracranial blood 
circulation, some types of palatal tremor, or abnormalities 
of temporomandibular joints. Subjective tinnitus occurs 
in organic disorders of any of the outer, middle, and inner 
ears, and any part of the auditory pathway, but it is partic-
ularly common in association with sensorineural deafness. 
However, tinnitus is extremely rare in disorders of the cen-
tral nervous system even if the auditory pathway is involved. 
Unilateral tinnitus might be an initial symptom of acoustic 
neurinoma.

Sensorineural Deafness

Sensorineural deafness is caused by a number of conditions. 
It may be seen as a sequel of inflammatory diseases such 
as meningitis, mumps, and syphilis. It may be also seen in 
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Figure 12- 3 Auditory evoked potentials (AEP) in response to click stimulus (arrow). In the cortical AEP shown on the top, the initial impulse arrives at the 
cortex at latency of about 17 ms (arrowhead). The brainstem AEP shown on the bottom is generated in deep structures but can be recorded from the 
electrodes placed on the scalp as far- field potentials due to volume conduction. See text for the generator source of each peak.
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drug intoxication, organic mercury poisoning (Minamata 
disease), and Ménière disease. A typical case of progressive 
unilateral sensorineural deafness is acoustic neurinoma.

In some neurodegenerative diseases, sensorineural deaf-
ness may be seen as one of its cardinal symptoms. Among 
others, Refsum disease (heredopathia atactica polyneu-
ritiformis due to phytanic acid oxidase deficiency) and 
Kearns- Sayre syndrome (see Box 57)  are well known. 
Susac syndrome occurs in women of age 20– 40 years, and 
is characterized by acute encephalopathy with headache 
and psychiatric symptoms, occlusion of retinal arteries, and 
sensorineural deafness. In some cases of Susac syndrome, 
cranial MRI shows a white matter change like acute dissem-
inated encephalitis, probably suggesting an autoimmune 
disorder (Rennebohm et  al, 2008, for review). In Susac 
syndrome, retinal pathology can be detected by spectral- 
domain optical coherence tomography (Ringelstein et  al, 
2015). Superficial siderosis occurs in the aged population 
and is characterized by progressive bilateral sensorineural 
deafness, cerebellar ataxia, and pyramidal signs (Kumar 
et al, 2009; Vernooij et al, 2009). This condition is thought 
to be due to repetitive subarachnoid hemorrhage of mild 
degree or amyloid angiopathy.

Auditory pathways may be involved by intramedul-
lary lesions of the brainstem, but as the input arising from 
each ear ascends bilaterally in the brainstem, this does not 
manifest hearing deficit in the clinical setting. As the lat-
eral lemniscus ascends through the lateral part of the pons, 
its bilateral involvement is rarely encountered. Bilateral 
involvement of the lateral lemniscus may occur in a massive 
pontine lesion, but in that case the patient may not be in a 
sufficiently alert condition for the hearing test.
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13.

SENSE OF EQUILIBRIUM

1.  STRUCTURES AND FUNCTIONS OF ThE 
PAThWAYS RELATED TO EQUIL IBRIUM

Receptors of the sense of equilibrium are hair cells located 
in the semicircular canals, saccule, and utricle of the lab-
yrinth. The semicircular canals receive input related to 
rotatory acceleration of head, and the saccule and utricle 
receive input related to the position and rectilinear accel-
eration of head. Among the latter two receptors, the sac-
cule is sensitive to the acceleration of gravity while the 
utricle is sensitive to horizontal acceleration. For example, 
when riding a roller coaster, sudden acceleration forward 
is received by the utricle, and when taking an elevator, sud-
den vertical acceleration is received by the saccule.

The primary neuron of the vestibular system is a bipo-
lar cell located in the vestibular ganglion (Scarpa’s gan-
glion). Its peripheral axon conducts impulses from the 
receptors to the central axon (vestibular nerve), which, 
along with the cochlear nerve, passes through the internal 
auditory meatus. In the posterior cranial fossa, they enter 
the dorsolateral tegmentum of the medulla oblongata and 
project to the vestibular nuclei (vestibular complex) (see 
Figure 12- 1).

The vestibular complex is made of four nuclei: medial, 
lateral, upper, and inferior. Most nerve fibers originating 
in the semicircular canals project to the superior vestib-
ular nucleus and the rostral part of the medial vestibular 
nucleus. Nerve fibers originating in the saccule and utricle 
mainly project to the lateral vestibular nucleus (Deiters 
nucleus). In addition, the vestibular complex receives 
input from the spinal cord, brainstem reticular formation, 
superior colliculus, and flocculus, nodulus, and anterior 
lobe of the cerebellum.

The secondary nerves originating in the vestibular 
complex ascend through the ipsilateral vestibulothalamic 
tract in the medial brainstem (Yang et al, 2014) and they 
project to the ventral posterolateral nucleus of thalamus 
(VPL), from which the tertiary nerves project to the 

cortex. Based on the results of evoked potential recording 
and direct stimulation study, the cortical receptive areas of 
the vestibular input are postulated to be a region posterior 
to the face area of the postcentral gyrus and the parietal 
insular vestibular cortex located in the junction between 
the parietal lobe and insula (Mazzola et al, 2014). In rela-
tion to this, some patients with temporal lobe epilepsy 
complain of vertigo as an aura (vertiginous seizure, epi-
leptic vertigo) (Tarnutzer et al, 2015, for review).

In addition to the above pathways directly related to 
the sense of equilibrium, nerve fibers originating in the 
vestibular complex also project to motor nuclei targeting 
the extraocular muscles, cerebellum, and anterior horn of 
the spinal cord. Those fibers targeting at the spinal cord 
originate mainly in the lateral nucleus and form the lat-
eral vestibulospinal tract, which projects to the α and γ 
motor neurons at the anterior horn. The vestibulospinal 
tract is considered to give a facilitatory effect on the mus-
cle tone of extensors. This pathway is considered to be sig-
nificant in the pathophysiology of decerebrate posture 
and decerebrate rigidity seen in tentorial herniation. 
Namely, as the inhibitory pathway projecting to the ves-
tibular complex is impaired due to midbrain compres-
sion, it disinhibits the facilitatory vestibulospinal input 
to the extensor muscles, causing the extensor posture in 
all extremities (see Chapter  29- 5C). If the herniation 
progresses to compress the lower brainstem, the vestib-
ular complex itself is also damaged, resulting in total loss 
of muscle tone.

Nerve fibers related to eye movements originate mainly 
in the superior and medial vestibular nuclei. Most of them 
ascend through the ipsilateral medial longitudinal fascic-
ulus (MLF), but some fibers cross and ascend through the 
contralateral MLF (see Chapter  9- 2). In addition, some 
other fibers form synaptic connection to the tertiary neu-
rons in the ipsilateral as well as contralateral paramedian 
pontine reticular formation (PPRF) and then join the 
MLF. The latter pathway controls conjugate lateral gaze.
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The vestibulocerebellar tract originates from the medial 
and inferior (descending) vestibular nuclei and projects via 
the inferior cerebellar peduncle to the vestibulocerebellum 
(see Figure  16- 18). This pathway plays an important role 
in the control of equilibrium. Some patients with localized 
cerebellar lesion may complain of vertigo, most likely due to 
involvement of the vestibulocerebellum.

2.   ExAMINATION OF ThE SENSE 
OF EQUIL IBRIUM

Whenever a patient complains of “dizziness,” it is important 
to judge whether it is vertigo in the narrow sense or dizzi-
ness in general (Figure 13- 1). Dizziness is a common symp-
tom in patients having syncope. It is usually described as a 
feeling of fainting or even blackout in a severe case. A vari-
ety of systemic conditions can cause dizziness, including 
cardiovascular insufficiency, postural hypotension, pulmo-
nary diseases, and severe anemia (see Table 4- 1).

By contrast, vertigo is commonly associated with oscil-
lopsia because of the presence of nystagmus. Oscillopsia 
is a phenomenon in which the patient sees the visual scene 
moving, and with vertigo, it might be rotating. If it is accom-
panied by tinnitus or hearing disturbance, it suggests vertigo 
rather than pre- syncope. This is because the vestibular path-
way and the cochlear pathway are anatomically close to each 
other all the way from the inner ear to the brainstem nuclei. 
A typical example is Ménière disease, which presents with 
attacks of vertigo and slowly progressive sensorineural hear-
ing disturbance due to dysfunction of the labyrinth.

Benign paroxysmal positional vertigo is a common 
disease that is characterized by vertigo of sudden onset trig-
gered by changing the head position, especially upon awak-
ening in the morning. Vertigo in this condition lasts for 
several hours to several days and tends to relapse frequently. 
Its commonest cause is considered to be a fall of an otolith 
(small stone) from the utricular macula into the space of 
posterior semicircular canal, which produces the flow of 
endolymph and pathologically excites the cupula ampularis. 
As it often resists drug treatment, various maneuvers have 
been applied to restore the otolith position (Epley maneu-
ver) (Fife et al, 2008; Kerber et al, 2012; Kim et al, 2012).

Vertigo is a common symptom encountered in an isch-
emic condition of vertebrobasilar artery territory, espe-
cially in the lateral medullary syndrome (Wallenberg 
syndrome) (see Box 21). Wallenberg syndrome is commonly 
caused by infarction in the territory of the posterior inferior 
cerebellar artery, but vertigo is also seen in infarction of the 
territory of the anterior inferior cerebellar artery. By contrast 
with Wallenberg syndrome, the latter infarction is character-
ized by peripheral facial paralysis and hearing deficit of the 
affected side in addition to vertigo. As the fibers targeting at 
the solitary nucleus are not affected in this case, the periph-
eral facial paralysis is not associated with loss of taste.

Examination of vestibular functions depends on the his-
tory and other accompanying signs. If the vestibular system 
is expected to be impaired, detail examination is needed. 
The most essential test of vestibular functions is observa-
tion of the standing posture and gait, which may be done 
after other neurologic examinations are completed (see 
Chapter 21).

“Dizziness”

Vertigo

Yes No

Peripheral Central

Tinnitus, deafness

Faintness

1. Precipitating factors
2. Cardiovascular abnormality
3. Orthostatic hypotension
4. Pulmonary diseases
5. Hematological diseases

Figure 13- 1 Flow chart used for the diagnosis of “dizziness.” It is practical to distinguish faintness and vertigo.
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In the standing position, the trunk may be tilted, usu-
ally toward the side of the affected vestibular system. Upon 
walking or on tandem gait, the body tends to fall to the 
affected side (body lateropulsion, axial lateropulsion). 
In a medullary lesion like Wallenberg syndrome, the latero-
pulsion occurs on the affected side, but in a lesion of the 
paramedian region of the rostral midbrain, it occurs on the 
side contralateral to the lesion. In Wallenberg syndrome, 
lateropulsion may be also observed in the eye movement 
(saccadic lateropulsion). Namely, lateral saccadic move-
ment of the eyes to the affected side causes their overshoot, 
and upon the vertical saccadic movement, the eyes may be 
pulled toward the affected side during the saccade.

If stability of the trunk position could be confirmed even 
with the eyes closed, then the past pointing test may be done. 
With the eyes closed in the standing position, the patient is 
asked to hold his/ her arms straight ahead so that each hand 
can touch the examiner’s opposing hand, and after raising 
both arms above, to return them to touch the examiner’s 
hands again. Deviation of the patient’s arms to either side 
is called past pointing, and usually it deviates to the side 
of the affected vestibular system. If a Bàràny chair (a chair 
used for turning the patient for testing vestibular function) 
is available, it might be used to induce vertigo and nystag-
mus. If a Bàràny chair is not available, it may be possible to 
ask the patient to turn around in the standing position, but 
this maneuver should be avoided in order to prevent falling.

Vestibular Nystagmus

Close observation of nystagmus is very important for test-
ing vestibular functions. Rotatory nystagmus and posi-
tional nystagmus are suggestive of vestibular dysfunction.

During bedside testing of vestibular functions, the first 
thing to do is to see whether there is any involuntary move-
ment in the eyes in the primary spontaneous position. Then 
in the supine position, with the head tilted either up by 30 
degrees or down by 60 degrees, the presence or absence of 
nystagmus is checked. If there is no nystagmus induced in 
the above positions, then the patient is requested to do lat-
eral gaze to either side in each of the head positions. Then 
with the head returned to the original flat position, the 
patient is asked to take the recumbent position on each side, 
to see whether any vertigo or nystagmus is induced or not.

Some patients with cervical spondylosis may complain 
of vertigo when rotating the head on either side. In this case, 
the vertebral artery might be compressed during its passage 
through the transverse foramen at the upper cervical level, 
and this may cause vertigo as a result of ischemia. Vertigo 

and/ or consciousness disturbance induced by the head 
rotation is known by the name of bow hunter’s stroke. 
Vestibular nystagmus is usually enhanced by blocking fix-
ation, such as closing the eyes or applying Frenzel glasses 
(lenses for inhibiting fixation), which is contrary to con-
genital nystagmus (see Chapter 9- 5D).

Caloric Test

The most objective test of vestibular function available at the 
bedside is the caloric test, although its execution requires some 
expertise. With the patient placed in a supine position with 
the head extended by 60 degrees, 100 to 200 mL of cold water 
(or 5– 10 mL of ice water) is injected into the external auditory 
meatus while the patient is asked to indicate as soon as vertigo 
or nausea is felt, and the induced nystagmus is observed. In 
healthy subjects, this procedure induces nausea and horizon-
tal nystagmus with the quick phase directed toward the side 
contralateral to the injection. If the vestibular system is totally 
damaged, neither nausea nor nystagmus is induced. In case of 
mild impairment, the response to stimulation of the affected 
side is weaker compared with the intact side. If only nausea is 
induced while no nystagmus is induced, it might be due to 
external ophthalmoplegia or lateral gaze palsy.

In case of abnormally enhanced excitability of the ves-
tibular system, the response to the water injection might 
occur earlier and stronger as compared with the intact side. 
The caloric test is one of the most valuable tests in the diag-
nosis of brain death as it is a very good probe for brainstem 
function (see Chapter 29- 5C).
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14.

SWALLOWING, PhONATION, AND ARTICULATION

1.  INNERVATION OF SWALLOWING, 
PhONATION, AND ARTICULAT ION

The final common pathway related to swallowing (deglu-
tition), phonation (vocalization), and articulation are the 
ninth cranial nerve (glossopharyngeal nerve), the tenth 
cranial nerve (vagus nerve), and the twelfth cranial nerve 
(hypoglossal nerve).

A .   G L O S S O P h A R Y N G E A L  N E R V E  
A N D  V A G U S   N E R V E

The motor nucleus of the glossopharyngeal and vagus 
nerves is the nucleus ambiguus, located in the center of 
the tegmentum of the medulla oblongata on each side (see 
Figure 5- 3). These two nerves pass behind the spinal tract 
of the trigeminal nerve and exit the medulla oblongata 
from its lateral edge. Then they exit the posterior cranial 
fossa through the jugular foramen just lateral to the fora-
men magnum (see Figure 8- 2).

As motor fibers of the glossopharyngeal nerve control 
swallowing and phonation by innervating the soft pal-
ate and pharyngeal muscles, their bilateral lesion causes 
marked nasal voice (rhinolalia) and dysphagia. In a uni-
lateral lesion of the glossopharyngeal nerve, the soft pal-
ate of the affected side appears as a curtain because of its 
paralysis (curtain sign), and the uvula is pulled toward 
the intact side. Nasal voice and dysphagia can be quite 
severe even in unilateral bulbar palsy, as in Wallenberg 
syndrome (Box 21, Figures 14- 1, 14- 2 and 14- 3).

Motor fibers of the vagus nerve innervate not only 
pharyngeal muscles but also laryngeal muscles, including 
the vocal cord. In a severe unilateral lesion of the vagus 
nerve, both abductor and adductor muscles of the vocal 
cord are paralyzed so that the affected vocal cord becomes 
immobile and fixed in the intermediate position, causing 
hoarseness or aphonia, and even difficulty in breathing. 
As the recurrent laryngeal nerve innervates all laryngeal 
muscles other than the cricothyroid muscle, its unilateral 

lesion causes hoarseness, but it could well be asymptom-
atic as movement of the unaffected contralateral laryn-
geal muscles could be adequate. Bilateral lesions of the 
recurrent laryngeal nerve are seen in lead poisoning and 
may cause stridor and dyspnea. Bilateral complete lesions 
of the vagus nerve impair all the parasympathetic nerve 
supply to the visceral organ in addition to dyspnea.

As the glossopharyngeal nerve and the vagus nerve 
take the same course within and outside of the brainstem, 
they are often impaired together. When hoarseness and 
dyspnea are seen in addition to nasal voice and dysphagia, 
it suggests an impairment of not only the glossopharyn-
geal nerve but also the vagus nerve.

B .   h Y P O G L O S S A L   N E R V E

All the tongue muscles are innervated by the hypoglossal 
nerve, which is purely made of motor fibers. The hypo-
glossal nucleus is located in the medial part of the med-
ullary tegmentum just anterior to the fourth ventricle (see 
Figure 5- 3). Fibers emerging from the nucleus pass ante-
riorly all the way through the medial part of the medulla 
and exit the medulla just lateral to the pyramid. Then they 
turn laterally and exit the posterior cranial fossa through 
the hypoglossal canal just lateral to the foramen magnum 
(see Figure 8- 2a).

In a unilateral lesion of the hypoglossal nerve, mus-
cle atrophy is seen in the affected half of the tongue. In 
its acute lesion like hypoglossal neuritis, however, muscle 
atrophy may not be recognized until about a week after the 
clinical onset. Unilateral weakness of the tongue muscle 
can be detected by asking the patient to push the tongue 
against the cheek and by palpating its force from the cheek 
skin, but it can be confirmed more efficiently by demon-
strating deviation of the protruded tongue to the affected 
side. This is due to the fact that the genioglossus muscle 
acts to protrude the tongue forward and thus the muscle 
on the intact side overcomes that on the affected side, caus-
ing the tongue to deviate to the affected side on protrusion.
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If the hypoglossal nerve is affected at the pyramid 
together with the corticospinal tract, hypoglossal nerve 
palsy might be associated with contralateral spastic hemi-
plegia (hypoglossal crossed hemiplegia).

C .   C O R T I C A L  I N N E R V A T I O N  
O F   B U L B A R  M U S C L E S

The cortical area related to movements of the pharynx, lar-
ynx, and tongue is located in the ventral part of the face 

area of the primary motor cortex (see Figure  11- 2). The 
nucleus ambiguus and the hypoglossal nucleus are bilat-
erally innervated by motor cortices with one exception  
(Box 22 for the exception). Therefore, only bilateral lesions 
of the corticobulbar tracts cause functional disturbance 

BOX 21 WALLENBERG SYNDROME AND RELATED CONDITIONS

This is a good example to demonstrate how many symptoms/ 

signs may be produced even by a small lesion depending on its 

anatomical compactness.

The symptomatology of the lateral medullary syndrome 

(Wallenberg syndrome) is systematically composed of bulbar 

palsy due to a lesion of the nucleus ambiguus, crossed anal-

gesia on the ipsilateral face due to a lesion of the spinal tract 

and nucleus of the trigeminal nerve and on the contralateral 

limbs and trunk due to a lesion of the spinothalamic tract, 

vertigo and loss of equilibrium due to a lesion of the vestib-

ular nucleus, cerebellar ataxia of the ipsilateral limbs due to 

a lesion of the cerebellar hemisphere, and ipsilateral Horn-

er syndrome due to a lesion of the descending sympathetic 

tract (Figures 14- 1 and 14- 2, see Table 8- 1). This syndrome 

is caused by an infarction of the lateral part of the medullary 

tegmentum due to thrombosis of the posterior inferior cere-

bellar artery. Regarding the above, if a lesion also involves the 

trigeminothalamic tract, which crosses from the contralateral 

spinal nucleus of the trigeminal nerve, the hemianalgesia con-

tralateral to the lesion involves the face as well.

Babinski and Nageotti in 1902 reported a 50- year- old man 

who suddenly presented with vertigo, ataxic gait, dysphagia, and 

dysphonia and showed soft palate paralysis and loss of gag re-

flex, Horner syndrome and cerebellar ataxia on the left, hemipa-

resis and decreased tactile and pain sense on the right, and sen-

sory loss on bilateral face. At autopsy, four lesions were found in 

the left medulla oblongata, the largest occupying nearly the whole 

area of the left rostral medulla (Babinski & Nageotti, 1902). In the 

same paper, they also reported two other clinical cases in which 

the crossed sensory disturbance was seen only for pain but spar-

ing touch and proprioception. Thus, Babinski- Nageotti syndrome 

consists of symptoms/ signs seen in Wallenberg syndrome plus 

hemiplegia (Figure 14- 3). A condition similar to Babinski- Nageotti 

syndrome but without vertigo and cerebellar ataxia is called 

Cestan- Chenais syndrome (Figure 14- 3) (Krasnianski et al, 2006).

Spinothalamic
tract

XIIPyramid

Nucleus
ambiguus

Spinal tract
of V

IX, X

Inferior cerbellar
peduncle

Vestibular nucleusSympathetic tract

Figure 14- 1 Schematic diagram of medulla oblongata indicating a lesion 
of the lateral medullary syndrome (Wallenberg syndrome). The lesion 
is indicated by striped lines on the lateral medulla. V: trigeminal nerve, 
IX: glossopharyngeal nerve, X: vagus nerve, XII: hypoglossal nerve. 
(Modified from Chusid & McDonald, 1964)

R L

Figure 14- 2 T2- weighted MRI of a patient who acutely presented with 
dysphagia, vertigo, nystagmus, left hemianalgesia including the left face, 
and Horner syndrome and cerebellar ataxia on the right (Wallenberg 
syndrome). A localized area of increased signal intensity is seen in 
the lateral part of the right medullary tegmentum (arrow). (Courtesy of 
Dr. Masutaro Kanda, Ijinkai Takeda General Hospital, Kyoto)
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such as dysphagia and dysarthria. This condition is called 
pseudobulbar palsy.

Even in a unilateral vascular lesion of the frontal 
lobe, mild dysphagia might be occasionally seen. This is 
explained by the hypothesis that there is some hemispheric 
dominance in terms of swallowing, although the dominant 
side seems to differ among subjects. Furthermore, if there 
was a latent ischemic lesion in one cerebral hemisphere in 
the past, the new vascular lesion in the other hemisphere 
might cause pseudobulbar palsy.

D.   I N V O LV E M E N T  O F   T h E  C R A N I A L  N E R V E S 
I N N E R V A T I N G  B U L B A R  M U S C L E S

As the jugular foramen and the hypoglossal canal are closely 
located at the exit from the posterior cranial fossa, the last 
four cranial nerves (IX to XII) tend to be affected together, 
the condition called Collet- Sicard syndrome (Table 14- 1). 
Furthermore, the IXth and Xth cranial nerves may be affected 
together with the XIth cranial nerve (accessory nerve) at 
the exit from the jugular foramen (jugular foramen syn-
drome, Vernet syndrome) (see Chapter 15- 1 for the acces-
sory nerve). These syndromes can be caused by a mechanical 
injury or tumor, but can be also due to inflammation (mul-
tiple cranial neuritis). Jackson in 1886 reported a patient 
with syphilis who presented with tongue muscle atrophy and 
paralysis of the soft palate and vocal cord on the right and 
a left brachial plexus lesion (Jackson, 1886). Consequently, 

Wallenberg Cestan‒Chenais Babinski‒Nageotte

Figure 14- 3 Schematic diagrams of medulla oblongata indicating three different distributions of lesions causing a crossed syndrome. (Reproduced from 
Krasnianski et al, 2006, with permission)

BOX 22 WhY ThE TONGUE DEVIATES ON PROTRUSION EVEN 

IN A UNILATERAL hEMISPhERIC LESION

In patients with hemiplegia due to a unilateral vascular le-

sion of the cerebral hemisphere, the tongue often deviates 

to the hemiplegic side on protrusion in spite of bilateral corti-

cal innervation of the bulbar muscles. This is due to the fact 

that, unlike other bulbar muscles, the genioglossus muscle 

is unilaterally innervated by the contralateral motor cortex. 

As the genioglossus muscle acts to protrude the tongue for-

ward, a lesion of the left cerebral hemisphere, for example, 

causes paralysis of the right genioglossus muscle so that 

the left genioglossus muscle overcomes the right to push the 

tongue toward the right. Thus, this phenomenon is similar 

to the peripheral hypoglossal paralysis, but muscle atrophy 

does not appear in the supranuclear lesion. Moreover, cen-

tral hypoglossal palsy is commonly associated with central 

paralysis of the orbicularis oris muscle, because of the ana-

tomical proximity of the central pathways related to the two 

muscles.

TABLE 14-  1  SYNDROME DUE TO LESIONS OF MULTIPLE  
CRANIAL NERVES

Syndrome Affected Nerves Sites of Lesion

Gradenigo V, VI Tip of petrous pyramid

Vernet IX, X, XI Jugular foramen

Collet- Sicard IX, X, XI, XII Jugular foramen, hypoglossal 
canal

Raeder* V, sympathetic 
nerve

Semilunar ganglion

Villaret IX, X, XII,  
sympathetic trunk

Retroparotid skull basis

(Roman letters indicate the number of cranial nerves.)

* See Box 15.
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similar conditions have been reported with various names 
such as Schmidt syndrome, resulting in some confusion.

Villaret in 1916 reported two cases of trauma in the 
mastoid process, manifesting ipsilateral tongue atrophy, 
Horner syndrome, and paralysis of vocal cord and soft pal-
ate, and additional facial palsy in one of the cases. Villaret 
postulated an extracranial involvement of the ninth, 
tenth, and twelfth cranial nerves and the sympathetic 
trunk, and named this condition “le syndrome nerveux 
de l’espace rétro- parotidien postérieur” (Villaret,  1916) 
(Box 23).

2.   SOMATOSENSORY INNERVATION 
OF PhARYNx AND LARYNx

As described in relation to the trigeminal nerve 
(Chapter 10- 2B), the somatic sense of the oral cavity and 
tongue is mostly innervated by the trigeminal nerve, but the 
pharynx, uvula, tonsils, posterior two- thirds of the tongue, 
eustachian tube, and mucosa of the epiglottis are inner-
vated by the sensory fibers of the glossopharyngeal nerve. 
Somatosensory impulses arising from the larynx are con-
veyed through the vagus nerve, and those from the inner 
aspect of the tympanic membrane and the tympanic cav-
ity are conveyed through the tympanic nerve ( Jacobson’s 
nerve), which joins the vagus nerve.

The primary sensory neurons are in the two small  
ganglia located just outside of the jugular foramen:  the 
superior ganglion and the petrous (petrosal) ganglion 
(Figure 14- 4). Their central axons enter the spinal nucleus 
and the main sensory nucleus of the trigeminal nerve in 
the medulla oblongata. Neuralgia of these sensory nerves 
is called glossopharyngeal neuralgia. In an attack of this 
neuralgia, lightning pain starts from the root of tongue 
or the lateral wall of the pharynx and radiates toward the 
inner ear.

This sensory pathway also acts as an afferent arc of 
the pharyngeal reflex (gag reflex) with the reflex cen-
ter being in the solitary nucleus and with its efferent 
arc formed by motor fibers of the glossopharyngeal and 
vagus nerves. A typical example of this reflex is a vomit-
ing reflex elicited when a toothbrush happens to touch 
the pharynx. The presence or absence of this reflex is 
also important for testing the integrity of the medullary 
function in the examination of comatose patients (see 
Chapter 29- 5C).

3.   TASTE SENSE

Gustatory impulses from the posterior third of the tongue 
are conducted through the glossopharyngeal nerve 
(Figure 14- 4), while those from the anterior two- thirds 
are conveyed through the facial nerve (see Chapter  11- 
1C). The primary neurons are in the superior or petrous 
ganglion, and their central axons enter the solitary tract 
and solitary nucleus in the medulla oblongata along with 
the gustatory fibers of the facial nerve. The central path-
way from the solitary nucleus is the same as that originat-
ing from the facial nerve.

BOX 23 NAMED SYNDROMES RELATED TO BRAINSTEM  

AND CRANIAL NERVES

A number of combinations of symptoms/ signs due to intramed-

ullary lesions of the brainstem or extramedullary lesions of multi-

ple cranial nerves have been described from the 19th century to 

the beginning of the 20th century. Based on subsequent clinical 

and pathological studies of similar cases, those syndromes are 

called by the authors’ names (Table 14-1, see also Table 8-1).  

For a complex combination of various symptoms/ signs as in 

some crossed syndromes, it is more convenient to call by the 

names than by the list of symptoms/ signs. In some syndromes, 

however, later neurologists might not have correctly followed the 

initial description of the original authors, and some syndromes 

might have been modified. Moreover, not all the original descrip-

tions have been very precise. For example, an autopsy case re-

ported by Jackson, who showed lesions of four (IX to XII) cranial 

nerves, had additional multiple ischemic lesions in the brain, 

which made the interpretation of symptomatology complex 

(Pearce, 2006, for review). A  combination of lesions involving 

the vagus nerve and the hypoglossal nerve tends to be called 

Tapia syndrome, but the case reported by Tapia in 1904 was not 

precisely described (Schoenberg & Massey, 1979, for review). 

In those days, traumatic lesions due to wars were common in 

addition to cerebrovascular lesions and tumors. Moreover, some 

similar conditions might have been called by different names. 

Furthermore, if some authors happen to have erroneously cited 

the original paper, then the subsequent authors might not have 

noticed those errors. In some cases, later description was found 

to fit the relevant clinical cases better than the original report. 

Anyway, it is important to use the original author’s name(s) cor-

rectly. One of the authors (HS) has reviewed as many of those 

original papers as possible with the help of Dr. Kerry Mills in the 

medical library of Oxford University, and it was judged that the 

syndromes listed in Tables 8- 1 and 14- 1 were clearly described.
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4.   SAL IVAT ION

Parasympathetic efferent fibers of the glossopharyngeal 
nerve act to facilitate salivation of the parotid gland. Its 
nucleus is the inferior salivatory nucleus located in the 
medullary tegmentum, and the preganglionic fibers bifur-
cate from the glossopharyngeal nerve as the lesser petrosal 
nerve to project to the otic ganglion (Figure 14- 4). The 
postganglionic fibers arising from the otic ganglion pass 
through the auriculotemporal nerve, which is a branch of 
the trigeminal nerve, and innervate the parotid gland (Box 
24). The synaptic transmitter for the preganglionic fibers 
is acetylcholine (nicotinic) and that for the postganglionic 
fibers is acetylcholine (muscarinic).

5.   AUTONOMIC INNERVATION 
OF V ISCERAL ORGANS

Parasympathetic efferent fibers of the vagus nerve innervate 
the visceral organs such as cardiovascular system, bronchus 
and lung, esophagus, small intestine, large intestine proxi-
mal to the middle of the transverse colon, liver, gallbladder, 
pancreas, and others (Figure 14- 5). The preganglionic fibers 
arise from the dorsal motor nucleus of the vagus, which 
is located in the medullary tegmentum anterior to the 
fourth ventricle and just lateral to the hypoglossal nucleus  

(see Figure 5- 3). Recently, this particular nucleus has drawn 
an increasing attention as one of the earliest nervous sys-
tems to be affected by Lewy bodies in Parkinson disease 
(see Box 26). This autonomic pathway is also called the vis-
ceral efferent or visceromotor nerve. Postganglionic neu-
rons are located in close proximity to their target organs, 

Lesser petrosal nerve (Salivation)

Petrous ganglion

Superior ganglion

Otic ganglion

Parotid gland

Auriculotemporal nerve

Tongue

(Taste 
   sense)

  (Baroreception)

Carotid sinus

Figure 14- 4 Autonomic efferent and afferent fibers, and gustatory (taste) 
fibers of the glossopharyngeal nerve.

BOX 24 FREY SYNDROME

A combination of sweating and flushing seen in the earlobe 

and the temporal skin while eating is called auriculotemporal 

syndrome. This phenomenon has been known as a complica-

tion of parotid gland surgery for many years, and Frey in 1923 

postulated the pathogenesis of this syndrome, hence called 

Frey syndrome. The syndrome is considered to be due to a 

posttraumatic misconnection between the parasympathetic 

efferent fibers facilitating salivation of the parotid gland and 

those of the auriculotemoral nerve targeting at the skin. This 

condition used to be referred to as “gustatory sweating,” but it 

is reasonable to call it “salivary sweating,” because the prima-

ry pathophysiology is a misconnection between the two groups 

of parasympathetic efferent fibers just like “crocodile tears 

syndrome” (see Box 19). Recently, subcutaneous injection of 

botulinum toxin is used for treatment of this condition (de Bree 

et al, 2007, for review).
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and their fibers innervate each target organ by acetylcho-
line (muscarinic) as the neurotransmitter (see Figure 20- 2). 
Their action for the cardiovascular system is to slow down 
the pulse rate, to dilate the vessels, and to lower the blood 
pressure, but for the gastrointestinal system they act to facil-
itate intestinal peristalsis.

6.   AFFERENT PAThWAY FROM  
ThE V ISCERAL ORGANS

The glossopharyngeal and vagus nerves play an important 
role in conveying the afferent input from visceral organs. 
Visceral afferents from the baroreceptor of the carotid 
sinus (carotid body), which is situated in the wall of the 
internal carotid artery, pass through the glossopharyngeal 
nerve and convey impulses to the visceral afferent bipolar 
neurons in the superior and petrous ganglia (Figures 14- 4 
and 14- 6). The central axons of those neurons enter the sol-
itary nucleus in the medulla oblongata and form a reflex arc 
with the dorsal motor nucleus of the vagus. On the other 
hand, the afferents from the aortic receptors (aortic body) 
in the aortic arch pass through the vagus nerve and proj-
ect to the visceral afferent bipolar neurons in the nodose 
ganglion, and the central axons also project to the solitary 
nucleus to form a reflex arc like the baroreceptors from the 
carotid sinus (Figure 14- 6).

The above two pathways play an important role in the 
regulation of blood pressure. For example, if blood pressure 
changes rapidly, the baroreceptors sense the change and, via 
the medullary reflex arc, regulate the blood pressure auto-
matically. If this reflex pathway is impaired, it becomes 
difficult to control the blood pressure upon sudden arising 
(orthostatic hypotension).

Visceral sensation from the pharynx, larynx, bron-
chus, esophagus, and abdominal visceral organs is conveyed 
to the central nervous system through the vagus nerve. 
Typical examples of visceral sensation are a feeling of satiety 
and a feeling of hunger. These visceral afferent neurons are 
also in the nodose ganglion, and the central axons convey 
impulses to the solitary nucleus. The efferents from the sol-
itary nucleus are conducted to the cerebral cortex via the 
thalamus on one hand and form a reflex arc with the auto-
nomic efferent pathway in the brainstem on the other hand 
(see “Autonomic Nervous System,” Chapter 20- 2). As vis-
ceral pain is conveyed through the sympathetic fibers, it is  
discussed in Chapter 20- 2.

7.   ExAMINATION OF SWALLOWING, 
PhONATION, AND ARTICULAT ION

Swallowing, phonation and articulation can be examined in 
the following order.

Cranial nerve territory

Thoracolumbar cord

Sacral cord

Pupil
Lacrimal gland

Sublingual gland
Submandibular gland

Parotid Heart

Bronchus & lung
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Small intestine

Large intestine

Rectum

Vagus
nerve
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nerve
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Figure 14- 5 Parasympathetic efferent innervation of visceral organs. (Reproduced 
from Haymaker, 1969, with permission)
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A .   E x A M I N A T I O N  O F   T h E   T O N G U E

If there is muscle atrophy and/ or fasciculation (see 
Chapter 16- 3B for fasciculation) on one side of the tongue, 
it suggests involvement of either the ipsilateral medulla 
oblongata or the hypoglossal nerve. As the genioglossus 
muscle acts to protrude the tongue forward, the tongue will 
deviate to the affected side upon protrusion. By contrast, 
bilateral involvement of the tongue with muscle atrophy 
or fasciculation suggests degenerative diseases of the motor 
neurons (Figure 14- 7). As described in Box 22, among 
other tongue muscles, only the genioglossus muscle receives 
unilateral innervation from the contralateral motor cor-
tex. Therefore, even in a unilateral hemispheric lesion, the 
tongue deviates to the side contralateral to the lesion upon 
protrusion.

B .   E x A M I N A T I O N  O F   T h E  S O F T  PA L A T E  
A N D  S W A L L O W I N G

In a unilateral lesion of the medullary tegmentum or the 
ninth/ tenth cranial nerves, the affected soft palate drops 
and moves incompletely (curtain sign). If the patient is 
asked to pronounce an “Ah” sound loudly with the mouth 
kept open, the intact soft palate is seen to rise, whereas 
the affected side only incompletely, if any. The gag reflex 
elicited by touching the lateral pharyngeal mucosa with 

a swab may be lost on the affected side. As the gag reflex 
causes bilateral contraction of the relevant muscles, loss of 
gag reflex only on one side suggests impairment of the affer-
ent reflex arc on the affected side. Bilateral loss of gag reflex 
suggests bilateral impairment of the ninth/ tenth cranial 
nerves, but it should be kept in mind that this reflex may 
not be clearly observable in normal aged subjects and even 
in some young subjects.

Spasm of the Deglutition Muscles

Dysphagia in some patients might be due to excessive con-
traction or spasm of the deglutition muscles instead of their 
paralysis. This condition is called spasmodic dysphagia. 
In patients with dysphagia, therefore, it is useful to observe 
how they actually swallow a cup of water during the physi-
cal examination, and it is especially so for a possible case of 
spasmodic dysphagia.

Dysphonia

For testing phonation, it is useful to ask the patient to pro-
nounce the same sound repeatedly including a labial sound 
(mi- mi- mi), palatal sound (ga- ga- ga), and lingual sound 
(la- la- la). Paralysis of the soft palate is manifested as nasal 
voice (rhinolalia), that of the vocal cord as hoarseness 
and, when sound is lost completely, aphonia. Although 
nasal voice and hoarseness are commonly seen in common 

X

IX

Carotid sinusCarotid body

Aortic receptorAortic body

Figure 14- 6 Afferent fibers related to baroreception. IX: glossopharyngeal 
nerve, X: vagus nerve.

Figure 14- 7 Muscle atrophy of the tongue in a patient with bulbospinal 
muscular atrophy (Kennedy disease). (Courtesy of Dr. Masutaro Kanda, 
Ijinkai Takeda General Hospital, Kyoto)
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cold, the distinction is not difficult from the history and 
other accompanying symptoms. Furthermore, like dyspha-
gia, spasm of the articulatory muscles may cause dysphonia 
(spasmodic dysphonia). Spasmodic dysphonia is most 
commonly an adult onset focal dystonia, but may be seen as 
a manifestation of autosomal dominant hereditary dystonia 
(“whispering dysphonia,” DYT4 dystonia) (Lohmann et al, 
2013). Spasmodic dysphonia may be due to spasm, not just 
of the vocal cord but of the respiratory muscles as a whole 
(laryngeal dystonia) (Payne et al, 2014).

Dysarthria

A condition in which a patient cannot speak properly or flu-
ently is called dysarthria. Dysarthria characterized by pro-
longed and irregular intervals and variable loudness among 
syllables is called scanning speech or slurred speech. This 
kind of speech is also characterized by an abrupt increase in 
loudness (explosive speech). Dysarthria with these charac-
teristics is commonly seen in patients with cerebellar ataxia. 
In disorders of the basal ganglia like Parkinson disease, 
speech is characterized by low- pitched and monotonous 
voice, and intervals between syllables become increasingly 
shorter while speaking. This speech is compared to propul-
sion or festination seen in parkinsonian gait (see Chapter 21- 
2), and may be called oral festination (Moreau et al, 2007). 
It is important to know that dysarthria due to pseudobulbar 
palsy is usually accompanied by severe dysphagia.

C .   B U L B A R  PA L S Y  A N D  P S E U D O B U L B A R   PA L S Y

When muscle atrophy and/ or fasciculation are seen in 
the tongue in patients with dysphagia, dysphonia, and/ or 
dysarthria, it suggests bulbar palsy, and if the jaw jerk is 
clearly enhanced, it suggests pseudobulbar palsy. The term 
“pseudobulbar palsy” comes about because it looks like a 
lesion of the medulla, but it is not. However, bulbar palsy 
may not necessarily be accompanied by tongue atrophy, 
and the jaw jerk may not necessarily be enhanced even in 
pseudobulbar palsy. If there is a clear asymmetry in paralysis 
of the soft palate or if there are nasal voice and/ or hoarseness 
of marked degree, then it more likely suggests the presence 
of bulbar palsy. Amyotrophic lateral sclerosis is charac-
terized by a coexistence of bulbar palsy and pseudobulbar 
palsy. In this condition, therefore, there is muscle atrophy 
in the tongue and yet the jaw jerk is hyperactive.

Patients with pseudobulbar palsy occasionally tend to 
cry or laugh for no reasonable cause. These are called forced 
crying and forced laughing (forced laughter), respectively. 
The pseudobulbar affect is commonly seen in motor neuron 

diseases (Floeter et al, 2014). In most cases, the facial expres-
sions are not accompanied by emotional changes (mirthless 
crying, mirthless laughter), and they are considered to be 
due to paroxysmal involuntary contractions of emotional 
muscles.

Somatic sense of the soft palate and pharynx can be 
tested by using swabs only when judged necessary based on 
the history and other physical signs. The gag reflex can also 
be tested by the same maneuver. Taste sense of the poste-
rior third of the tongue may also be tested, but this is more 
difficult to test than the anterior two- thirds of the tongue. 
As was described in relation to the facial nerve, salivation 
of the parotid gland is not tested in the ordinary clinical 
setting (see Chapter  11- 2D). Autonomic reflexes of the 
cardiovascular system will be explained in the chapter on 
the autonomic nervous system (Chapter 20- 3). During the 
bedside examination, we can test whether the pulse rate 
changes with deep breathing or not, whether the blood 
pressure drops by standing up from the supine position, and 
whether the bowel sounds are hyperactive or hypoactive.
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15.

NECK AND TRUNK

1.  ExAMINATION OF ThE NECK

The following points should be checked during the exam-
ination of the neck.

A .   P O S T U R A L  A B N O R M A L I T Y  O F   T h E   N E C K

Posture of the neck can be observed in the sitting or 
standing position. Stooped posture of the neck may be 
physiologically seen in the aged population. Two abnor-
mal postures of the neck are flexed posture, seen in 
patients with Parkinson disease or parkinsonism, and 
dropped head syndrome. In Parkinson disease and par-
kinsonism, not only the neck but also the whole upper 
trunk is commonly flexed. Moreover, tone of the neck 
muscle is often increased and there is resistance against 
passive lateral flexion and rotation. Occasionally, cog-
wheel rigidity might also be found in the neck muscles 
(see Chapter 16- 2B).

In the dropped head syndrome, flexed posture is 
almost restricted to the neck muscles. Two conditions 
are conceivable for this syndrome: weakness of the neck 
extensors and excessive contraction (dystonia) of the neck 
flexors. In order to distinguish between these two condi-
tions, it is useful to test the strength of the neck extensor 
muscles by asking the patient to lift up the head in a prone 
position. Weakness of the neck extensors in this condition 
is thought to be myogenic rather than neurogenic, and is 
seen in parkinsonism, especially multiple system atrophy 
(see Box 69).

Extended posture of the neck (retrocollis) is com-
monly seen in patients with progressive supranuclear 
palsy. However, absence of retrocollis does not completely 
exclude a possibility of this disease.

Rotated posture of the neck to either side is called 
torticollis. As this condition is considered to be caused 
by a mechanism of focal dystonia, it is also called cervical 
dystonia. It is often a partial manifestation of generalized 

dystonia, and it could be its initial manifestation, although 
generalized dystonia more commonly begins in the leg. As 
the postural abnormality of neck may almost disappear in 
the supine position, it is important to observe the neck 
in the upright position. In the early stage of torticollis, it 
may not stay with the rotated posture, but it may present 
with repetitive rotatory phasic movements of the neck to 
one side, resembling tremor. In the continuously rotated 
state of the neck, examination of the neck tone might 
show increased resistance to passive rotation to the nor-
mal position. This is in contrast with the neck tone in gen-
eralized dystonia, because muscle tone is not increased in 
most cases of generalized dystonia. In torticollis of long 
duration, the sternocleidomastoid muscle contralateral 
to the side of neck rotation is often hypertrophic. Usually 
the patient cannot return the neck to the normal position, 
and even if it is possible to do so to some degree, it tends 
to return to the rotated posture soon.

Sensory trick is a characteristic sign of focal dystonia, 
especially torticollis (see Chapter  18- 6). Typically, the 
neck returns to the normal position as soon as the cheek 
or other part of the head is touched by the patient’s own 
hand or by another person’s hand. In standing posture 
against a wall, the neck may return to the normal position 
as soon as the posterior head touches the wall, but it rotates 
back again as soon as the patient steps away from the wall. 
In this case, the sensory trick seems to occur even before 
the posterior head is actually touched if the patient could 
anticipate the touch in advance. A mechanism underlying 
the sensory trick has not been fully elucidated, but this is 
an example of sensorimotor integration that serves favor-
ably for the patient.

B .   E x A M I N A T I O N  O F   M U S C L E S  I N N E R V A T E D 
B Y   T h E  A C C E S S O R Y   N E R V E

The muscles innervated by the eleventh cranial nerve 
(accessory nerve), namely the sternocleidomastoid 
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muscle (SCM) and the trapezius muscle, can be tested 
when examining the neck. The SCM acts to rotate the neck 
to the opposite side. Therefore, when testing the left SCM, 
for example, that muscle should be observed as well as pal-
pated by asking the patient to turn the neck to the right. 
The two SCM muscles activate together to flex the neck. 
The SCM is considered to be innervated by the ipsilateral 
motor cortex, because, in a focal motor seizure, the neck 
rotates to the side contralateral to the epileptogenic focus. 
The trapezius muscle can be observed and palpated while 
the patient is asked to raise the shoulders. In unilateral tra-
pezius palsy, the shoulder of the affected side is lower com-
pared with the intact side when the patient in a standing 
position is observed from behind.

C .   C E R V I C A L  S P O N D Y L O S I S

In radiculopathy (disorders of nerve roots) due to cervical 
spondylosis, radiating pain might be induced in the arm by 
tilting the neck posteriorly and laterally to the affected side 
(Spurling sign). This maneuver makes the intervertebral 
foramen even narrower so that the nerve root is compressed 
to produce “root pain.”

Other causes of neck pain include whiplash injury, 
intervertebral disc protrusion, ossification of the poste-
rior longitudinal ligament, atlantoaxial dislocation, and 
Klippel- Feil syndrome. Severe neck pain of acute onset 
associated with limited range of motion in aged subjects is 
seen in the crowned dens syndrome. In this case, computed 
tomography (CT) of the neck shows calcification around 
the odontoid process (dens), and C- reactive protein (CRP) 
is elevated in the serum. It is important to consider this con-
dition because it sometimes resembles meningitis and also 
because it responds well to nonsteroidal anti- inflammatory 
agents (Taniguchi et al, 2010).

In addition to radiculopathies due to abnormalities of 
the cervical spine as listed above, it should be kept in mind 
that systemic diseases such as thyroiditis, lymphadenitis 
and vascular diseases may also cause neck pain.

Lhermitte Sign

Lhermitte sign is a radiating pain starting from the upper 
back down to the dorsal aspects of lower limbs upon neck 
flexion. This phenomenon is commonly encountered in 
an intramedullary lesion of the cervical cord, especially in 
multiple sclerosis or neuromyelitis optica. The underlying 
mechanism is thought to be due to abnormal impulse trans-
mission within the posterior column.

D.   M E N I N G E A L  I R R I T A T I O N

When the history suggests a possibility of meningitis or 
subarachnoid hemorrhage with severe headache and nau-
sea, the presence or absence of nuchal stiffness is import-
ant. This is tested by observing the range of neck flexion by 
raising the head passively in the supine position. If one of 
the examiner’s hands is placed behind the neck during this 
maneuver, it may be able to feel a reflex contraction of the 
nuchal muscle. This reflex spasm is considered to be due to 
inflammatory involvement of the posterior cervical roots as 
they pass through the meninges. It is important to keep in 
mind that, in subarachnoid hemorrhage, nuchal stiffness is 
not detectable until about 24 hours after the onset.

The Kernig sign is also well known as a sign of men-
ingeal irritation. This is tested by passively raising a lower 
limb with the knee flexed in the supine position and then 
by extending the knee joint. If the angle of knee extension 
is limited or if the patient complains of pain on the poste-
rior aspect of the thigh, the Kernig sign is judged positive. 
Sometimes, this test might be confused with the Lasègue 
sign, seen in patients with lumbar radiculopathy upon the 
straight leg raising test (see below). Moreover, the Kernig 
sign may be negative while nuchal stiffness is present, and 
thus nuchal stiffness is more sensitive to the state of men-
ingeal irritation.

For the straight leg raising test, the relaxed and 
extended lower extremity is slowly lifted passively in a 
supine position, and the patient is instructed to report 
whether pain occurs or not. If this maneuver causes radiat-
ing pain downward along the back of the leg (Lasègue sign), 
it suggests the presence of lumbar radiculopathy.

2.   ExAMINATION OF ThE TRUNK

Observation of posture in the standing position provides 
important information. Flexed posture of the neck and 
upper trunk is commonly seen in patients with Parkinson 
disease or parkinsonism. Marked flexion of the trunk to 
45 degrees or even more in the standing position is called 
camptocormia (bent spine syndrome). This postural 
abnormality becomes less pronounced in the recumbent 
position. There are a variety of etiologies, both peripheral 
and central, for this condition (Srivanitchapoom & Hallett, 
2015, for review), but there are two main hypotheses: dys-
tonia or rigidity of the truncal muscles on one hand and 
myopathy of the paraspinal muscles on the other (von 
Coelln et al, 2008; Jankovic, 2010, for review). In addition, 
scoliosis is also common in Parkinson disease.
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In patients with Parkinson disease or parkinsonism, 
movement in general is slower than normal, especially in 
turning around or sitting up on bed, and standing on the 
floor (bradykinesia).

Muscle tone of the truncal muscles is difficult to test, but 
tone of the paraspinal muscles can be estimated by the fol-
lowing maneuver. With a patient placed in the supine posi-
tion with the knees flexed and with the examiner’s hands 
holding the lateral aspect of the knees, the examiner rotates 
the patient’s trunk to each side and feels the resistance. In 
healthy subjects, there is little, if any, resistance against this 
maneuver, but in patients with Parkinson disease, resistance 
can be felt, often with significant asymmetry. In patients 
with rigidity of limbs more on one side than on the other, 
the resistance against the trunk rotation away from the 
more rigid side is greater than that toward the more rigid 
side. In this case, the trunk often shows scoliosis concave to 
the more rigid side.

The above postural abnormality of the cervical or tho-
racic spine is seen in disorders of the spine itself, such as 
kyphosis, lordosis, and scoliosis of the spine. Usually, 

differentiation of neurological disorders from these spine 
disorders is not difficult from the history and other accom-
panying signs, but it is helpful to compare the postural 
abnormality during wakefulness and sleep. Abnormalities 
of the spine are persistent during sleep while abnormality of 
muscle tone tends to diminish during sleep. Furthermore, 
abnormality of muscle tone may change depending on pos-
ture of the patient.
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16.

MOTOR FUNCTIONS

1.  F INAL COMMON PATHWAY OF    
THE MOTOR SYSTEM

The final common pathway for movement consists of the 
central motor pathway, which projects from the motor 
cortex through the corticobulbar tract to the brainstem 
motor nuclei or through the corticospinal tract to the 
anterior horn of the spinal cord and the peripheral motor 
pathway, which projects from the brainstem motor nuclei 
or the anterior horn cells by means of the α motor fibers 
to the skeletal muscles. Neurons of the cerebral cortex 
forming the corticobulbar and corticospinal tracts are 
called upper motor neurons, and neurons of the brain-
stem motor nuclei and the spinal anterior horn forming 
the α motor fibers are called lower motor neurons. A rep-
resentative degenerative disease characterized by system-
atic involvement of the upper and lower, or either, motor 
neurons is motor neuron disease.

A .   M O T O R  C O R T E X  A N D 
C O R T I C O S P I N A L   T R A C T S

The motor cortex is formed of the primary motor area 
(Brodmann area 4; MI), supplementary motor area 
(SMA), lateral premotor area, and cingulate gyrus. 
The SMA is further divided into the SMA proper and 
the pre- SMA (see Figure  11- 3). Electrophysiological 
and neuroimaging studies of cortical activities in humans 
suggest that voluntary unilateral simple movement of the 
hand is preceded by increasing activity first in the pre- 
SMA and SMA proper bilaterally, then in the lateral 
premotor area and the MI bilaterally but with contralat-
eral predominance, and finally neurons primarily of the 
MI are activated so that their impulses descend through 
the fast- conducting corticospinal tract to activate the 
corresponding anterior horn cells (Shibasaki, 2012, for 
review). For the corticospinal tracts, all fibers originating 

from the MI and most fibers from the lateral premotor 
area form the direct corticospinal tract, while the fibers 
originating from the SMA proper and some fibers from 
the lateral premotor area project to the spinal cord via 
the MI. In addition, some fibers from the SMA proper 
and the lateral premotor area descend to the spinal cord 
indirectly via brainstem nuclei such as the reticular for-
mation and the vestibular nuclei (indirect corticospinal 
tract).

Pyramidal Tract and Upper Motor Neuron

The corticospinal tract in the narrow sense indicates a 
pathway directly projecting to the spinal cord, but in the 
wider sense it also includes fibers that do not arise in the 
cortex. The pyramidal tract was originally named to indi-
cate fiber tracts passing through the medullary pyramid, 
and the term is used to mean the direct corticospinal tract. 
Fibers of the pyramidal tract originate not only from large 
neurons in the MI (pyramidal tract cell, Betz cell) but also 
from a much larger number of other neurons in the MI, 
neurons in the SMA proper, some neurons in the lateral 
premotor area, and in the postcentral gyrus. Clinically, 
signs due to involvement of the pyramidal tract are called 
upper motor neuron signs or pyramidal tract signs 
(pyramidal signs).

Corticospinal Tract

Impulses conducted through the direct corticospinal 
tract are transmitted to the anterior horn cells either 
directly (monosynaptically) or via spinal interneurons. 
Neurotransmission at the nerve terminal is mostly glu-
tamatergic. Especially, most impulses targeting intrin-
sic hand muscles are transmitted monosynaptically, 
which is thought to be effective for quick and precise 
movement of the fingers. In fact, in a relatively mild or 
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early lesion of the motor cortex or corticospinal tract, 
the initial sign is disturbance of fine finger movement 
rather than weakness.

About 85% of fibers constituting the pyramidal tract 
cross at the pyramidal decussation of the medulla, and 
descend through the contralateral lateral corticospinal 
tract. The remaining 15% of fibers descend through the 
ipsilateral anterior corticospinal tract (Figures 16- 1,   
16- 2 and 16- 3). However, the ratio of the crossing fibers 
is known to vary considerably among subjects, and it 
is known that in some exceptional cases all fibers cross. 
The anterior corticospinal tract terminates at the lower 
cervical level.

In unilateral infarction of the medulla, ipsilateral 
hemiplegia may be seen occasionally (Opalski syndrome). 
This is explained by an involvement of the corticospinal 
tract after crossing (distal to the pyramidal decussation) 
in the medulla (Nakamura et  al, 2010). Furthermore, in 
mechanical compression of the craniocervical junction, 
spastic paralysis of unusual distribution may be seen 
(Yayama et al, 2006). For example, bilateral weakness of 
upper limbs is called cruciate paralysis, and a combina-
tion of spastic paralysis of the ipsilateral upper limb and 
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Figure 16- 1 Schematic illustration of motor pathways from the motor cortex to the muscles. Distribution of motor paralysis is shown in the parenthesis 
for each site of lesion.
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Figure 16- 2 Schematic diagram showing the lateral and anterior 
corticospinal tracts.
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pyramidal signs of the contralateral lower limb may be 
called hemiplegia cruciata. Structural or functional misin-
nervation of the corticospinal tracts may present itself as 
mirror movements (Box 25).

Lesion of the Corticospinal Tract and Distribution 
of Motor Paralysis

As described in Chapter 11 (see Figure 11- 2), there is somato-
topic organization in MI. Different body parts are quite 
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Figure 16- 3 Laminar structures of the lateral corticospinal tract and somatosensory pathway in the cervical cord. C (cervical), Th (thoracic), L (lumbar), 
and S (sacral) in the descending lateral corticospinal tract indicate the target segments and those in the ascending lateral spinothalamic tract and 
dorsal column indicate the segments of origin. (Modified from Haymaker, 1969, with permission)

BOX 25 MIRROR MOVEMENT

In this condition, intended movement of one hand is accompanied by the same movement in the opposite hand. This phenomenon 

causes significant difficulty in daily life, especially in actions requiring movement of bilateral fingers like piano playing. Mechanisms 

underlying congenital mirror movement seem to differ among patients. In some cases, the uncrossed corticospinal tract is exces-

sively developed, and activation of unilateral motor cortex may cause simultaneous activation of both the crossed and uncrossed 

corticospinal tracts. In other cases, the motor cortex ipsilateral to the intended movement might be coactivated with the contralat-

eral motor cortex. By using the triple stimulation technique of transcranial magnetic stimulation (TMS) in a case of congenital mirror 

movement, Ueki et al. (2005) reported evidence for predominant ipsilateral innervation. In a patient with Kallmann syndrome, which 

is an X- linked hereditary disease characterized by anosmia, hypogonadotropic hypogonadism and mirror movement (see Chapter 6- 2),  

the late phase of Bereitschaftspotential was distributed over the motor area not only contralateral but also ipsilateral to the intended 

unilateral hand movement, suggesting activation of bilateral motor cortices (Shibasaki & Nagae, 1984).

Mirror movement can be also seen in acquired conditions (acquired mirror movement). When a patient during the recovery phase 

from stroke moves the intact hand, similar movement may be seen in the paretic hand (Etoh et al, 2010). Additionally, an attempt 

to move the paretic hand may be associated with similar movement in the intact hand. The latter phenomenon might be related to 

the fact that, even in healthy subjects, an attempt to make a complex movement by one hand is associated with bilateral activa-

tion of motor cortices (Kitamura et al, 1993b; Shibasaki et al, 1993). Therefore, it is postulated that, in patients with severe motor 

disability irrespective of its etiology, even a simple movement of one hand might cause bilateral activation of motor cortices, thus 

resulting in mirror movement.

In relation to the above, when interpreting data of Bereitschaftspotential and neuroimaging studies for investigating a mechanism 

of motor recovery from stroke, increased activation of the motor cortex ipsilateral to the paretic limb might be due to subjective com-

plexity of the motor task and it may have little to do with compensatory activation of the nonaffected cerebral hemisphere.
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separate, but within a body part the muscle representations 
are intermixed. The corticospinal tract descends medially 
through the cerebral white matter and converges at the poste-
rior limb of the internal capsule like the pivot of a fan (Figure 
16- 1). Thus, if the MI is affected focally, or if the correspond-
ing group of the corticospinal fibers is subcortically affected, 
the resulting paralysis is limited to a part of the contralateral 
extremity or face innervated by the damaged area (monople-
gia). For example, if the hand area of the left precentral gyrus 
is focally affected, motor paralysis or disturbance of fine fin-
ger movement may appear only in the right hand.

When the posterior limb of the internal capsule is 
affected, all fibers of the corticospinal tract are involved, 
causing weakness of all contralateral skeletal muscles 
including the lower face (hemiplegia). A typical example is 
lacunar infarction in the internal capsule. In this case, even 
a small lesion localized to the posterior limb of the inter-
nal capsule can cause complete hemiplegia involving the 
lower face and upper as well as lower extremities. As the 
somatosensory system is not involved in this case, it causes 
pure motor hemiplegia (see Box 3). Clinically, pure motor 
hemiplegia most likely suggests the presence of a small 
lesion in the posterior limb of the internal capsule.

By contrast with the above two examples, if the cortico-
spinal tract is involved between the motor cortex and the 
internal capsule in the cerebral white matter, the resulting 
hemiplegia is incomplete in its distribution. Namely, if an 
infarction occurs in the deep cerebral white matter, weak-
ness is often seen in the contralateral upper and lower limbs, 
sparing the face. In this case, the somatosensory impairment 
of various degrees may be also present.

In the brainstem, the corticospinal tract is located most 
anteriorly from the midbrain to the medulla. In the cere-
bral peduncle, fibers projecting to the brainstem motor 
nuclei are located medially, those projecting to the caudal 
spinal cord laterally, and those projecting to the rostral 
spinal cord in between. This arrangement is reasonable 
because the fibers targeting the more rostral motor nuclei 
can easily cross from the medial part of the tract. Most of 
the fibers project to the brainstem motor nuclei bilaterally, 
but those fibers innervating the lower facial muscles and 
the genioglossus muscle of the tongue project only to the 
contralateral facial motor nucleus and hypoglossal nucleus, 
respectively (see Boxes 18 and 22).

B .   S T R U C T U R E  A N D  F U N C T I O N  O F   S P I N A L   C O R D

The spinal cord is formed of 30 segments: 8 cervical, 12 tho-
racic, 5 lumbar, and 5 sacral. There is no structural boundary 

dividing the segments, which are numbered according to 
the nerve root emerging from each segment. By contrast, 
there are 29 vertebrae: 7 cervical, 12 thoracic, 5 lumbar, and 
5 sacral. In the cervical cord, therefore, the number of spi-
nal segments is not the same as that of vertebrae. The first 
cervical nerve exits the spinal canal rostral to the first cer-
vical vertebra, and the eighth cervical nerve exits the canal 
between the seventh cervical vertebra and the first thoracic 
vertebra. Thus, the cervical nerves emerge from the spinal 
canal rostral to each corresponding vertebra with the excep-
tion of the eighth cervical nerve. All other spinal nerves 
from the first thoracic nerve down emerge from the spinal 
canal caudal to each respective vertebra (Figure 16- 4).

The caudal end of the spinal cord (conus medullaris) 
is located between the first and second lumbar vertebrae, 
and thus the spinal cord is shorter than the spinal canal. The 
lumbar cord is actually located at the level of the caudal end 
of the thoracic vertebrae, and the nerve roots originating 
in the lumbar cord (cauda equina) descend through the 
spinal canal for some distance and then emerge from each 
respective intervertebral foramen (Figure 16- 4).

Laminar Structure of the Lateral Corticospinal Tract

Fibers of the lateral corticospinal tract and those of the ante-
rior corticospinal tract targeting each segment of the spinal 
cord leave the tracts and turn anteromedially and posteri-
orly, respectively, so that they project to the anterior horn at 
each level. As seen in the transverse section of the lateral cor-
ticospinal tract (Figure 16- 3), fibers projecting to the cervi-
cal segments are located medially and those projecting to the 
sacral segments are located laterally, so that the fibers target-
ing the more rostral segments can leave the tract easily. For 
the same anatomical reason, when the cervical cord is com-
pressed from the lateral side, the pyramidal signs first appear 
in the ipsilateral lower extremity. When the lateral compres-
sion is strong, pyramidal signs also appear in the contralat-
eral lower extremity because of a contrecoup effect against 
the opposite wall of the spinal canal and partly because the 
spinal cord is fixed to the lateral wall of the spinal canal by 
the denticulate ligament, which causes mechanical distor-
tion of the cord. For the same reason, if the pyramidal signs 
are clearly limited to the ipsilateral extremities, it more likely 
suggests the presence of an intramedullary lesion.

Blood Perfusion of the Spinal Cord

The cervical cord receives blood perfusion mostly from 
the anterior spinal artery, which is formed by branches of 
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vertebral arteries (see Figure 9- 3). The thoracic cord is sup-
plied by radicular arteries, which bifurcate from the aorta. 
Therefore, narrowing of the intervertebral foramen may 
compress not only the nerve roots but also the radicular 
arteries, causing ischemic damage to the cord. In relation to 
this, as surgical treatment of aortic diseases may cause isch-
emic lesion in the cord, intraoperative electrophysiological 
monitoring of spinal functions can be applied to detect any 
functional abnormality that otherwise may not be detected 
until the effect of anesthesia wears off. Caudal segments of 
the thoracic cord and the lumbar cord are supplied by the 
Adamkiewicz artery, which bifurcates from the aorta and 
enters the upper lumbar cord from the left.

The anterior spinal artery descends along the anterior 
aspect of the spinal cord at the midline, and its branches 
perfuse the anterior two- thirds of the cord (Figure 16- 5). 
If the anterior spinal artery is occluded, the corticospinal 
tracts, spinothalamic tracts, and sympathetic nervous path-
ways are bilaterally affected, causing paralysis and loss of 
pain/ temperature sense below the affected segment and 
sphincter disturbance, but sparing proprioceptive sensation 
because of intact posterior columns (see Chapter  19- 1). 

This condition is called anterior spinal artery syndrome. 
Posterior spinal arteries are located at the lateral posterior 
aspect of the spinal cord, and send their branches to the 
posterior column on each side. However, some patients 
who presented with bilateral impairment of proprioceptive 
sensation, pyramidal signs, and sphincter disturbance due 
to unilateral occlusion of the posterior spinal artery have 
been reported (Moriya et al, 2011).

Veins from the spinal cord exit the spinal canal along 
with the nerve roots and enter the corresponding venous 
plexus. Therefore, the radicular veins might be also com-
pressed by the narrowed intervertebral foramen, thus caus-
ing a congestive lesion in the corresponding segments of 
spinal cord.

C .   A N T E R I O R  H O R N  C E L L S  A N D  P E R I P H E R A L 
M O T O R   N E R V E S

For voluntary movements of the extremities, the anterior 
horn cells receive excitatory impulses from the motor cor-
tex through the corticospinal tract, and through their axons 
(α motor fibers) activate their innervated muscles.
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Figure 16- 4 Anatomical interrelationship among the spinal cord segments, spinal nerve roots, and vertebrae. (Reproduced from Haymaker, 1969, with 
permission)
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α Motor Fibers

The intramedullary part of the α motor fibers histologically 
belongs to the central nervous system because the myelin 
sheath is derived from the cell membrane of oligodendrog-
lia. The extramedullary axons are covered by myelin sheath 
that is derived from the cell membrane of Schwann cells, and 
thus they histologically belong to the peripheral nervous 
system (Figure 16- 6). The α motor fiber is a large myelin-
ated fiber with diameter of 12 ~ 21 μm, and its conduc-
tion velocity is about 50 m/ s (see Table 19-2). These fibers 
exit the spinal cord at each segment as the anterior root, 
and along with the posterior root, they exit the spinal canal 
through the intervertebral foramen and innervate the cor-
responding muscle via the neuromuscular junction. The α 
motor fibers of cranial nerves exit the cranium through the 
foramen corresponding to each nerve (see Chapter 5- 2).

In the α motor fibers, an electric impulse is conducted 
in the same direction as the axonal flow. Therefore, if its 
axon is damaged, the innervated muscle not only becomes 
paralyzed but also rapidly falls into atrophy due to depriva-
tion of neurotrophic factors. As the α motor fibers inner-
vating the distal extremities are as long as 1 meter, they are 
vulnerable to axonal damage.

Motor Unit and Reinnervation

The combination of a single anterior horn cell and all the 
skeletal muscle fibers innervated by that cell is called a motor 
unit, and its size is expressed by the number of muscle fibers 
innervated by that single anterior horn cell. The size ranges 
from less than 10 to more than 1,000, with the mean being 
about 150. Motor units of a muscle engaged in fine finger 
movement are small. In chronic neurogenic muscle atrophy, 
when a single anterior horn cell is degenerated and lost, the 
surviving anterior horn cells reinnervate those muscle fibers 
deprived of innervation, and this process is repeated so that 
the motor unit of the reinnervating cell keeps increasing. 
If this condition is recorded by needle electromyography 
(EMG), it shows giant motor unit potentials.

γ Motor Fibers

There is another kind of motor neuron in the anterior 
horn. That is a small neuron called the γ motor neuron, 
and its fiber runs along with the α motor fiber. While 
the α motor fiber innervates the main muscle fibers of a 
muscle, the extrafusal fibers, the γ motor fiber innervates 
the intrafusal fibers of the muscle spindle. The γ motor 
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Figure 16- 5 Transverse section of spinal cord showing its arterial supply.
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system plays an important role in the spinal reflexes (see 
Chapter 17- 1).

D.   N E U R O M U S C U L A R  J U N C T I O N  A N D   M U S C L E

An electric impulse of an α motor fiber is transmitted to a mus-
cle fiber via the neuromuscular junction. Each muscle fiber has 
a single neuromuscular junction regardless of its length, and 
the junction is located in the middle of the fiber. Extraocular 
muscle fibers are an exception in this regard, because each 
fiber is known to have multiple junctions. The synaptic termi-
nal of the α motor fiber is called the motor end- plate, from 
which synaptic vesicles release acetylcholine into the synaptic 
cleft. Then acetylcholine activates the acetylcholine receptor 
located in the junctional fold of the muscle fiber and opens 
sodium channels. Electrophysiologically, a miniature end- 
plate potential is recorded corresponding to each synaptic ves-
icle, but such events are generally due to spontaneous release 
when the nerve is not active. An action potential in the nerve 
will lead to the simultaneous release of many vesicles and is 
called the end- plate potential. Typically, end- plate potentials 
are large enough to trigger an action potential in the muscle 
cell membrane, which causes contraction of the muscle fiber 
(excitation- contraction coupling; EC coupling).

2.   CENTRAL CONTROL OF VOLUNTARY 
MOVEMENT

The final common pathway for voluntary movement of 
extremities is formed of the motor cortices, corticospi-
nal tract, anterior horn cells, α motor fibers, and muscles. 

However, simple excitation of the upper motor neuron in 
the MI will produce just a simple twitch of the correspond-
ing muscles, but no purposeful movement. In order to pro-
duce purposeful movement, the secondary motor cortices 
such as the SMA and lateral premotor area, the basal gan-
glia, and the cerebellum participate in controlling the excit-
ability of the motor cortex neurons (Figure 16- 7), and these 
structures are known to start functioning before the begin-
ning of the movement and keep working throughout the 
motor execution. Control of the motor cortex neurons in 
advance of the actual movement is known as feedforward 
control as opposed to feedback control.

A .   H I g H E R  F U N C T I O N S  O F   M O T O R  C O R T I C E S

Voluntary unilateral simple movement of the hand is pre-
ceded by increasing activities first in the pre- SMA and the 
SMA proper bilaterally, then in the lateral premotor area 
and the MI bilaterally but with contralateral predomi-
nance, and finally in the contralateral MI (Shibasaki, 2012, 
for review). There is somatotopic organization in the SMA 
proper to some extent and in the lateral premotor area and 
the MI more precisely. In unilateral complex movement 
of the hand, the SMA is more activated than in simple 
movement, and the MI tends to be activated bilaterally just 
before movement onset (Kitamura et al, 1993b; Shibasaki 
et al, 1993). The SMA is also known to be activated when 
the subject just imagines movement without actual motor 
execution. Furthermore, an isolated discrete finger move-
ment is preceded by larger activity of the contralateral MI 
compared with the simultaneous movement of more than 
one fingers (Kitamura et al, 1993a). This is in conformity 
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Figure 16- 6 Schematic diagram of a transverse section of the thoracic cord to illustrate the anterior horn cell and anterior spinal root. Sympathetic 
preganglionic fiber (shown in red) exits the cord through the anterior spinal root. The γ motor fiber is not shown in this figure.
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with the clinical notion that the essential motor deficit of 
the MI lesion is a disturbance of fine finger movement.

In those movements employed for daily activities such 
as tool use and gesture, the parietal cortex of the dominant 
hemisphere is activated first, and then the frontal motor 
cortices are activated (Wheaton et  al, 2005). In this case, 
the functional connectivity from the left inferior parietal 
cortex to the left premotor area plays an important role 
(Hattori et al, 2009). This is related to the clinical concept 
of ideational and ideomotor apraxia (see Chapter 23- 1B).

B .   B A S A L  g A N g L I A

Basal ganglia are situated in the deep cerebral hemisphere 
and are formed of multiple nuclei (Figure 16- 8). The main 
input from the cerebral cortex to the basal ganglia enters the 
putamen and caudate nucleus, and its synaptic transmitter 
is glutamate. The putamen and caudate nucleus together are 
called corpus striatum or striatum.

Cytoarchitecture of Striatum and Neural Circuits 
of Basal Ganglia

In the striatum, more than 90% of neurons are medium spiny 
neurons whose neurotransmitter is gamma- aminobutyric 

acid (GABA). There are two classes of medium spiny neu-
rons with two output; the direct pathway with GABA and 
substance P (SP) as the transmitter and the indirect path-
way with GABA and enkephalin as the transmitter (Figures 
16- 9 and 16- 10). The direct pathway projects directly to 
the internal segment of the globus pallidus (GPi), while the 
indirect pathway first projects to the external segment of 
the globus pallidus (GPe) and from there sends GABAergic 
fibers to the subthalamic nucleus (STN, also called the 
Luys body). The STN sends its glutamatergic output to the 
GPi. In effect, the direct pathway inhibits the GPi while the 
indirect pathway excites the GPi so that they maintain bal-
ance. This concept is known as the parallel pathway hypoth-
esis. In fact, however, this neural circuit does not seem that 
straightforward. There are multiple other connections and 
pathways. One critical additional pathway is the excitatory 
hyperdirect pathway from the cortex to the STN; its action 
supplements that of the indirect pathway. It is noteworthy 
that GABA is produced from glutamate by glutamic acid 
decarboxylase (GAD), but the action of the glutamate 
pathway is excitatory whereas that of GABA is inhibitory 
to the target receptors.

Cholinergic interneurons represent a small percent-
age of all striatal neurons, but acetylcholine is believed to 
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Figure 16- 7 Schematic illustration of neural circuits involved in the central control of voluntary movement. The circuits involving the basal ganglia and 
cerebellum are shown in green and orange, respectively, and the corticospinal tract is shown in light blue.
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Figure 16- 8 Frontal section of the right cerebral hemisphere showing deep structures. (Courtesy of Dr. Jun Tateishi, Emeritus Professor of Kyushu 
University)

Figure 16- 9 Cytoarchitecture of the striatum and neural circuits of basal ganglia with neurotransmitters. D1: D1 receptor, D2: D2 receptor, DA: dopamine, 
Enk: enkephalin, GABA: gamma- aminobutyric acid, Glu: glutamate, GPe: external segment of globus pallidus, GPi: internal segment of globus pallidus, 
SNc: substantia nigra pars compacta, SP: substance P . (Modified from Brodal, 2004, with permission)
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regulate the function of the striatal microcircuit and striatal 
output (Girasole and Nelson, 2015, for review).

Output from the basal ganglia is mostly through the 
GPi and projects the GABAergic pathway mainly to 

the ventral anterior nucleus (VA) and ventral lateral 
nucleus (ventrolateral nucleus, VL) of thalamus (see 
Figure 27- 1). The receiving areas of the VL are considered 
to correspond to the anterior oral ventral nucleus (Voa) 
and posterior oral ventral nucleus (Vop) by Hassler’s 
terminology (Krack et  al, 2002, for review; Molnar 
et al, 2005).

In Figure 16- 11 is introduced the center surround 
hypothesis, which takes into account the striatal function 
of motor selection (Mink, 2007, for review). According 
to this theory, there is some somatotopic organization 
in the striatum and GPi, and the GABAergic fibers 
from the striatum give rise to focal inhibition of the 
GPi. As a result, the GABAergic output from the GPi 
to the thalamic relay nuclei is focally disinhibited, and 
consequently the glutamatergic pathway from the thal-
amus to the cortex is focally facilitated. By contrast, as 
the glutamatergic excitatory projection from the STN 
to the GPi has no somatotopic organization, it excites 
the GPi rather diffusely. As a result, the thalamic relay 
nuclei are diffusely inhibited and serve to suppress unin-
tended movement. The balance between these two sys-
tems is postulated to play a role in selecting the intended 
movement and suppressing other movements (motor 
selection). In this hypothesis, the direct glutamatergic 
projection from the frontal cortex to STN (hyperdirect 
pathway) also plays a significant role (Mink, 2007, for 
review).
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Figure 16- 10 Neural circuit of basal ganglia and cerebral cortex. Excitatory 
pathways are shown in black arrows and inhibitory pathways are shown 
in red arrows. BS: brainstem, PPN: pedunculopontine nucleus, SC: spinal 
cord, SNc: substantia nigra pars compacta, SNr: substantia nigra pars 
reticulata, STN: subthalamic nucleus. Otherwise the same abbreviations 
as in Figure 16- 9.
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Figure 16- 9 and Figure 16- 10. (Reproduced from Mink, 2007, with permission)
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Nigrostriatal System

The dopaminergic pathway from the substantia nigra pars 
compacta (SNc) to the striatum is crucial in modulating 
the basal ganglia. Its degeneration is clinically important 
in Parkinson disease. Metabolism of dopamine is shown in 
Figure 16- 12a. It excites the D1 receptors of the GABA/ 
SPergic neurons in the striatum (direct pathway) and inhib-
its the D2 receptors of the GABA/enkephalinergic neurons 
(indirect pathway) (Figures 16- 9 and 16- 10). However, the 
distribution of these two receptors is not completely dis-
tinct, and many striatal neurons may have both types of 
receptors though with predominance of one of them.

In Parkinson disease, the dopaminergic neurons in 
SNc selectively degenerate resulting in dopaminergic 
deficiency (Figures 16- 13, 16- 14 and 16- 15). The GABA/ 
enkephalinergic medium spiny neurons are disinhibited, 
and through the indirect pathway they increase activities 
of the STN and GPi, which then inhibits activities of the 
thalamic relay nuclei. This results in a decrease in the glu-
tamatergic thalamocortical projection, thus lowering the 
excitability of motor cortices (Figures 16- 9 and 16- 10). 
The direct pathway neurons are disfacilitated also lead-
ing to increased activity of the GPi. In confirmation, if 
electrical activities are recorded at the time of deep brain 
stimulation (DBS) in patients with Parkinson disease, 
neuronal discharge is abnormally increased in the STN 
and GPi. The projection from the basal ganglia to the 
motor cortex via the thalamus is believed to affect pri-
marily the SMA.

Deep Brain Stimulation in Parkinson Disease

Recently DBS is commonly used for the symptomatic treat-
ment of Parkinson disease (Katz et  al, 2015). For DBS, 
microelectrodes are placed in the GPi or STN and are con-
tinuously stimulated at a frequency of about 130 Hz. In 
view of the fact that the neuronal discharge is increased in 
the two nuclei, it used to be believed that DBS has favor-
able effect by inhibiting the discharges, but its physiological 
mechanism has not been clearly elucidated. In a PET study 
using glucose metabolism, it has been reported that the 
metabolism is even increased in the STN and GPi by the 
stimulation of the STN (Hilker et al, 2008). In fact, it has 
been shown that the neural network in the basal ganglia is 
not a simple circuit of excitatory and inhibitory pathways, 
either in series or in parallel (Figure 16- 10). Moreover, flow 
of impulses among different nuclei of basal ganglia is mostly 
bidirectional. Therefore, it may not be reasonable to ascribe 
the effect of DBS simply to excitation or inhibition.

Recently Brown and his colleagues, based on field 
potential recordings from deep structures in patients with 
Parkinson disease, have reported that oscillation in the β 
band at around 20 Hz shows high correlation among dif-
ferent basal ganglia nuclei as well as between the basal gan-
glia and the motor cortex. Clinically, it has been reported 
that the higher the interregional correlation, the more 
severe the bradykinesia, and that the correlation is sup-
pressed when the patient improves by L- dopa medication 
or DBS (Hammond et  al, 2007, for review). This theory 
that attaches importance to synchronization or reso-
nance among neuronal activities is called the temporal 
information processing hypothesis. For this functional 
interrelationship between the basal ganglia and the motor 
cortex, the direct pathway from the frontal cortex to the 
STN (hyperdirect pathway) seems to play an important 
role in addition to the corticostriatal input and the striato- 
thalamo- cortical output (Figure 16- 11).

Significance of Raphe Nucleus and Locus Coeruleus

The serotonergic raphe nucleus and the noradrenergic locus 
coeruleus are known to project to the SNc and striatum, 
and Lewy bodies have been shown to appear in both nuclei 
at an early stage of Parkinson disease (Box 26). Impairment 
of the raphe nucleus might be related to non- REM sleep 
disorder and depression, which are commonly encountered 
in patients with Parkinson disease, and that of the locus 
coeruleus might be related to sleepiness, REM sleep beha-
vior disorder, and dysfunction of the autonomic nervous 
system, which are also common in this disease.

Parkinsonism

Clinical manifestations of basal ganglia disorders are diverse, 
but they can be largely divided into two groups. One group 
is characterized by an increase in muscle tone and a decrease 
in speed, size, and frequency of movement, and the other 
group is characterized by a decrease in muscle tone and fre-
quent involuntary movements. A typical example of the for-
mer group is Parkinson disease or parkinsonism, in which 
movements are generally slow, small, and scanty. In particu-
lar, it takes time to initiate the intended movement, and the 
movement is slow throughout its execution (bradykinesia). 
In movements requiring repetition, like walking and speak-
ing, each movement becomes increasingly small (sequence 
effect) and the repetition rate increases until it finally stops. 
This phenomenon is called festination; festinating gait for 
small and quick steps and oral festination for quick speech 

 

 

 

 



Figure 16- 12 Synthesis of dopamine (top) and serotonin (bottom). (Reproduced from Brodal, 2010, with permission)
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resembling stuttering (Moreau et al, 2007). Once the patient 
stops walking, it is extremely difficult to start walking again 
(freezing phenomenon, freezing of gait, start hesitation). 
Likewise, hand- written letters become smaller toward the 
end of line (micrographia) (Figure 16- 16), and the voice 
becomes softer while speaking (hypophonia).

Muscle tone is increased in Parkinson disease and 
parkinsonism. When a skeletal muscle is passively 
stretched by the examiner in a relaxed condition, resis-
tance of various degrees is felt by the examiner’s hand 
regardless of the speed of stretch (rigidity). Typically, 

this resistance is felt as trembling and is called the cog-
wheel phenomenon.

Considering the above symptomatology, it is postu-
lated that the basal ganglia keep controlling the state of 
muscles so that a voluntary movement can be executed 
smoothly and quickly. As the basal ganglia are closely 
connected to the ipsilateral motor cortices, the clinical 
manifestations due to a basal ganglia lesion appear in the 
contralateral extremities (Figure 16- 7). Furthermore, as 
the basal ganglia send their descending projections to the 
brainstem and spinal cord through the pedunculopontine 

Healthy control Parkinson disease

Substantia nigra

Figure 16- 13 Transverse sections of midbrain from a patient with Parkinson disease and a healthy control. In Parkinson disease, melanin pigment is lost 
in the substantia nigra pars compacta. (Courtesy of Dr. Jun Tateishi, Emeritus Professor of Kyushu University)

Healthy control Parkinson Parkin mutation

DA

Figure 16- 14 Dopamine (DA) uptake image in the terminal of nigrostriatal fibers in a patient with Parkinson disease and a patient with Parkin gene 
mutation in comparison with a healthy control. Positron emission tomographic (PET) study with 18F- labeled DOPA. DA uptake is decreased in 
Parkinson disease and Parkin gene mutation. (Courtesy of Dr. David Brooks of Hammersmith Hospital, London, UK)
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nucleus (PPN) (Figure 16- 17), a unilateral lesion of the 
basal ganglia is expected to cause motor disturbances bilat-
erally as seen in postural abnormality and gait disturbance 
(Box 27).

Causes of Parkinsonism

Parkinsonism is characterized by bradykinesia, rigid-
ity, resting tremor, and disturbance of postural control. 
The most common cause of parkinsonism is idiopathic 
Parkinson disease, but many of these cases are now recog-
nized to be caused by genetic mutations even without an 
obvious family history. A number of important dominant 
and recessive mutations have been identified. Parkinsonism 
can also be caused by a variety of conditions including vas-
cular disease, side effects of drugs such as phenothiazine 
and sulpiride, intoxication with manganese and carbon 
monoxide, and sequel of acute encephalitis. Parkinsonism 
due to ischemic vascular disease (vascular parkinsonism) 
is commonly encountered, but its diagnostic criteria have 
not been fully established. By contrast with Parkinson 
disease, vascular parkinsonism commonly shows stepwise 
exacerbation of symptoms and poorly responds to L- dopa 
treatment. In addition, the presence of cognitive disorders, 
pyramidal signs, falls, pseudobulbar palsy, or urinary incon-
tinence may also support its diagnosis (Kalra et  al, 2010, 
for review).

There are a variety of neurodegenerative disorders 
that can cause parkinsonism, and a group of hereditary 

BOX 26 NONMOTOR SYMPTOMS/ SIgNS IN PARKINSON 

DISEASE

It has been believed until recently that motor disturbance is the sole 

manifestation of Parkinson disease. As the result of careful history 

taking and clinical evaluation, however, it has become clear that psy-

chiatric symptoms, cognitive disturbance, impairment of autonomic 

nervous system, sleep disorders, and sensory symptoms are not 

rare in this condition. Pathologically, Braak, a neuroanatomist from 

Frankfurt, and his colleagues studied a number of patients who died 

at various (including presymptomatic) stages of Parkinson disease 

and found the appearance of Lewy bodies first in the dorsal motor 

nucleus of vagus and the olfactory bulb, followed by the raphe nu-

cleus, locus coeruleus, amygdala, pedunculopontine nucleus, and 

basal forebrain nucleus, and at a relatively advanced stage in SNc. 

Furthermore, in the more advanced stage, Lewy bodies were found 

even in the mesial aspect of the temporal lobe, insula, and cingulate 

gyrus, and finally in the neocortex of the temporal lobe (Braak & Del 

Tredici, 2008, and Goedert et al, 2013, for review). The insula plays 

an important role in integrating somatosensory, autonomic, and 

cognitive- affective information to guide behavior, and its potential 

role in nonmotor symptoms of Parkinson disease has drawn recent 

attention (Christopher et al, 2014, for review). Although a question 

as to whether Lewy bodies or α- synuclein facilitates neuronal degen-

eration or protects neurons from degeneration is still controversial, 

at least as far as the distribution of Lewy bodies is concerned, it is 

postulated that the typical motor manifestation of Parkinson dis-

ease appears at a relatively advanced stage of its disease process.

Parkinson MSA PSP

DA Raclopride

Figure 16- 15 PET image of receptor binding with D2- selective ligand raclopride in a patient each with Parkinson disease, multiple system atrophy (MSA), 
and progressive supranuclear palsy (PSP). Binding of raclopride is partially decreased in the putamen of MSA and in the caudate of PSP, but preserved 
in the striatum of Parkinson disease. (Courtesy of Dr. Hidenao Fukuyama of Kyoto University)



Before treatment

After treatment

Figure 16- 16 Micrographia seen in a Japanese patient with Parkinson disease. Before treatment, the hand- written letters become smaller toward the end 
of each line, which has improved after treatment.
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Figure 16- 17 Schematic diagram showing the input and output of the pedunculopontine nucleus (PPN) in human. Cd: caudate nucleus, Pt: putamen. 
Otherwise the same abbreviations as in the Figures 16- 9, 16- 10 and 16- 11. (Modified from Jenkinson et al, 2009, with permission)
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diseases manifesting parkinsonism has drawn increas-
ing attention (Table 16- 1). In addition to the diseases 
listed in Table 16- 1, some cases of Gaucher disease have 
been shown to develop parkinsonism and Lewy body 
dementia (see Chapter  22- 2A) (Kraoua et  al, 2009). In 
particular, those patients with heterozygous mutation 
of gluco cerebrosidase gene develop parkinsonism at a 
younger age and commonly have nonmotor symptoms 
such as cognitive disorders and autonomic nervous dis-
turbance (Brockmann et al, 2011; Seto- Salvia et al, 2012; 
Siebert et al, 2014, for review).

A syndrome characterized by parkinsonism of young 
onset and hypoventilation is known as Perry syndrome. In 

this condition, other various symptoms such as depression, 
behavioral abnormality, body weight loss, and vertical gaze 
palsy may be also seen. This is a rare autosomal dominant 
disease due to mutation of DCTN1 gene, and it responds 
to L- dopa (Newsway et al, 2010). Recently several condi-
tions characterized by parkinsonism and brain iron accu-
mulation have drawn increasing attention (Figure 16- 18, 
Box 28).

L- 3,4 dihydroxyphenylalanine (L- dopa) is known to 
be effective almost specifically for Parkinson disease, but 
L- dopa may improve the parkinsonian symptoms in other 
conditions as well, at least at a certain stage of the clinical 
course (Box 29).

Disability Rating Score of Parkinson Disease

On neurologic examination, it is quite important to rate 
the disability state objectively, which will serve as the basis 
for evaluating the effect of treatment. A  commonly used 
disability scale for Parkinson disease is that of Hoehn and 
Yahr (Table 16- 2). As the symptoms and signs of parkin-
sonism tend to fluctuate especially over a course of L- dopa 
treatment (Box 41), the disability also varies according to 
the time when it is evaluated. For reporting the results of 
research or treatment of Parkinson disease internationally, 
the Unified Parkinson’s Disease Rating Scale (UPDRS) is 
commonly used. The revised version of this scale (MDS- 
UPDRS) is made up of evaluation of mentation; beha-
vior and mood; self- evaluation of the activities of daily life 
(ADLs) including speech, swallowing, handwriting, dress-
ing, hygiene, falling, salivating, turning in bed, walking, 
and cutting food; clinician- scored monitored motor evalu-
ation; Hoehn and Yahr staging of severity of Parkinson dis-
ease; Schwab and England ADL scale; and complications 
of treatment (Goetz et  al, 2008). The UPDRS has been 
recently revised.

BOX 27 PEDUNCULOPONTINE NUCLEUS

It is considered that limb movement is influenced by the ba-

sal ganglia mainly through the striato- thalamo- cortico- spinal cir-

cuit, but another pathway through the pedunculopontine nucleus 

(PPN) may be also important (Figure 16- 10). The PPN is located 

in the ventral tegmentum at the borderzone between midbrain 

and pons, and it has fiber connections with many structures of 

the basal ganglia and thalamus. It projects cholinergic descend-

ing fibers to the brainstem and spinal cord (Figure 16- 17). Al-

though the role of the PPN- related pathway in human has not 

been precisely elucidated, it is considered to be involved in the 

control of posture and gait (Jenkinson et al, 2009, for review). It 

is noteworthy that Lewy bodies appear in the PPN at a relatively 

early stage of Parkinson disease (Box 26). In fact, falling is com-

monly encountered in Parkinson disease, and the PPN lesion 

is considered to be one of its causes (Bohnen et  al, 2009). 

Thevathasan et al. (2012) reported that DBS applied to the PPN 

improved reflex function in Parkinson patients who suffered from 

frozen gait and postural instability.

TABLE 16-  1  NEURODEgENERATIVE DISEASES PRESENTINg WITH PARKINSONISM

Classical parkinsonism

 Sporadic: idiopathic Parkinson disease

 Hereditary: mutation of LRRK2, SNCA, Parkin, PINK1 and DJ- 1 gene, and SCA2, etc.

Atypical parkinsonism

 Sporadic:  Lewy body disease, multiple system atrophy, progressive supranuclear palsy,   
corticobasal degeneration, etc.

 Hereditary: mutation of FTDP- 17 and SNCA, etc.

(from Galpern & Lang, 2006)
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C .   C E R E B E L L U M

The cerebellum is a relatively large symmetric structure 
located in the posterior cranial fossa, and plays an import-
ant role in regulating the activity of motor cortices through 
the circuit with the cerebral cortex (Figure 16- 7).

Cytoarchitecture of Cerebellum

The cerebellum receives cerebral input mainly from the 
frontal cortex through the corticopontine tract, which 
descends through the medial and lateral borders of the cere-
bral peduncle to project to the ipsilateral pontine nucleus 
(see Figure  5- 2). The output projection from the pontine 
nucleus crosses at that level and reaches the contralateral 
cerebellar cortex through the middle cerebellar peduncle 
(brachium conjuntivum) (Figure 16- 19).

In the cerebellar cortex, the middle cerebellar peduncle 
projects to the granule cells of the granular layer as mossy 

fibers, and axons of the granule cells project to the molec-
ular layer, where they form the parallel fibers. Cerebellar 
granule cells are the most numerous cells in the brain. The 
parallel fibers make synaptic contact with the dendrites 
of Purkinje cells (Figure 16- 20). Axons of Purkinje 
cells project to the deep cerebellar (intracerebellar)  
nuclei. The main output from the cerebellum to the 
cerebral cortex originates in the dentate nucleus and 
ascends as the dentatothalamic tract (superior cere-
bellar peduncle), which crosses at the lower midbrain 
to pass through the red nucleus and projects to the ven-
tral lateral nucleus (VL) of the contralateral thalamus 
(Figures 16- 7 and 16- 19). This area of the thalamus cor-
responds to the ventral intermediate nucleus (Vim) of 
Hassler’s nomenclature (Krack et  al, 2002, for review; 
Molnar et al, 2005). The dentato- thalamo- cortical path-
way projects primarily to the lateral premotor area and 
the MI.

Figure 16- 18 “The eye- of- the- tiger sign” on MRI in a patient with pantothenate kinase- associated neurodegeneration (PKAN). (Reproduced from Valentino 
et al, 2006, with permission)
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Cerebellar Circuit and Clinical Symptomatology

As the input from the cerebral cortex to the cerebellum 
crosses at the pons as the middle cerebellar peduncle, and as 
the output from the cerebellum to the motor cortex crosses 
at the midbrain as the superior cerebellar peduncle, the cer-
ebellar hemisphere is functionally connected to the con-
tralateral cerebral hemisphere (Figure 16- 7). Therefore, if 
a cerebellar hemisphere is unilaterally involved by a lesion, 
the motor disturbance is expected to occur in the ipsilat-
eral extremities. This circuit is considered to regulate the 

motor cortex so that the limb movement can be executed 
skillfully, and its impairment will result in clumsy execu-
tion of voluntary movement (ataxia). Namely, all volun-
tary movements including eye movements, speaking, and 
limb movements are executed with large variability in size 
and time interval and with unstable rhythm. For speech, 
the sounds become suddenly loud (explosive speech), and 
the intervals among syllables become slurred and variable 
(scanning speech, slurred speech). Limb movements 
become clumsy because the related muscles cannot con-
tract appropriately (incoordination, decomposition of 
movement), and they often overshoot the target (dysme-
tria, hypermetria). Furthermore, repetitive alternating 
movements (diadochokinesis) such as pronation and supi-
nation of hands are poorly executed (adiadochokinesis, 
dysdiadochokinesis).

For cerebellar control of limb movement, the neocer-
ebellum (embryologically new cerebellum) which corre-
sponds to the cerebellar hemispheres plays an important 
role (Figure 16- 21). In the cerebellar cortex, there is some 
somatotopic organization.

BOX 28 NEURODEgENERATION WITH BRAIN IRON 

ACCUMULATION (NBIA)

Some neurodegenerative diseases are characterized by accu-

mulation of iron in the brain, and most of them are hereditary. 

Those are PKAN (see below), phospholipase A2G6- associated 

neurodegeneration, fatty acid 2- hydroxylase- associated neuro-

degeneration, Kufor- Rakeb disease, FA2H- associated neurode-

generation, aceruloplasminemia, neuroferritinopathy, and SEN-

DA (see below), and some investigators even include Friedreich 

ataxia in this group (Schipper, 2012, and Schneider et al, 2012, 

for review). Pantothenate kinase- associated neurodegeneration 

(PKAN), previously known as Hallervorden- Spatz syndrome, is an 

autosomal recessive disease that presents with parkinsonism, 

dystonia, and cognitive disturbance in children or young adults 

(Kruer et al, 2011). Since iron accumulates in the GPi in this con-

dition, the T2- weighted MRI shows a linear high- signal region in 

the middle of a low- signal region in the globus pallidus bilaterally 

(the eye- of- the- tiger sign) (Figure 16- 18) (Valentino et al, 2006). 

Kufor- Rakeb disease is an autosomal recessive disease that 

presents with dopa- responsive parkinsonism, pyramidal signs, 

supranuclear upward gaze palsy, and cognitive impairment in 

puberty (Schneider et al, 2012, for review). Aceruloplasminemia 

is an autosomal recessive disease and presents with cerebellar 

ataxia, parkinsonism, and other neurologic symptoms in addition 

to diabetes mellitus and retinal degeneration (Hida et al, 2010). 

Neuroferritinopathy is an autosomal dominant disease and is an 

important entity when considering the differential diagnosis for 

extrapyramidal disorders. Static encephalopathy of childhood with 

neurodegeneration in adulthood (SENDA) is an X- linked dominant 

disorder characterized by developmental delay in early childhood 

followed by progressive parkinsonism, dystonia, spasticity, and in-

tellectual decline, and MRI findings suggestive of iron deposition 

in the globus pallidus and substantia nigra (Ozawa et al, 2014). 

This condition is now reclassified as beta- propeller protein associ-

ated neurodegeneration (BPAN) (Paudel et al, 2015).

BOX 29 CONDITIONS OTHER THAN PARKINSON DISEASE 

IN WHICH L- DOPA MAY IMPROVE THE PARKINSONIAN 

SYMPTOMS

Patients with multiple system atrophy predominantly present-

ing with parkinsonism (MSA- P) (see Box 69) may respond to L- 

dopa in the initial stage. Among spinocerebellar ataxias (SCA), 

the patients with SCA2, SCA6, SCA8, and SCA17 may present 

with parkinsonism initially, in whom L- dopa may ameliorate 

the parkinsonism. In dystonia- parkinsonism syndrome (DYT3, 

lubag), the initial symptoms of dystonia may be replaced by 

parkinsonism later and may respond to L- dopa. In the auto-

somal recessive dopamine- responsive dystonia with Segawa’s 

syndrome (see Chapter  18- 6) and in the hereditary dystonia 

due to sepiaptelin reductase deficiency (see Chapter 18- 6), L- 

dopa is effective. Patients with tyrosine hydroxylase deficien-

cy, an autosomal recessive disease, present with myoclonus- 

dystonia syndrome and may respond to L- dopa (Stamelou et al, 

2012). Kufor- Rakeb disease, an autosomal recessive neuro-

degenerative disease with brain iron accumulation (Box 28), 

responds to L- dopa; and Perry syndrome with parkinsonism 

and hypoventilation may also respond to L- dopa. Furthermore, 

restless legs syndrome, although it may not belong to the neu-

rodegenerative diseases in the narrow sense, responds to L- 

dopa, and so does the resting tremor due to midbrain infarction  

(see Box 49).
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The outputs from the vestibular nerve and the medial and 
inferior vestibular nuclei are projected through the inferior 
cerebellar peduncle to the vermis, flocculus, and nodulus 
of the cerebellum, which corresponds to the archicerebel-
lum (Figure 16- 21). If this region is involved by a lesion, 
equilibrium of trunk is impaired (truncal ataxia). As was 
described in Chapter 13- 1, a localized lesion in the cerebel-
lum could cause vertigo in relation to this connection.

A large part of the cerebellar vermis and the medial 
part of the cerebellar hemisphere belong to the paleocer-
ebellum (Figure 16- 21). The anterior lobe of the cerebel-
lum receives projection from the proprioceptive receptors 
of muscles through the spinocerebellar tracts (Figure 16- 
19). The spinocerebellar tracts ascend through the most 
lateral part of the spinal cord as the dorsal and ventral 
spinocerebellar tracts. The dorsal spinocerebellar tract 

TABLE 16-  2  THE HOEHN AND YAHR SCALE FOR THE LEVEL OF DISABILITY IN  
PARKINSON DISEASE

Stage 0— no signs of disease

Stage 1— symptoms on one side only (unilateral)

Stage 1.5— symptoms unilateral and also involving the neck and spine

Stage 2— symptoms on both sides (bilateral) but no impairment of balance

Stage 2.5—  mild bilateral symptoms with recovery when the “pull” test is given (the doctor stands 
behind the person and asks them to maintain their balance when pulled backward)

Stage 3— balance impairment. Mild to moderate disease. Physically independent

Stage 4— severe disability, but still able to walk or stand unassisted

Stage 5— needing a wheelchair or bedridden unless assisted

VESTIBULUM

Spinocerebellar tract

Middle cerebellar peduncle
Inferior cerebellar peduncle
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MUSCLE

Dorsal root
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Superior cerebellar peduncle

Dentate nucleus
Purkinje cell

Figure 16- 19 Input and output circuits of cerebellum. In this figure, the input from the vestibular nuclei of brainstem is not shown, and only the direct 
input from vestibulum is shown (see Chapter 13- 1).
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Figure 16- 20 Schematic diagram showing cytoarchitecture of the cerebellar cortex. (Reproduced from Brodal, 2010, with permission)
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Figure 16- 21 Embryological division of cerebellum.



16.  MOTOR FUNCTIONS 129

originates in the column of Clarke in the posterior horn 
and ascends through the dorsal lateral cord to project to 
the ipsilateral cerebellum. The ventral spinocerebellar 
tract originates in the interneurons of layer 7 in the pos-
terior horn caudal to the midthoracic level, and crosses 
and ascends through the contralateral lateral column to 
project to the cerebellum through the superior cerebellar 
peduncle, and most fibers cross again in the cerebellum. 
The function of the spinocerebellar tracts has not been 
fully elucidated, but it is believed that the dorsal tract 
sends information about complex joint movements to 
the cerebellum while the ventral tract sends information 
about the activity of inhibitory interneurons (Brodal, 
2010, for review). Clinically, it is also believed to control 
muscle tone. In an acute cerebellar lesion, muscle tone is 
said to be decreased, but this is not always the case, and 
its underlying mechanism has not been fully clarified. It 
is known that section of the spinocerebellar tract at the 
time of spinal surgery does not cause any ataxia.

Another input to the cerebellum comes from the 
inferior olive (Figure 16- 19). The inferior olive receives 
input from the ipsilateral red nucleus and probably also 
from the hypothalamus through the central tegmental 
tract. There may be also a direct pathway from the den-
tate nucleus of the contralateral cerebellum through the 
superior cerebellar peduncle and the central tegmental 
tract, forming the Guillain- Mollaret triangle (see Box 
60). Fibers from the inferior olive cross at that level and 
project through the inferior cerebellar peduncle directly 
to the contralateral deep cerebellar nuclei as the climbing 
fibers. The function of this circuit has not been clearly 
elucidated, but the inferior olive may be related to adapta-
tion learning that is an important function of cerebellum.

Spinocerebellar Degeneration

A number of neurodegenerative disorders primar-
ily involving the cerebellum are known, and recently 
genetic abnormalities have been identified in many of 
them. Among those disorders, a group of diseases of 
autosomal dominant inheritance is categorized into 
spinocerebellar ataxia (SCA), and now more than 
35 diseases have been reported in the category (Durr, 
2010, for review; Ikeda et al, 2012; Sugihara et al, 2012; 
Guo et  al, 2014; Smets et  al, 2014). Genetically SCA 
is classified into three groups. The first group is char-
acterized by polyglutamine deposit in neurons due to 
CAG repeat expansion (triplet repeat disease) and is 
known as polyglutamine disease. To this group belong 
SCA1, SCA2, SCA3, SCA6, SCA7, SCA17 and 

dentato- rubro- pallido- luysian atrophy (DRPLA). 
Besides SCA, Huntington disease (see Box 51) and bul-
bospinal muscular atrophy (Box 33) also belong to the 
triplet repeat disease.

The second group of SCA also belongs to the trip-
let repeat disease, but in this group the repeat is in the 
intron rather than the exon. The mechanism of damage 
of such mutations is not clear, but is believed by some 
to be mediated by RNA (Todd & Paulson, 2010, for 
review). To this group SCA10 and SCA12 and probably 
SCA8 belong. Other diseases like myotonic dystrophy 
and fragile X- associated tremor/ ataxia syndrome also 
belong to the same genetic category. The third group of 
SCA is due to the ordinary single base pair mutation, 
and SCA5, SCA13, SCA14, and SCA27 belong to 
this group.

Prevalence of SCAs is different among ethnic groups. 
In Japan, for example, SCA3 (Machado- Joseph disease), 
SCA6, chromosome 16q- linked dominant cerebellar ataxia, 
and DRPLA are common. Among others, SCA6 is charac-
terized by pure cerebellar ataxia of late onset and sporadic 
occurrence. Some types of SCA are associated with unique 
clinical features. Machado- Joseph disease typically begins 
between the ages of 20 and 50 years, and is characterized by 
cerebellar ataxia, progressive external ophthalmoplegia, fas-
ciculation in facial muscles, dysarthria, dysphagia, pyramidal 
signs, dystonia, rigidity, and distal muscle atrophy. SCA36 
is characterized by cerebellar ataxia of late onset associated 
with motor neuron involvement (Ikeda et al, 2012).

In many triplet repeat diseases, it is known that the 
long er the repeat expansion, the greater is the disease sever-
ity. Furthermore, the repeat expansion tends to be longer 
in the offspring so that the onset age becomes younger in 
succeeding generations (anticipation).

There is also a group of cerebellar degenerative disor-
ders of autosomal recessive inheritance. Friedreich ataxia 
is its representative form, and in fact it is the most common 
cause of hereditary cerebellar ataxia in the world (Fogel & 
Perlman, 2007, for review). This is due to a GAA expan-
sion in the first intron of the frataxin gene on the chromo-
some 9q13. Clinically, ataxia of gait and limb movement, 
dysarthria, loss of vibration and joint position sense, loss 
of tendon reflexes, and pyramidal signs start at age 5 ~ 
25 years (Koeppen, 2011, for review). Pathologically, it is 
characterized by degeneration of large sensory neurons in 
the dorsal root ganglion, dentate nucleus of the cerebel-
lum, and upper motor neurons. Friedreich ataxia is con-
ventionally classified into spinal ataxia, but diagnostically 
it is important to note that there are also abnormalities 
in eye movements such as square- wave jerks and ocular 

 



130 T H E  N E U R O L O g I C  E X A M I N A T I O N

flutter, although the saccadic speed has been reported 
to be normal (Fahey et al, 2008). Furthermore, systemic 
abnormalities such as cardiomyopathy, diabetes mellitus, 
scoliosis, and pes cavus are common, and in fact cardiomy-
opathy is the most common cause of death in this disease.

A variety of conditions may manifest clinical symptom-
atology similar to Freidreich ataxia. Those include vitamin 
E deficiency, abetalipoproteinemia (Bassen- Kornzweig 
disease) (Box 30), Refsum disease, cerebrotendinous xan-
thomatosis (Box 31), mitochondrial encephalomyopathy 
(see Box 57), ataxia- telangiectasia (Louis- Bar syndrome), 
early- onset ataxia with ocular motor apraxia and hypoal-
buminemia (Yokoseki et  al, 2011), Charlevoix- Saquenay 
syndrome (Box 37), and Marinesco- Sjögren syndrome 
(Box  31). Ataxia telangiectasia is an autosomal reces-
sive hereditary disease due to mutation of the ATM gene. 
The disease exhibits progressive cerebellar ataxia in early 
childhood associated with conjunctival telangiectasia, 
immunoglobulin deficiency leading to recurrent infec-
tions, endocrine abnormalities, and increased risk of can-
cer. When children with this condition grow up, they may 
show a wide spectrum of movement disorders.

Acquired Cerebellar Ataxia

A number of acquired conditions due to toxic, inflamma-
tory, metabolic, and autoimmune disorders may present 
with ataxia, and some of them may show clinical pictures 
similar to the neurodegenerative disorders. As many of 

them are treatable if diagnosed in the early stage of illness, 
the diagnosis of those conditions is important (Ramirez- 
Zamora et al, 2015, for review).

The cerebellum is especially vulnerable to ethanol, 
pharmaceutical drugs such as diphenylhydantoin and lith-
ium, and some heavy metals (toxic cerebellar diseases). 
Hunter- Russell syndrome (Minamata disease) is a typical 
example of organic mercury poisoning (see Chapter 1- 1). 
The cerebellum is also a predilection for the demyelinating 
plaques in multiple sclerosis.

Purkinje cells are vulnerable to autoimmune pathology 
in relation to either viral infection or neoplasm of other 
organs. The latter condition is called subacute cerebellar 
degeneration, which is associated with elevated anti- Yo 
antibody in association with cancer of the uterus, ovary, 
or breast or with elevated antibody against voltage- gated 
calcium channel (VGCC) in association with pulmonary 
small cell carcinoma (see Chapter 25- 2). Other antibodies 
such as anti- Hu, anti- Ri, anti- CV2, anti- Tr, anti- Ma, anti- 
Ta, anti-zic 4, and anti- mGluR1 might also be detected in 
paraneoplastic cerebellar degeneration.

BOX 30 BASSEN- KORNZWEIg DISEASE

The authors saw a 36- year- old man with genetically proved 

Bassen- Kornzweig disease at NINDS, NIH. The patient was not-

ed to have clumsy hand movement at age 5 years, and difficulty 

in writing and walking and tremor in head and voice at age 14. 

At age 16, loss of tendon reflexes, decrease in joint position 

sense and vibration sense, abetalipoproteinemia, hypocholes-

terolemia, acanthocytosis, decreased vitamin E level in serum, 

and steatorrhea were found. There was no similar disease in his 

family except for hand tremor. Neurologically, there were postural 

and action tremors in the head, limb, and truncal ataxia, hypoto-

nia of limbs and ataxic- spastic gait. There was no pseudoatheto-

sis, and Romberg sign was negative. This disease was reported 

by Bassen and Kornzweig of New York in 1950 as a case of atyp-

ical retinal pigment degeneration and acanthocytosis (Bassen & 

Kornzweig, 1950). This is inherited in an autosomal recessive 

trait, and mutation of microsomal triglyceride transfer protein 

(MTP) gene has been reported (Zamel et al, 2008).

BOX 31 HEREDITARY DISORDERS CHARACTERIZED 

BY CEREBELLAR ATAXIA, SPASTIC PARALYSIS, AND CATARACT

Cerebrotendinous xanthomatosis and Marinesco-Sjögren syn-

drome are clinically similar in that both are inherited in autosomal 

recessive trait and both manifest cataracts and cerebellar ataxia 

from childhood. Cerebrotendinous xanthomatosis is caused by 

mutation of the CYP27A1 gene and is characterized by deposit of 

cholestanol in the brain, lens, and tendon due to lack of sterol- 27- 

hydroxylase, which interferes with the synthesis of chenodeoxy-

cholic acid (CDCA). Clinically, cataract and xanthoma in the tendon 

appear in the school age child or young adult, and psychomotor re-

tardation, cognitive decline, cerebellar ataxia, and pyramidal signs 

are seen. In addition, epileptic attacks, parkinsonism, psychiatric 

symptoms, and polyneuropathy may be also seen. The diagnosis 

is made by documenting enlargement of the Achilles tendon by vi-

sual inspection and MRI, and elevated cholestanol in the serum. It 

has been reported that supplementation of CDCA ameliorates the 

cholestanol deposit (Pilo- de- la- Fuente et  al, 2011). By contrast, 

Marinesco-Sjögren syndrome is characterized by appearance of 

cataracts, cerebellar ataxia, psychomotor retardation, chronic my-

opathy, small stature, hypogonadotropic hypogonadism and skel-

etal abnormalities in infancy, thus clinically resembling cerebro-

tendinous xanthomatosis. In a large proportion of cases with this 

condition, mutation of SILI gene on chromosome 5q31 has been 

detected (Yis et al, 2011; Krieger et al, 2013).
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Subacute combined degeneration of the spinal cord due 
to vitamin B12 deficiency, although it does not directly involve 
the cerebellum, may manifest as an ataxic- like gait due to pro-
prioceptive loss in the lower extremities in addition to hyper-
active tendon reflexes (other than at the ankle) and Babinski 
signs. The ankle jerk may be lost because of the coexistence 
of polyneuropathy (see Chapter  19- 2C). Its most common 
cause is pernicious anemia, but it may be also caused by gastric 
resection and other forms of malnutrition. Pathologically, it is 
characterized by myelin loss of the posterior column and the 
lateral column of the spinal cord. When it is severe, it may also 
damage cerebral white matter and cause cognitive impairment. 
Therefore, this condition is an important differential diagnosis 
for spinocerebellar degeneration.

Since Hadjivassiliou et  al. of Sheffield reported 28 
patients with gluten- sensitive ataxia in 1998, this con-
dition has drawn the attention of many investigators 
(Hadjivassiliou et al, 1998; Hernandez- Lahoz et al, 2014). 
Gluten ataxia is characterized by sporadic, progressive cere-
bellar ataxia of late onset and elevated antigliadin antibodies 
in the serum. The entity is highly controversial, but is now 

considered by some to be a gluten- induced autoimmune 
disease. A  gluten- free diet is recommended for treatment 
although no controlled studies have been done (Hernandez- 
Lahoz et al, 2014).

Tumors of the Cerebellum

Tumors of the cerebellum are more common in children 
than in adults, and most of them are astrocytomas or 
medulloblastomas. In adults, hemangioblastoma is the 
most common tumor of the cerebellum. Familial hemangio-
blastoma is known as von Hippel- Lindau disease, which, 
in addition to hemangioblastoma in the central nervous 
system and retina, is often complicated by pheochromocy-
toma and tumors in other visceral organs (Frantzen et  al, 
2012; Binderup et al, 2015). Lhermitte- Duclos disease is 
cerebellar dysplastic gangliocytoma, which is characterized 
by a striated appearance on MRI (Figure 16- 22), and this 
tumor is commonly associated with an autosomal domi-
nant hereditary cancer syndrome called Cowden syndrome 
(Abi Lahoud et al, 2014; Mester  & Eng, 2015, for review).

Figure 16- 22 A striated mass lesion in the left cerebellar hemisphere on T1- weighted MRI (Lhermitte- Duclos disease) in a 24- year- old patient with 
Cowden syndrome. (Courtesy of Dr. Hidefumi Suzuki, Ijinkai Takeda General Hospital, Kyoto)
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3.   EXAMINATION OF MOTOR FUNCTIONS

Motor system can be examined in the following order. In 
general, the examination may start with observation of vis-
ible findings, followed by manual examination of objective 
findings, and finally observation of the execution of the 
patient’s voluntary movements; namely posture, the pres-
ence or absence of muscle atrophy and fasciculation, mus-
cle power (muscle strength), muscle tone, the presence or 
absence of muscle spasm and myotonia, and coordination.

A .   P O S T U R E

First it is useful to observe the posture of upper limbs 
while they are kept in the natural position or in the 
forward- extended position. Any abnormal posture, espe-
cially of twisted nature, suggests a possibility of dystonia. 
If it is simply an abnormal posture of either flexion or 
extension, the range of joint motion should be tested in 
order to exclude joint pathology. Generally speaking, pos-
tural abnormality due to central nervous system pathol-
ogy tends to disappear during sleep, whereas abnormality 
of the joint itself is unchanged during sleep. Patients with 
spastic hemiplegia show a characteristic posture with the 
upper limb flexed and with the lower limb extended and 
externally rotated (Wernicke- Mann posture). Postural 
abnormality of basal ganglia disorders, especially of 
Parkinson disease, has been described in Chapter 15- 1.

B .   M U S C L E  A T R O P H Y  A N D  FA S C I C U L A T I O N

If the history suggests a possibility of neuromuscular dis-
eases, muscles should be carefully examined by visual 
inspection and palpation.

Muscle Atrophy

First of all, muscle volume should be carefully observed or 
palpated. If there is muscle atrophy, its distribution should 
be evaluated in detail. Generally speaking, in myopathy 
like progressive muscular dystrophy, atrophy is seen 
mainly in the muscles of shoulder and pelvic girdles, and 
of proximal limbs. A typical form is limb- girdle muscu-
lar dystrophy (Narayanaswami et  al, 2014), but facio-
scapulohumeral muscular dystrophy (FSMD) is not 
rare (Deenen et al, 2014). There are two types in FSMD, 
and FSMD type 1 results from deletion of a critical num-
ber of D4Z4 repeats on the A allele (Tawil et al, 2015). In 
these conditions, the scapula may look protruded back-
ward because of atrophy of the adjacent muscles (scapula 
alata, winged scapula) (Figure 16- 23). Oculopharyngeal 
muscular dystrophy shows an unusual distribution of 
muscle atrophy for myopathy. It is an autosomal dominant 
hereditary myopathy due to GCN repeat expansion of the 
PABPN1 gene and it is associated with cognitive decline 
in some cases (Mizoi et al, 2011). The distribution of mus-
cle atrophy in Emery- Dreifuss syndrome is the same as 
that of ordinary limb- girdle muscular dystrophy, but it is 

Figure 16- 23 Scapular winging (scapula alata) seen in a patient with facioscapulohumeral muscular dystrophy. (Courtesy of Dr. Akio Ikeda of Kyoto 
University)
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characterized by joint contracture and cardiomyopathy 
with conduction block (Liang et al, 2011).

The distal predominance of muscle atrophy usually sug-
gests neurogenic muscle atrophy, but exceptions are not 
rare, like distal myopathy and myotonic dystrophy. Three 
groups of distal muscular dystrophy are known; Welander 
type of autosomal dominant inheritance, and Nonaka type 
and Miyoshi type of autosomal recessive inheritance. In the 
Miyoshi type, the calf muscle is predominantly affected and 
the serum creatine kinase is elevated, whereas in the Nonaka 
type the atrophy of the calf muscle is little if any. In inclu-
sion body myositis (Box 32), the quadriceps femoris muscle 
is mainly involved in the lower limb whereas, in the upper 
limb, the finger flexor and extensor muscles are primarily 
affected.

By contrast, Kugelberg- Welander disease is a pro-
gressive spinal muscular atrophy of juvenile onset and of 
autosomal recessive inheritance, but in this case atrophy is 
primarily seen in the proximal muscles in spite of the fact 
that it is a typical neurogenic muscle atrophy associated 
with fasciculation. In bulbospinal muscular atrophy, 
neurogenic muscle atrophy is seen in the bulbar muscles 
and proximal limb muscles (Box 33) (see Figure 14- 7).

Amyotrophic lateral sclerosis (ALS) is one of the 
most incurable neurological diseases, characterized by 

rapidly progressive neurogenic muscle atrophy occurring 
in adults above middle age. Muscle atrophy and weak-
ness of the limbs usually start distally, but they may also 
start from the proximal upper limb (Figure 16- 24) or 
bulbar muscles. It is usually sporadic, but about 10% of 
cases are familial. In 1993, the superoxide dismutase  1 
(SOD1) gene was reported as a responsible cause of 
familial cases, and it is found in about 20% of the familial 
cases, but more recently, mutation of other genes includ-
ing TARDBP, FUS, optineurin, and VCP has been dis-
covered (Yamashita & Ando, 2015, for review). Some 
of these gene mutations have been found also in other 
neurodegenerative diseases (Renton et  al, 2011)  (see 
Chapter  22- 2B). C9orf72 hexanucleotide repeat expan-
sions are the most common cause of familial frontotem-
poral dementia and ALS, although patients with ALS 
with these expansions more frequently show behavioral 
and cognitive symptoms than those with classical ALS 
(Rohrer et al, 2015, for review).

In muscle atrophy following a nerve lesion, the speed 
of development of muscle atrophy and its severity heavily 
depend on etiology (whether trauma or inflammation), 
speed and severity of the nerve damage, and especially 
which of the two pathologies, axonal damage versus demye-
lination, is predominant (see Chapter 30- 1).

BOX 32 INCLUSION BODY MYOSITIS

This myopathy used to be considered as a kind of chronic myosi-

tis because of the presence of unique inclusion body in the cyto-

plasm as well as in the nucleus of muscle cells. It may be hered-

itary but most cases are sporadic. The sporadic form mainly af-

fects males older than 50 years. Muscle atrophy and weakness 

are mainly seen in the quadriceps femoris muscle and the finger 

flexors and extensors (Lloyd et al, 2014). The clinical course is 

slowly progressive, and there is no effect of immunosuppressive 

treatments (Mastaglia & Needham, 2015, for review). As a re-

sult of long- term follow- up study of many sporadic cases, it was 

shown that daily activity is significantly impaired due to progres-

sive muscle weakness (Benveniste et al, 2011; Cox et al, 2011). 

Recently the deposit of β amyloid has been demonstrated in the 

muscle fibers of patients with this condition, and it has drawn 

special attention in relation to the mixture of an aging effect and 

inflammation. In relation to this, it should be noted that a simi-

lar term “hereditary inclusion body myopathy” is applied to the 

condition histologically characterized by “distal myopathy with 

rimmed vacuoles.”

BOX 33 BULBOSPINAL MUSCULAR ATROPHY

This is characterized by slowly progressive bulbar palsy and neuro-

genic muscle atrophy predominantly involving the proximal limbs in 

males over middle age and is often associated with gynecomastia 

and testicular atrophy. This clinical picture was initially described 

by Kawahara of Nagoya University at the end of the 19th centu-

ry, and Kennedy, Alter, & Sung of Minnesota University in 1968 

coined the term “progressive proximal spinal and bulbar muscular 

atrophy of late onset” for this condition. This is a polyglutamine 

disease due to a CAG repeat in the androgen receptor gene on 

chromosome Xq11- 12. Extraocular muscles are not involved, but 

unlike amyotrophic lateral sclerosis, the upper motor neuron is 

not affected and its clinical course is much slower (Chahin et al, 

2008). There is a deposit of pathogenic androgen receptors in 

the nucleus of the remaining neurons, and the effect of androgen 

deprivation therapy has been experimentally shown by Sobue and 

his group (Adachi et al, 2007). Recently, in a double blind, long- 

standing follow- up study in patients who were treated with subcu-

taneous injection of anti-androgen leuprorelin, it was shown to be 

effective for slowing progression of motor disabilities.
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Fasciculation

Irregular twitches observed in the resting muscle are called 
fasciculations and are pathognomonic of neurogenic 
muscle disease. Therefore, if muscle atrophy is found, the 
presence or absence of fasciculation should be carefully 
examined. This phenomenon is caused by an increased 
spontaneous discharge of an enlarged motor unit as a 
result of reinnervation following chronic denervation. 
If fasciculation occurs in small muscles like the hand 
intrinsic muscles, it manifests as small finger movements 
resembling tremor. In this case, twitches may be palpable 
in individual interosseous muscles, which will exclude a 
possibility of tremor. Occasionally, fasciculation might be 
seen in healthy subjects with no muscle atrophy (benign 
fasciculation).

In active degeneration of anterior horn cells, the needle 
EMG of the completely resting muscle might delineate small 
muscle discharges (fibrillation) and positive sharp waves, 
both of which are called denervation potentials. This rep-
resents the spontaneous activity of single muscle fibers.

Myokymia is a continuous, relatively slow undulation 
seen in the surface of muscle, and it is thought to be gener-
ated by an abnormal excitability of anterior horn cells like 
fasciculation. The needle EMG will show repetitive bursts 

of rhythmic discharges of a single motor unit potential 
associated with this phenomenon.

Muscle Hypertrophy

Muscle can be hypertrophic in some conditions. Calf mus-
cle may look enlarged in patients with Duchenne muscu-
lar dystrophy and those with Becker muscular dystrophy 
of late onset, but this phenomenon is considered to be 
pseudohypertrophy because it is not real hypertrophy of 
the muscle fiber. In some patients with muscular dystrophy, 
a part of the biceps brachii muscle may look swollen like a 
ball (boule musculaire). Muscle hypertrophy may appear 
in patients with hypothyroid myopathy. This condition is 
called Hoffmann syndrome in the adults and Kocher- 
Debre- Semelaigne syndrome in infants.

Firmness and tenderness of muscle can be checked by 
palpation and pressing with the examiner’s fingers. In poly-
myositis, muscle is often painful spontaneously as well as 
on pressure and may feel firm likely due to inflammatory 
changes.

C .   M U S C L E  S T R E N g T H

As muscle strength varies even among healthy subjects 
depending on sex, age, and body build, it is important to 
evaluate strength of the muscle in question in compari-
son with normal muscles in each individual. How much 
in detail the muscle strength should be evaluated depends 
on the tentative clinical diagnosis derived from the history 
taking. If detailed information about the muscle strength 
was judged to be unnecessary from the history, it is prac-
tical to test a few representative muscles from the proxi-
mal and distal limbs. It is important to pay attention to 
the symmetry between two sides, but there may be signif-
icant asymmetry even in healthy subjects depending on 
the handedness, occupation, and sports of the subject. In 
patients with mild hemiparesis, if both upper limbs are 
held in extension straight forward at the shoulder level 
with the palm up, the weaker arm might fall depending on 
the degree of weakness. This phenomenon is called Barré 
sign. This phenomenon becomes manifest especially when 
the eyes are closed, but in this case it has to be judged 
whether it is due to weakness or pseudoathetosis as a result 
of proprioceptive loss (see Chapter 19- 2B). A similar phe-
nomenon can be observed in the lower limbs if the lower 
legs are kept raised by flexing the knees with the patient 
placed in the prone position.

Figure 16- 24 Muscle atrophy in the right shoulder girdle and proximal upper 
limb seen in a patient with clinical diagnosis of amyotrophic lateral 
sclerosis and progressive supranuclear palsy. (Courtesy of Dr. Manabu 
Inoue, Ijinkai Takeda General Hospital, Kyoto)
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Manual Muscle Testing

In order to express the degree of weakness quantitatively, man-
ual muscle testing or manual strength testing is used. In the 
MRC scale shown below, the degree of weakness can be rated 
into 5 categories (0 to 4) while normal strength is rated 5.

5: normal

4:  good (weaker than normal, but the patient can move 
against the examiner’s moderate resistance)

3: fair (can move well against gravity)

2: poor (can move well if gravity is removed)

1:  trace (can contract the muscle but no joint   
movement)

0: zero (complete paralysis)

In the above manual muscle testing, if scale 4 is judged 
insufficiently precise, intermediate ratings of 4-  or 4+ can 
be used.

Muscle Pain

In patients with severe muscle pain (myalgia), it may be dif-
ficult to evaluate the muscle strength precisely. Although 
myalgia is common in polymyositis and dermatomyositis 
(see Chapter  3- 1), myalgia is more severe in the condition 
called polymyalgia rheumatica. This is a systemic angitis 
seen in aged subjects and shares pathogenesis with temporal 
arteritis (see Chapter  7- 1A). In fact, these two conditions 
commonly coincide or occur independently in the same 
patient. It is characterized by marked elevation of erythrocyte 
sedimentation rate and good response to corticosteroid treat-
ment. By contrast, polymyositis is characterized by predomi-
nant muscle weakness with relatively mild myalgia, myogenic 
abnormality on the needle EMG, and elevated creatine kinase 
level in the serum. Regarding the needle EMG, it should be 
kept in mind that, in polymyositis, the so- called active dener-
vation potentials like fibrillation and positive sharp waves 
can be observed especially upon needle insertion. This is con-
sidered to be due to denervation which could result either 
from segmental necrosis of muscle fibers separated from the 
end- plate region or from involvement of the terminal nerve 
endings (Kimura, 2013, for review). It is important to keep in 
mind that dermatomyositis in aged subjects is often a mani-
festation of paraneoplastic syndrome (see Box 5).

A condition similar to polymyalgia rheumatica, but 
more often associated with widespread musculoskeletal 

pain accompanied by fatigue, but no objective findings, is 
sometimes diagnosed as fibromyalgia. It is more common 
in females than in males, and there are often tender spots 
on the shoulder, low back, and proximal lower limbs. As 
there is no specific laboratory abnormality in this condi-
tion, and as the clinical course varies among patients, the 
diagnostic criteria are still controversial. Depression is com-
mon in these patients and some cases are thought to be psy-
chogenic. There is a controversy as to its relationship with 
chronic fatigue syndrome.

Sites of Lesion for Monoplegia

When one finds muscle weakness in one hand or foot 
(monoplegia), it has to be distinguished whether it is 
due to disturbance of the central nervous system or the 
peripheral nervous system, and if it is peripheral, what 
part of the motor nerve is affected. In general, flaccid 
paralysis suggests a peripheral cause while hypertonia or 
enhanced tendon reflex supports the diagnosis of central 
paralysis. The presence of muscle atrophy in the hand or 
foot suggests a peripheral pathology, but cases with no 
muscle atrophy are more often difficult. That is because 
muscle atrophy does not appear until several days after 
the onset of weakness of peripheral origin. Even in this 
case, however, muscle tone and tendon reflexes might 
give a clue to the diagnosis.

In a case with monoplegia of peripheral origin, it can 
be judged clinically whether the lesion is in the anterior 
spinal root, brachial plexus, or lumbar plexus, or a sin-
gle nerve or multiple nerves. In a case with monoplegia 
of the hand, for example, it is useful to start evaluating 
whether the muscle atrophy or weakness is localized 
to those muscles innervated by any one of the median 
nerve, ulnar nerve, and radial nerve, or more than one 
of them. For this purpose, the information about nerve 
innervation and segment of each representative muscle 
is helpful (Table 16- 3). Juvenile muscular atrophy of 
unilateral upper extremity (Hirayama disease) is an 
example of segmental muscle atrophy (Box 34) (Figure 
16- 25).

A lesion of each nerve innervating hand muscles shows 
characteristic posture of the hand. In an ulnar nerve palsy, 
atrophy is seen in the interosseous and hypothenar muscles, 
and the metacarpal- phalangeal joints of the fourth and fifth 
fingers are hyperextended (claw hand) (Figure 16- 26a). In 
a median nerve palsy, marked atrophy is seen in the thenar 
muscles, and the thumb is unopposed at the same plane as 
the palm (ape hand) (Figure 16- 26b). In a radial nerve palsy, 
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wrist drop is seen due to weakness of wrist extensors (Figure 
16- 26c). Furthermore, in an ulnar nerve palsy, a maneuver of 
firm grasping of a piece of paper with the thumb and index 
finger of each hand and of strong lateral pulling causes flex-
ion of the distal phalanx of the thumb on the affected side 
because of inability to adduct the thumb, which is compen-
sated by the flexor pollicis longus muscle innervated by the 
intact median nerve (Froment sign) (Figure 16- 27). In the 
lower limbs, foot drop occurs in a peroneal nerve palsy.

If a single nerve is severely damaged, muscles inner-
vated by other nerves may also appear weak to some extent 
on manual muscle testing. That is because, in order to fully 
contract a particular muscle, that muscle has to be set ready 
in the most appropriate posture, which can only be done 
by other related muscles. For example, if the median nerve 
is markedly impaired due to carpal tunnel syndrome (see 
Box 64), the muscles innervated by the ulnar nerve might 
be also judged slightly weak.

TABLE 16-  3  NERVE INNERVATION AND FUNCTION OF REPRESENTATIVE LIMB MUSCLES

Muscle Nerve Segment Function

Upper limbs

Supraspinatus Suprascapular C5 Initial abduction of arm from side of body

Infraspinatus Suprascapular C5 External rotation of arm at shoulder

Deltoideus Axillary C5 Abduction of arm

Biceps brachii Musculocutaneous C6 Flexion of forearm at elbow

Triceps brachii Radial C7 Extension of forearm at elbow

Pronator teres Median C6 Pronation of forearm

Supinator Posterior inerosseus C6 Supination of forearm

Flexor carpi radialis Median C7 Flexion of hand at wrist

Flexor carpi ulnaris Ulnar C8 Flexion and ulnar deviation of hand at wrist

Extensor carpi radialis Radial C7 Extension of hand at wrist

Extensor carpi ulnaris Radial C7 Extension and ulnar deviation of hand at wrist

Extensor digitorum Radial C7 Extension of fingers at MP joints

Flexor digitorum sublimis Median C8 Flexion of middle phalanges at proximal IP joints

Abductor pollicis brevis Median C8 Palmar abduction of thumb

Opponens pollicis brevis Median T1 Opposition of first metacarpal across palm

Interossei Ulnar T1 Abduction and adduction of fingers

Lower limbs

Iliopsoas Lumbar plexus L2 Flexion of thigh at hip

Quadriceps femoris Femoral L3 Extension of leg at knee

Hamstrings Sciatic L5 Flexion of leg at knee

Tibialis anterior Deep peroneal L4 Dorsiflextion of foot

Gastrocnemius- soleus Tibial S2 Plantar flexion of foot

Peroneus longus, brevis Superficial peroneal L5S1 Eversion of foot

Tibialis posterior Posterior tibial L5S1 Inversion of foot

Extensor hallucis longus Deep peroneal S1 Extension of big toe

Flexor digitorum longus Posterior tibial L5S1 Plantar flexion of toes at distal IP joints

MP: metacarpophalangeal, IP: interphalangeal, C: cervical, T: thoracic, L: lumbar, S: sacral
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(a) (b)

Figure 16- 25 Juvenile muscular atrophy of unilateral upper extremity seen in a 23- year- old Japanese male with clinical diagnosis of Hirayama 
disease: (a) palmar view, (b) dorsal view.

BOX 34 JUVENILE MUSCULAR ATROPHY OF UNILATERAL UPPER 

EXTREMITY (HIRAYAMA DISEASE)

This condition has been mainly reported among Oriental popu-

lations, although it can be seen universally. It is characterized 

by slowly progressive muscle atrophy localized to the muscles 

innervated by the C7- T1 segments, namely the hand intrinsic 

muscles and the ulnar distal forearm, unilaterally (Figure16- 25). 

There is no sensory symptom, or subtle if any. It is common in 

juvenile males, especially sports players. Dynamic flexion MRI 

shows anterior shifting of the posterior wall of the cervical dural 

sac. It is believed to be due to ischemic lesion of the anterior 

horn as a result of repetitive neck flexion (Hirayama, 2008, for 

review).

Root Lesions

A lesion of the anterior spinal root causes atrophy in the mus-
cles innervated by the corresponding segment (Table 16- 3). 
It is often associated with radicular pain and sensory symp-
toms in the segmental distribution due to a simultaneous 
involvement of the posterior spinal root. A spread of met-
astatic carcinoma selectively involving anterior roots might 
cause rapidly expanding neurogenic muscle atrophy across 
multiple segments.

Plexus Lesions

By contrast with a segmental lesion or a peripheral nerve 
lesion, lesions of the brachial plexus (Figure 16- 28) and lum-
bosacral plexus (Figure 16- 29) may involve multiple nerve 
roots or multiple peripheral nerves. Thus, if muscle weakness 
cannot be explained by a lesion of either a nerve root or of a 
peripheral nerve or nerves, it is advisable to consider a possi-
bility of plexus lesion. Idiopathic inflammation of the brachial 
plexus can cause neuralgic pain and muscle atrophy in a uni-
lateral upper limb. This condition is called neuralgic amyo-
trophy and is considered to be of autoimmune pathogenesis. 
In this condition, even though the clinical manifestation is 
limited to a unilateral upper limb, the EMG study might dis-
close abnormality also in the opposite upper limb.

Compression of the lower part of brachial plexus at the 
thoracic outlet will cause pain and numbness in the upper 
limb. This condition is called thoracic outlet syndrome 
and is most commonly caused by a cervical rib which is the 
rib coming out from the eighth cervical spine. Clinically, 
it is characterized by sensory loss on the ulnar side of the 
hand with atrophy of the thenar muscle due to a lesion of 
the lower trunk. The maneuver called the Adson test is 
often applied. In this test, with the patient placed in the sit-
ting position, the examiner palpates the radial pulse bilat-
erally, and the patient is asked to take a rapid deep breath 
and rotate the extended neck to either side. If the pulsation 
diminishes on either side, the test is judged positive. In 
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this case, a vascular bruit may be audible in the subclavian 
artery. However, the sensitivity and specificity of this test 
may not be very high.

In patients with diabetes mellitus, painful sensory 
polyneuropathy is common (see Chapter  19- 2B), but 
painless motor neuropathy may also appear in the territory 
of lumbosacral plexus (painless diabetic motor neuropa-
thy) (Garces- Sanchez et al, 2011).

Acute Polyneuritis

Diffuse inflammatory involvement of peripheral nerves of 
acute onset is called acute polyneuritis or acute polyradicu-
loneuritis. This condition is generally called Guillain- Barré 
syndrome and is important because it is relatively common 
and mostly curable if appropriately treated in the early phase. 
In most cases, it is preceded by symptoms of upper respira-
tory or gastrointestinal infection either immediately or by a 
week or two. The common initial symptoms are weakness 
and numbness of hands or feet, which is followed by rapid 
progression in degree and distribution. Rapid ascending of 
the symptoms from the feet to respiratory muscles is not 
infrequent. Occasionally cranial nerves may also be involved. 
Tendon reflexes are diffusely lost from the acute phase. The 
signs are usually symmetric, but there may be asymmetry. An 
autoimmune pathogenesis is considered in most cases. After 
the acute phase, electrophysiological studies will disclose its 
demyelinating nature, but in some cases axonal impairment 
may be a main feature. In the axonal type, muscle weakness 

tends to be severe, and muscle atrophy will become appar-
ent from about a week after the onset, and the functional 
recovery is worse than the demyelinating type (Figure  
16- 30). In those cases of acute axonal polyneuritis who man-
ifest gastrointestinal symptoms before the clinical onset, 
infection with Campylobacter jejuni may be found for its 
pathogenesis (Huizinga et al, 2015).

Guillain- Barré syndrome has to be differentiated from 
other conditions characterized by acute or subacute motor 
weakness, such as botulism (see Box 97), acute anterior 
poliomyelitis, tic paralysis including Lyme disease, AIDS- 
related polyneuropathy, diphtheritic neuropathy, porphyric 
polyneuropathy, and polyneuropathies caused by toxins such 
as lead, hexane, thallium, acrylamide, and vincristine. These 
conditions usually show characteristic patterns of weakness 

a b c

Figure 16- 26 Claw hand due to ulnar nerve palsy (a), ape hand due to median nerve palsy (b), and wrist drop due to radial nerve palsy (c). (Modified from 
Chusid & McDonald, 1964)

Figure 16- 27 Froment sign in the right hand seen in ulnar nerve palsy. 
(Reproduced from Dawson et al, 1999, with permission)
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and associated systemic findings, and the mode of onset is 
usually different from typical Guillain- Barré syndrome.

In typical Guillain- Barré syndrome, motor paralysis 
predominates whereas sensory impairment is mild, if any. 
Furthermore, as motor paralysis is commonly seen in prox-
imal muscles, differentiation from polymyositis of subacute 
onset may be even necessary in the acute phase. Even in 
cases with no sensory symptoms, if the straight leg- raising 
test induces radiating pain over the posterior aspect of 
lower limb (positive Lasègue sign), it may suggest inflam-
matory involvement of the posterior roots.

In some patients with acute polyneuritis, only sensory 
symptoms may be present. In these cases, unlike typical 
Guillain- Barré syndrome, the posterior root ganglion cells 
are considered to be affected by an autoimmune patho-
genesis (polyganglionitis). Moreover, impairment of the 
autonomic nervous system might predominate, suggesting 
involvement of autonomic ganglion cells or autonomic 
nerve fibers. As the postganglionic fibers are either A- δ 
fibers or unmyelinated C fibers (see Chapter 20), axons are 
primarily involved in these cases, resulting in greater resis-
tance to treatment. In autoimmune polyneuritis, antibod-
ies against various gangliosides have been demonstrated 
(Kusunoki & Kaida, 2011, for review).

Atypical Acute Polyneuritis

If acute polyneuritis is preceded by symptoms of systemic 
infection and is associated with an atypical clinical picture, 
a possibility of infection with a variety of microorganisms 
has to be taken into account. Those include Epstein- Barr 

virus, mycoplasma pneumoniae and Borrelia burgdor-
feri, a spirochete causing Lyme disease.

Collagen diseases like systemic lupus erythematosus 
(SLE) and Sjögren syndrome may present with polyneuritis 
based on autoimmune angitis. In Sjögren syndrome, sensory 
symptoms are especially common in the trigeminal nerve 
territory. By contrast, in polyarteritis nodosa, multiple 
mononeuritis (mononeuritis multiplex) is especially com-
mon. Multiple mononeuritis associated with severe pain and 
marked eosinophilia characterizes Churg- Strauss syndrome.

Acute anterior poliomyelitis (polio, Heine- Medin dis-
ease) and diphtheria used to be known as common causes 
of acute focal motor paralysis, and may be still prevalent in 
some regions of the world. Polio paralyzes predominantly 
unilateral upper or lower limb or respiratory muscles, but 
other limbs may also be affected to a certain extent, and 
sensory impairment may also be present. By contrast, diph-
theria is known to cause especially bulbar palsy. There have 
been some reports of vaccine- associated paralytic poliomy-
elitis following oral administration of live polio vaccine. 
Nowadays, therefore, subcutaneous injection of inactivated 
polio vaccine is being used in many parts of the world. 
Recently in the United States, a possible link between an out-
break of enterovirus D68 infection and acute flaccid myelitis 
has drawn attention (Greninger et al, 2015), although their 
causative relationship has not been confirmed.

Chronic Inflammatory Demyelinating Polyneuropathy

A chronic form of polyneuritis is not uncommon. There 
are three groups:  chronic inflammatory demyelinating 

Figure 16- 30 Muscle atrophy of hands seen 6 months after acute axonal polyneuritis.
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polyneuropathy (CIDP), chronic inflammatory axonal 
polyneuropathy (CIAP), and multifocal motor neuropathy 
with conduction block. In the latter condition, multiple nerves 
may not necessarily be affected all at one time, but it may be just 
mononeuritis at a certain stage of illness which is later followed 
by involvement of other nerves. This condition is occasionally 
called Lewis- Sumner syndrome, but in their original report of 
five cases published in 1982, there was also sensory impairment 
(Lewis et al, 1982). In many cases of this disease, IgM antibody 
against GM1 is elevated in the serum, and it is especially so in 
the severe cases (Cats et al, 2010). For these kinds of chronic 
polyneuritis, intravenous injection of immunoglobulin (IVIg) 
is used for the treatment. There might be some improvement, 
but it tends to show remissions and relapses just as in multiple 
sclerosis of the central nervous system.

Misdiagnosis of CIDP is common (Allen & Lewis, 
2015). The initial symptoms of CIDP might appear acutely, 
and some cases of Guillain- Barré syndrome might show 
worsening of the symptoms after the acute phase, thus cre-
ating some diagnostic difficulty in the acute phase. It has 
been reported that, if patients with initial diagnosis of 
Guillain- Barré syndrome show worsening of the symptoms 
more than 8 weeks after the onset or if they repeat more 
than three times, it is more likely CIDP (Ruts et al, 2010).

Toxic Polyneuropathy

As the peripheral nerves, like the cerebellum, are vulnerable 
to heavy metals and drugs, a possibility of toxic polyneuropa-
thy should be considered in any polyneuropathy of subacute 
onset. Intoxication with lead, vincristine, and acrylamide 
presents primarily with motor paralysis. Toxins like arsenic, 
organic mercury, cisplatin, and n- hexane tend to affect the 
sensory ganglion, and those including organophosphate and 
thallium are known to affect the autonomic nervous system.

Metabolic Polyneuropathy

Metabolic diseases such as diabetes mellitus, malnutrition, 
vitamin deficiency due to ethanol abuse, and porphyria are 
known to cause chronic polyneuropathy. Among others, 
diabetic polyneuropathy and alcohol vitamin deficiency 
polyneuropathy are notorious for causing severe dysesthe-
sia with burning pain (see Chapter 19- 2B).

Hereditary Polyneuropathy

There are a number of diseases in this category, but its 
most representative form is hereditary motor sensory 

neuropathy (HMSN). HMSN is classified into three 
groups: type I (Charcot- Marie- Tooth disease type I) is 
characterized by a decrease in the motor nerve conduc-
tion velocity, type II (Charcot- Marie- Tooth disease 
type II) is characterized by axonal damage, and type III is 
characterized by nerve hypertrophy due to demyelination 
(Dejerine- Sottas disease). The mode of inheritance is 
autosomal dominant for type I, but not consistent for 
type II and type III. In HSMN type I and type III, the 
myelin sheath is primarily affected and they are charac-
terized by the presence of onion bulb formation in the 
histology of the peripheral nerve. In type III, there is 
prominent enlargement of the peripheral nerves, and the 
hypertrophy can be observed or palpated in the greater 
auricular nerve and peroneal nerve. An autosomal domi-
nant hereditary polyneuropathy initially presenting with 
ataxic gait, pes cavus, and loss of tendon reflexes, and later 
manifesting distal muscle atrophy, postural tremor, and 
sensory loss used to be called Roussy- Lévy syndrome, but 
this form is now considered to be a subtype of Charcot- 
Marie- Tooth disease type I  (Planté- Bordeneuve et  al, 
1999). Genetic abnormalities have been elucidated for 
many subtypes of HMSN (Gutmann & Shy, 2015, for 
review).

Other autosomal dominant forms of hereditary neu-
ropathy include hereditary sensory neuropathy, heredi-
tary sensory and autonomic neuropathy, familial amyloid 
polyneuropathy (see Box 68), and hereditary neuropathy 
with liability to pressure palsy (pressure sensitive neurop-
athy). Pressure sensitive neuropathy is characterized by 
occurrence of motor paralysis following mechanical com-
pression of the corresponding nerve and the histological 
appearance of sausage due to beads- shaped hypertrophy 
of nerve (tomaculous neuropathy). Clinically, this neu-
ropathy is manifested as multiple mononeuropathy, but 
the tendon reflexes are lost not only in the compressed 
nerve but also diffusely. Another autosomal recessive 
form of hereditary polyneuropathy is giant axonal neu-
ropathy, which is histologically characterized by depos-
its of neurofilaments in the axon. Generally speaking, in 
these hereditary neuropathies, it is rare for the patients to 
be aware of numbness or pain even if the sensory nerves 
are involved.

Spastic Paralysis

Motor paralysis due to a lesion of the pyramidal tract is 
associated with increased muscle tone (spasticity) and is 
thus called spastic paralysis (Boxes 35, 36, 37, 38 and 39).  
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As there is a clear somatotopic organization in the motor 
cortex (Figure 16-1, see also Figure 11-2), a localized lesion 
in the motor cortex causes monoplegia in the contralateral 
upper or lower limb. By contrast, a lesion in the internal cap-
sule causes contralateral hemiplegia because all fibers of the 
corticospinal tract converge there. In this case, the paralysis 
also involves the contralateral orbicularis oris muscle and the 
tongue, which will deviate to the hemiplegic side upon pro-
trusion (see Box 22).

In a transverse lesion of the spinal cord, spastic paralysis 
is seen bilaterally below the level of the lesion, namely para-
plegia in a thoracic cord lesion and quadriplegia in a cervi-
cal cord lesion. If there is marked paraplegia while the upper 
limbs are intact or only mildly weak if at all, the main lesion is 
usually in the thoracic cord. If a transverse lesion is just at the 
level of the Th10 segment, voluntary flexion of the neck in 
the supine position will shift the umbilicus rostrally (Beevor 
sign). This phenomenon occurs because the rostral half of 
the rectus abdominis muscle above the Th10 segments con-
tracts normally whereas the caudal half is paralyzed.

Gowers Sign

Patients who have marked weakness in the pelvic girdle and 
muscles of the proximal lower limb have great difficulty in 
standing up from a squatting position, and they can barely 
climb themselves up with legs widely placed and by hold-
ing on to the near objects like a chair. This phenomenon 
is called Gowers sign. Furthermore, they tend to swing 
the waist when walking (waddling gait). This condition 
is commonly seen in myopathy, but may be also seen in 
patients with proximal neurogenic muscular atrophy like 
Kugelberg- Welander disease.

Disuse Atrophy

In patients who have remained in bed for a long time for 
nonneurologic diseases or in patients with neurologic dis-
eases without direct involvement of the neuromuscular 
system, muscles may lose their volume. This kind of muscle 
wasting is called disuse atrophy, and sometimes its distinc-
tion from real muscle disease becomes a practical problem. 
In disuse atrophy, muscle strength is relatively well pre-
served in spite of small muscle volume, and tendon reflexes 
are preserved. Needle EMG study does not show any pri-
mary abnormality in this case.

Psychogenic motor paralysis is not rare, and is described 
in the chapter of psychogenic disorders (Chapter 26).

D.   M U S C L E   T O N E

Muscle tone is tested by passively stretching the relaxed mus-
cle and is judged by the degree of resistance against passive 
stretch. Therefore, it is important to place the correspond-
ing muscle in complete relaxation. In order to distinguish 
between spasticity and rigidity, the passive stretch has to be 
given with two different speeds. Spasticity is speed- dependent 
and can be elicited only by quick stretch, whereas rigidity is 

BOX 35 NEUROMYELITIS OPTICA SPECTRUM DISORDERS

After a case report by Devic in 1894, neuromyelitis optica (NMO) 

has been recognized as a special form of multiple sclerosis (MS). 

Among Asian populations, MS has drawn special attention be-

cause acute involvement of optic nerve and spinal cord is seen in 

as many as 35% of all MS cases, and it has been called the optic 

spinal form of MS. Oligoclonal bands in the cerebrospinal fluid 

were found less commonly in the Asian MS cases compared with 

Western patients. Even in those cases, however, pathologically 

periventricular demyelinating plaques have been found in addi-

tion to necrotic lesions of the optic nerve and spinal cord. Re-

cently, in many patients with this condition, an antibody against 

aquaporin- 4, which is a channel protein of main water molecule 

in the brain, has been shown to be elevated in the serum. Fur-

thermore, spinal MRI in those cases showed the presence of 

a lesion longitudinally extending over more than three vertebral 

bodies. The term “NMO spectrum disorders” was coined for the 

syndrome of bilateral optic nerve lesions, long spinal cord lesion, 

and positive anti- aquaporin- 4 antibody, and it is considered to be 

an entity independent of classical MS (Wingerchuk et al, 2015). 

Furthermore, antibodies against aquaporin- 4 were reported to 

be elevated in 20% of the patients with relapsing optic neuritis, 

and the prognosis of those cases was unfavorable and tended 

to shift to NMO (Matiello et al, 2008). It is especially noteworthy 

that corticosteroid and other immunosuppressive agents sup-

press relapse of NMO, whereas β interferon, which is used for 

MS, tends to cause acute severe exacerbation in NMO (Shimizu 

et al, 2010). More recently, it was reported that 7.4% of patients 

with NMO spectrum disorders have antibodies against myelin oli-

godendrocyte glycoprotein (MOG) instead of aquaporin- 4 (Sato 

et al, 2014).

Relapsing myelitis is also seen in Sjögren syndrome, which 

is characterized by thirst, antinuclear antibodies, and antibodies 

against SS- A and SS- B (SS derived from Sjögren syndrome) (Cha-

hin et al, 2009). Intramedullary cord lesions resembling neuro-

myelitis optica may be also seen in association with sarcoidosis 

(Kwon et al, 2014).
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independent of the stretch speed. Stretch of intermediate 
speed may not help to distinguish one from the other.

Spasticity

Spasticity is characterized by a sudden increase in the 
resistance during passive stretch, and if a flexor stretch 

is maintained, the resistance may suddenly disappear 
leading to an extension movement. This phenomenon is 
called clasp- knife phenomenon and is explained based 
on the physiological principle of lengthening reaction. 
Spasticity is commonly tested in the forearm flexor 
(biceps brachii muscle) for the upper limb and in the 
quadriceps femoris muscle for the lower limb. If we take 
passive stretch of the biceps brachii muscle as an example 
(Figure 16- 31), an impulse produced by stretch of the 
stretch receptor (muscle spindle) is conducted through 
the Ia fibers to the anterior horn of the corresponding 
cervical cord segment where the α motor neurons are 
monosynaptically activated, causing the reflex contrac-
tion of the muscle. This muscle contraction is excessively 
enhanced because the anterior horn cells are hyperexcit-
able due to a lesion of the pyramidal tract. Then the α 
motor neurons are inhibited by the inhibitory interneu-
rons postsynaptically, causing the clasp- knife phenome-
non. Regarding the afferent input for this phenomenon, 
it used to be believed that the Ib afferent fibers origi-
nating from the tension receptor (tendon organ) play 

BOX 36 ACUTE DISSEMINATED ENCEPHALOMYELITIS (ADEM) 

VERSUS MULTIPLE SCLEROSIS (MS)

Relationship between these two inflammatory demyelinating dis-

eases of the central nervous system has been discussed for 

many years. Clinically, MS is characterized by frequent remis-

sions and exacerbations followed by slow progression in general, 

whereas ADEM is an acute severe inflammatory disease, often 

associated with disturbance of consciousness. Pathologically, 

MS is characterized by multifocal, often confluent, demyelinating 

plaques, whereas ADEM is characterized by more disseminated 

demyelination with perivenous cell infiltration. In some cases, 

however, there is some overlap of these clinical and pathological 

features (Young et al, 2010).

BOX 37 DEgENERATIVE DISORDERS OF UPPER MOTOR 

NEURONS

There is a group of neurodegenerative disorders selectively in-

volving the upper motor neurons. Clinically they present with 

progressive spastic paralysis in the lower limbs. Conventionally, 

they are called primary lateral sclerosis. Recently a large number 

of gene abnormalities have been identified in many of these con-

ditions, and they are now called by the general term “hereditary 

spastic paraplegia” (Lo Giudice et al, 2014, for review). Mode of 

inheritance is variable, ranging from autosomal dominant or au-

tosomal recessive to X- linked.

Charlevoix- Saguenay syndrome is an autosomal recessive 

disease manifesting spastic paraplegia and cerebellar ataxia, in 

which mutation of the SACS gene was reported (Duquette et al, 

2013; Pilliod et al, 2015). Nakamura et al. (1995) reported a 

family of autosomal recessive spastic paraplegia associated with 

early baldness, mental retardation, and thinning of the corpus 

callosum. In this entity, mutation of the SPG11 gene on chro-

mosome 15q21.1 has been reported from various countries 

(Samaranch et al, 2008). Another form of autosomal recessive 

spastic paraplegia is Sjögren- Larsson syndrome, which is associ-

ated with ichthyosis and mental retardation.

BOX 38 ADRENOMYELONEUROPATHY

This is considered to be a subtype of adrenoleukodystrophy 

(ALD), which occurs in boys of 5– 9 years with behavioral abnor-

mality, cognitive decline, cortical blindness, cortical deafness, 

optic atrophy, and convulsive seizures.

By contrast, adrenomyeloneuropathy (AMN) occurs in males 

over the age of 10 years with asymmetrical spastic paraplegia 

followed by slow progression. Like ALD, it is associated with ad-

renal insufficiency. As AMN can start also in adults, it must be 

differentiated from degenerative diseases of the upper motor 

neuron, as listed in Box 37, and the chronic progressive form 

of multiple sclerosis. Cranial MRI shows abnormal signal inten-

sity along the corticospinal pathway, and in fact cerebral demy-

elination is frequently seen in the later clinical stage (de Beer 

et al, 2014). Like ALD, the mode of inheritance is X- linked, but 

it can occur sporadically. Very long chain fatty acid is elevat-

ed in the plasma. Improvement of clinical symptoms has been 

reported by bone marrow transplantation (Hitomi et al, 2003). 

Other entities in the differential diagnosis include metachromat-

ic leukodystrophy due to arylsulfatase- A deficiency, adult form 

of Krabbe disease due to β- galactosidase deficiency, and adult 

polyglucosan body disease (APBD), which is characterized by 

progressive spastic paraplegia, sphincter disturbance, axonal 

sensorimotor polyneuropathy, and axonal enlargement due to 

deposit of polyglucosan (Lossos et al, 2009).
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a major role, but its precise mechanism in humans still 
remains controversial (Cleland et al, 1990; Burke et al, 
2013, for review).

Clonus

When testing muscle tone in patients with marked spas-
ticity, a single muscle stretch might induce repetitive brisk 
contractions in the same muscle, which is called clonus. 
Clonus is interpreted as a repetition of the excessively 
enhanced stretch reflexes. Clonus is most easily demon-
strated in the calf muscle (ankle clonus), but it can be also 
seen in the quadriceps femoris, wrist flexor, and masseter 
muscles. Clonus may occur spontaneously, and when it is 
vigorous, it may look like convulsions.

Rigidity

Rigidity is one of the most representative signs of parkinson-
ism. In rigidity, resistance against the passive muscle stretch 
appears independent of the speed of stretch, and typically 
it continues throughout the passive stretch in a cogwheel 
fashion (cogwheel phenomenon), which is due to action 
tremor superimposed upon the increased tone (Lance et al, 
1963). Rigidity sometimes may continue throughout the 
passive stretch smoothly without cogwheel. In contrast 

BOX 39 HTLV- I- ASSOCIATED MYELOPATHY/ TROPICAL SPASTIC 

PARALYSIS (HAM/ TSP) AND SUBACUTE MYELO- OPTICO- 

NEUROPATHY (SMON)

HAM/ TSP and SMON, characterized predominantly by spastic para-

paresis, are noteworthy because there has been a dramatic drop in 

the number of new cases after discovery of the etiology in both dis-

eases. HAM/ TSP used to be prevalent especially in Martinique and 

Japan. It was shown to be associated with chronic infection with 

the human T- lymphotropic virus type I (HTLV- I), the virus known to 

cause adult T- cell leukemia, and its pathomechanism was clarified 

by Osame et al. (Osame, 2002, for review). It manifests symmetric 

spastic paraparesis associated with only mild hyperreflexia in the 

arms, clinical and electrophysiological evidence of moderate poste-

rior column involvement at the thoracic level, and urinary frequency 

and urgency associated with the detrusor- urethral sphincter dys-

synergia, suggesting a diffuse white matter lesion predominantly 

involving the thoracic cord (Shibasaki et al, 1988). SMON has been 

endemic in Japan since 1955 and was proven to be due to the 

chronic use of clioquinol, the drug used for diarrhea (Igata, 2010, 

for review). It manifests severe painful dysesthesia in the distal 

portion of the legs and perineum, and spastic paraparesis with or 

without visual loss. The central distal axonopathy of the dorsal root 

ganglion was shown to cause the severe sensory symptoms patho-

logically and electrophysiologically (Shibasaki et al, 1982).

Figure 16- 31 Schematic diagram to show the spinal reflex pathways. Interneurons are shown much posterior from the real location for the sake of clarity.
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with rigidity, Gegenhalten (paratonia) appears as a contin-
uous resistance against the passive movement of joint and is 
proportional to the effort with which the examiner tries to 
move. It is usually seen in association with diffuse cerebral 
lesion (Boxes 40 and 41).

Hypotonia

Decreased muscle tone is commonly seen in disorders of the 
peripheral nervous system or muscles. Among others, tabes 
dorsalis is known to cause marked hypotonia so that the 
toes may even touch the face upon the straight leg- raising 
test. Tabes dorsalis is a representative form of neurosyphilis 
with main involvement of the dorsal roots.

Hypotonia may be also seen in disorders of the central 
nervous system. In the acute stage of severe cerebral apo-
plexy, flaccid paralysis may be seen. This condition is called 
spinal shock even if the paralysis is caused by cerebral 
lesions. In newborns and infants with chronic diffuse cere-
bral lesions, flaccid paralysis is often seen (floppy infant). 

Hypotonia is also seen in acute cerebellar lesions, although 
its mechanism has not completely been elucidated. In 
relation to this, the cerebellar form of multiple system 
atrophy (MSA- C) may manifest hypotonia whereas its 
parkinsonian form (MSA- P) commonly shows rigidity 
(see Box 69).

E .   M U S C L E  S PA S M  A N D   C R A M P

A continuous or intermittent state of spontaneous abnor-
mal muscle contraction is called muscle spasm. Muscle 
spasm associated with pain is called muscle cramp or just 
cramp. Spasm is caused by the occurrence of abnormal 

BOX 40 MALIgNANT SYNDROME AND MALIgNANT 

HYPERTHERMIA

Rigidity of acute or subacute onset can be seen in malignant syn-

drome (syndrome malin). This condition commonly occurs during 

chronic medication of neuroleptics or after the patient suddenly 

stops taking antiparkinsonian medications (neuroleptic malignant 

syndrome). This is especially common for the antipsychotic drugs 

blocking the dopamine D2 receptor, but may be also seen with 

other neuroleptics (Nisijima et al, 2007, for review). Clinically, in 

addition to marked rigidity, it is characterized by hyperthermia, 

consciousness disturbance, various autonomic symptoms, ele-

vated serum creatine kinase and leukocytosis in the peripheral 

blood. It is treated by water, physical cooling, and administration 

of dantrolene sodium. In terms of hyperthermia, it is similar to se-

rotonin syndrome (see Chapter 4- 4) and malignant hyperthermia. 

Malignant hyperthermia is induced by inhalation anesthesia, and 

presents with muscle rigidity and respiratory as well as metabolic 

acidosis in addition to hyperthermia. It is commonly encountered 

in patients with various kinds of myopathy, among others, central 

core disease. For its pathogenesis, it is considered that the in-

halation anesthetics act on muscles to cause excessive muscle 

contraction and hyperthermia. The mechanism of the malignant 

syndrome has not been fully elucidated, but a decrease in the cen-

tral dopaminergic function, block of the dopamine receptors, and 

abnormal transmission of other catecholamines are considered 

(Nisijima et al, 2007, for review).

BOX 41 WHAT CAN OCCUR IN PARKINSON PATIENTS DURINg L- 

DOPA TREATMENT?

A variety of untoward symptoms can occur in patients with Parkin-

son disease over a period of long- term treatment with L- dopa or 

dopa agonists (Aquino & Fox, 2015, for review). The most common 

phenomenon is the wearing- off phenomenon, in which the symp-

toms show diurnal fluctuation as a result of shortened duration 

of the drug effect (Antonini et al, 2011). By contrast, bradykinesia 

and rigidity might suddenly worsen and suddenly improve with no 

relation to the time of drug administration (on- off phenomenon). 

Dyskinesia (see Chapter 18- 7) is seen in about a half of patients 

at 5  years after the initiation of L- dopa treatment (Gottwald & 

Aminoff, 2011, for review). Dyskinesia and wearing- off occur ear-

lier after the treatment onset especially in patients with higher 

L- dopa dose and younger age at onset (Olanow et al, 2013). In 

addition, a variety of behavioral abnormalities may appear. In par-

ticular, the patients cannot control their impulses for gambling, 

shopping, sexual behavior, and appetite (impulse control disor-

ders) (Voon et al, 2011; Weintraub et al, 2015, for review). These 

disorders are mediated by the nigrostriatal dopaminergic system 

and another dopaminergic pathway from the ventral tegmental 

area to the ventral pallidum and nucleus accumbens, which are 

both related to reward and addiction (Wise, 2009, for review). 

Pathological gambling is related to functional abnormality of the 

ventral pallidum, nucleus accumbens, hippocampus, amygdala, 

insula, and orbitofrontal cortex, and it is more common with the 

treatment with dopa agonists than with L- dopa (Djamshidian et al, 

2011, for review). As for the tendency to repeat the same beha-

vior (punding) and compulsive behavior, it has not been solved 

whether those are related to L- dopa treatment or the pathology of 

Parkinson disease itself (Spencer et al, 2011). For dopa- induced 

dyskinesia and punding, a favorable effect of amantadine has 

been reported (Kashihara & Imamura, 2008).
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electrical discharge in the nervous system or muscles. 
For neurogenic spasm, any part of the motor system may 
be responsible, including motor cortex, corticospinal 
or corticobulbar tract, anterior horn cells or brainstem 
motor nuclei, α motor fibers, neuromuscular junction, 
and muscles. Therefore, the distribution of spasm is vari-
able depending on its responsible source. A phasic repet-
itive form of spasm originating in the motor cortex may 
present with epilepsia partialis continua (Kojevnikoff 
epilepsy).

Convulsion rarely originates in the white matter, but 
painful tonic spasm can occur in multiple sclerosis includ-
ing neuromyelitis optica as a result of abnormal discharge 
and abnormal conduction of electrical discharges follow-
ing demyelination (Shibasaki & Kuroiwa, 1974). In this 
case, pain is induced by a somatic stimulus applied to the 
skin and it spreads rostrally as well as caudally along with 
painful spasm.

Hemifacial Spasm

Hemifacial spasm is manifested as repetitive twitches or 
continuous spasm of the orbicularis oculi and oris muscles 
or either one of the two muscles. This is due to abnormal 
electrical discharge of the facial nucleus or facial nerve. 
The underlying cause is, like trigeminal neuralgia, consid-
ered to be demyelination of the facial nerve secondary to 
its compression by tortuous arteries in the posterior cra-
nial fossa, but it has also been shown that excitability of 
the facial motor nucleus is increased (see Chapter 11- 1A). 
Decompression surgery can be done and can be curative, 
but nowadays the local injection of botulinum toxin has 
been effectively used and may be more common.

Tetanus

The α motor neuron is particularly vulnerable to tetanus 
toxin produced by an anaerobic bacterium Clostridium 
tetani. Tetanus is caused by infection of injured skin with 
the bacteria, and the toxin produced there is transported 
retrogradely through the α motor fibers to reach the ante-
rior horn or brainstem motor nuclei. At the synaptic 
terminal, the inhibitory neurotransmitters glycine and 
GABA are blocked by the toxin, causing massive vigor-
ous spasm. As the toxin has special affinity to the motor 
nucleus of the trigeminal nerve, the most common initial 
symptom is inability to open the mouth due to marked 
spasm of the masseter (trismus) (see Chapter 10- 2A and 
Chapter 29- 3).

Stiff- person Syndrome and Progressive 
Encephalomyelitis with Rigidity and Myoclonus

Stiff- person syndrome, previously called stiff- man syn-
drome, is characterized by continuous painful spasms 
involving the trunk and limb muscles which is dramati-
cally aggravated by movement or various kinds of stim-
uli. This condition is considered to be caused by excessive 
excitability of anterior horn cells through an autoimmune 
mechanism. In many cases, antibodies against glutamic 
acid decarboxylase (GAD) are elevated in the serum 
and cerebrospinal fluid, which is expected to cause defi-
ciency of GABA, thus impairing the inhibitory transmis-
sions. In some cases of this condition, antibodies against 
GABAA- receptor- associated protein (GABARAP) are 
elevated instead of anti- GAD antibody (Raju et al, 2006). 
Furthermore, stiff- person syndrome can occur as a para-
neoplastic syndrome in association with breast cancer and 
small cell carcinoma of the lung, and in these cases, anti-
body against amphiphysin might be elevated (Murinson & 
Guarnaccia, 2008).

Progressive encephalomyelitis with rigidity and 
myoclonus (PERM) is similar to stiff- person syndrome 
but more severe than stiff- person syndrome with additional 
brainstem or other neurological defects (Balint et al, 2014). 
Recently a relationship of this syndrome with glycine 
receptor antibodies has drawn special attention (Carvajal- 
Gonzalez et al, 2014).

Isaacs syndrome is also characterized by muscle spasm, 
but in contrast with stiff- person syndrome, the spasm in 
this condition is more pronounced in the distal limb mus-
cles. Isaacs syndrome is caused by an autoimmune abnor-
mality of the voltage- gated potassium channel (VGKC) of 
α motor fibers (see Chapter 25- 2).

It is important to note that spasm or cramp is not infre-
quently seen in patients with motor neuron diseases, espe-
cially in their early clinical stage, probably due to increased 
excitability of lower motor neurons.

Painful Muscle Spasm (Cramp)

The most common form of cramp is idiopathic cramp, of 
which a cause is unidentified. Tetany is caused by hypocal-
cemia in association with hypoparathyroidism, metabolic 
alkalosis, and hyperventilation syndrome. In tetany, the 
needle EMG shows repetitive discharges of doublets or 
triplets. In this case, excitability of motor nerves is increased 
so that tapping of the facial nerve will cause spasm in the 
facial muscles (Chvostek sign), and tapping of the median 
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nerve will cause spasm in the hand muscles (Trousseau 
sign). In practice, the Trousseau sign can be noted while a 
tourniquet is tied around the arm for the purpose of blood 
pressure measurement.

In glycogen storage disease, among others McArdle 
disease (muscle phosphorylase deficiency), painful spasms 
are induced by vigorous physical exercise, and in fact this 
is the most common chief complaint in this condition. 
McArdle disease is an autosomal recessive hereditary dis-
ease, but it is more common in males. Vigorous physical 
exercise mobilizes anaerobic glycolysis, which produces a 
large amount of lactic acid. In this disease, as the aerobic 
glycolysis is impaired due to phosphorylase deficiency, lac-
tic acid cannot be metabolized and accumulates in the mus-
cle, which then causes painful spasm.

F.   M Y O T O N I A

Myotonia is manifested as stiffness of muscles and diffi-
culty in muscle relaxation due to repetitive depolarization 
of sarcolemma. The main feature of myotonia is difficulty 
in relaxing the contracted muscle, and in the resting state 
of muscles, stiffness may or may not be present (Figure 16- 
32a). Furthermore, myotonia is induced by tapping the 
thenar muscle or tongue (percussion myotonia) (Figure 
16- 32b). The needle EMG of myotonia shows rhythmic 
discharges at 50 ~ 100 Hz, and its frequency fluctuates so 
that it sounds like motorbike, which is also called the dive 
bomber sound.

In ordinary myotonia, muscle relaxation becomes 
increasingly easier as the patient repeats voluntary muscle 
contraction (warm- up phenomenon), which is seen in 
patients with myotonic dystrophy and myotonia con-
genita. In special conditions like paramyotonia congen-
ita, muscle relaxation becomes increasingly difficult as the 
patient repeats muscle contraction. This phenomenon is 
called paramyotonia, which becomes characteristically 
worse in a cold environment.

In myotonic dystrophy, the patient has muscle atro-
phy and weakness in addition to myotonia, but in some 
kinds of myotonic disorders, myotonia is the sole man-
ifestation. Furthermore, myotonia is closely related to 
periodic paralysis. Especially in hyperkalemic periodic 
paralysis, the patient shows myotonia during the intervals 
of paralytic attacks. Recently, mutation of ion channel 
genes has been identified in many of these conditions (see 
Chapter 25- 1C).

In myotonic dystrophy, myocardial conduction abnor-
mality and arrhythmia are commonly present, and they may 
be a cause of sudden death (Groh et al, 2008). A question 
as to whether myotonia involves the extraocular muscles or 
not has not been solved. In some patients, the return from 
lateral saccade looks slow, but in other cases, saccades look 
relatively normal even when there is marked myotonia 
in hands.

g .   C O O R D I N A T I O N

For testing coordination of upper extremities, the nose- 
finger- nose test (also called finger- nose- finger test) is 
used to detect dysmetria and dyssynergia. These tests 
can be done either in a sitting or supine position. If a 
patient has visual disturbance, it may be replaced by 
the finger- to- nose test without any visual target. Then 
rapid alternating movement is tested with shin tapping. 
For testing the distal upper limbs, finger tapping is useful. 
Patients are asked to tap the index finger rhythmically 
on the metacarpal- phalangeal joint of the thumb. Fisher 
described the test, but his name has not been attached 
to it. When these tasks are poorly performed, it is called 
dysdiadochokinesis or adiadochokinesis. For testing 
coordination of lower extremities, the heel- knee test is 
used to detect dysmetria and dyssynergia. For this test, 
the patient is placed in a supine position and asked to 
put a heel on the knee of the other leg and slide it down 
over the anterior aspect of the lower leg smoothly. The 
patient may be also asked to repeat tapping the middle 
of the shin with the heel to see rhythmic performance. 
These tests of lower extremities may be also done in a 
sitting position.

Cerebellar ataxia due to a unilateral cerebellar lesion 
is seen in the ipsilateral extremities, because the cerebellar 
hemisphere is functionally connected to the contralateral 
motor cortex (Figure 16- 7). There is some somatotopic 
organization in the cerebellar hemisphere, because the 
degree of ataxia is not infrequently discrepant between the 
upper and lower extremities.

While testing strength of the forearm flexor muscles by 
manual muscle testing, if the examiner suddenly releases the 
resistance, some patients cannot stop the muscle contrac-
tion and may hit their own chest, which a healthy subject 
can avoid. This phenomenon is called rebound phenom-
enon. It is generally considered to be specific for cerebellar 
lesions, but if this is the only abnormality, it is not necessar-
ily pathognomonic of cerebellar lesion.
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17.

TENDON REFLEXES AND PATHOLOgICAL REFLEXES

1.  PHYSIOLOgICAL MECHANISM OF     
THE TENDON REFLEX

The tendon reflex (deep tendon reflex, muscle stretch 
reflex, myotatic reflex) is a monosynaptic proprioceptive 
reflex. The afferent arc of the reflex starts from the stretch 
receptor in the muscle called the muscle spindle. The 
receptor is activated by sudden stretch, and an electric 
impulse generated there is conducted through Ia fibers to 
the anterior horn cells of the same segment, where the α 
motor neurons are monosynaptically activated. The effer-
ent impulse is conducted through the α motor fibers to 
contract the muscle fibers from which the afferent impulse 
originated (see Figure 16- 31). An electric impulse gener-
ated in the tension receptor in the muscle tendon called 
the tendon organ as a result of the reflex muscle contrac-
tion is conducted through the Ib fibers to the anter ior 
horn of the same segment and via the interneurons inhib-
its the α motor neurons disynaptically (postsynaptically). 
Furthermore, the anterior horn cell is also inhibited by 
its own recurrent branch via an interneuron called the 
Renshaw cell (Figure 17- 1).

As the conduction velocity of both the afferent and 
efferent fibers of the tendon reflex is as fast as 50 m/ s, the 
latency of the tendon reflex of the hand is about 25 ms. 
When recorded with EMG, the tendon reflex is called the 
T reflex (“T” from tendon). A similar reflex can be pro-
duced by electrical stimulation of the afferent nerve trunk, 
and is called the H reflex (“H” from Hoffmann).

The tendon reflex is decreased or lost by a lesion of 
either the afferent arc or the efferent arc of the reflex. In 
addition, as the tone of the muscle spindle is modulated by 
the γ motor fibers, the tendon reflex can be decreased also 
by impairment of the γ motor fibers. Therefore, patients 
who are considered to have impairment of the periph-
eral nervous system with loss of tendon reflexes and yet 
no abnormality in the muscle strength or somatosensory 
function may have involvement of the γ motor fibers. 

There is some evidence for this situation with acute cer-
ebellar lesions.

As the lower motor neuron is inhibited by a com-
ponent of the supraspinal drive presynaptically via spi-
nal interneurons, impairment of the supraspinal drive 
is expected to cause an increase in the excitability of the 
anterior horn cells and consequently an enhancement of 
the tendon reflex (see Chapter 16- 3D).

In a localized lesion of the cervical cord, either within 
the cord substance (intramedullary) or compressing the 
spinal cord or its blood supply (extramedullary), the ten-
don reflex of the affected segment is decreased or lost 
while the tendon reflexes of the immediately caudal seg-
ments may be increased. For example, if the biceps brachii 
reflex is lost and the triceps brachii reflex is overactive due 
to a lesion at the C6 segment, a tendon tap to the biceps 
muscle might elicit elbow extension instead of flexion 
because of the hyperactive triceps reflex. This phenom-
enon is called the inverted biceps reflex. In contrast, if 
a segmental lesion at the C7 segment is associated with 
disseminated lesions as seen in the neuromyelitis optica 
spectrum disorders (see Box 35), a tendon tap to the 
triceps muscle might elicit the elbow flexion instead of 
elbow extension because of the hyperactive biceps reflex 
due to the presence of a more rostral lesion (inverted tri-
ceps reflex).

2.   EXAMINATION OF TENDON REFLEXES

There is no general rule in the order of examining tendon 
reflexes, but it is practical to start with the jaw jerk, and 
then to examine the biceps brachii, triceps brachii, radial 
and finger flexor muscles for the upper limbs, and the 
quadriceps femoris, gastrocnemius- soleus and toe flexor 
muscles for the lower limbs, in this order, each compar-
ing the left and right. The hamstring reflex and abdominal 
muscle reflex may also be examined as necessary.
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For examining a tendon reflex, the muscle to be tested 
should be placed in a relaxed state with an intermediate 
length (Figure 17- 2). For testing the biceps brachii reflex, 
for example, the elbow should be placed in a mildly flexed 
position (Figure 17- 2b). When testing the quadriceps fem-
oris reflex (patellar tendon reflex, knee jerk) in a supine 
position, the knees should be mildly flexed and gently sup-
ported from below by the examiner’s hand (Figure 17- 2d).  
Then the tendon should be gently tapped by a tendon ham-
mer toward the direction so that the muscle can be stretched. 
For eliciting the masseter reflex (jaw jerk), for exam-
ple, the jaw should be tapped downward (Figure  17- 2a).  
Practically speaking, however, for most muscles of the 
extremities, straight tapping of the tendon at a right angle 
has a sufficient effect for stretching the muscle spindle. 
Generally speaking, for the flexor muscles like the biceps 
brachii, it is easier to put an examiner’s thumb on the tendon 
and to tap the thumb instead of directly tapping the tendon 
(Figure  17- 2b). By contrast, for the extensor muscles like 
the triceps brachii and the quadriceps femoris, it is easier to 
tap the skin over the tendon directly (Figure 17- 2c, d).

Regarding tendon hammers, a slightly flexible ham-
mer is ideal, but the use of a metal hammer is perfectly all 
right. What is most important for the hammer is to use 
a relatively soft material for the head. A  hard material is 
painful to the patient and is not effective for eliciting the 
tendon reflex efficiently. As for the way of tapping, leaving 
the hammer on the tendon for a moment after tapping is 

more effective than tapping in a bouncing way. For examin-
ing the tendon reflexes in newborns and infants, it is more 
practical to tap the skin with the examiner’s finger instead 
of a hammer.

Tendon Reflex of the Distal Extremity Muscles

For examining the finger flexor reflex (Box 42), while 
the examiner’s fingers are placed on the palmer aspect of 
the gently flexed fingers, tapping should be applied on 
the examiner’s fingers. As this reflex may not be clearly 
visible even in healthy subjects, it is difficult to prove a 
loss of this reflex clinically. By contrast, if this reflex is 
abnormally enhanced and accompanied by flexion of the 
thumb, it is called the Wartenberg reflex and provides 
an important clue for the presence of pyramidal signs. 
A similar reflex can be elicited by grabbing a middle fin-
ger of the patient with the examiner’s thumb and mid-
dle fingers and then flip a quick extension of the distal 
phalanx. An enhanced state of this reflex is called the 
Hoffmann reflex.

The ankle jerk (Achilles tendon reflex) is often 
decreased in healthy aged subjects, and may not be detect-
able by visual inspection. For eliciting the toe flexor reflex, 
the metatarsal bones can be tapped on their dorsal aspect 
or plantar aspect. If this reflex is abnormally enhanced, it is 
called the Mendel- Bechterew reflex for the dorsal tap and 
the Rossolimo reflex for the plantar tap. Like the finger 

α motor neuron

Renshaw cell

Recurrent collateral

Figure 17- 1 Schematic diagram to show the recurrent inhibitory pathway of the spinal cord. Although it is not shown in this figure, the Renshaw cell also 
inhibits other motor neurons that supply muscles with similar action. (Modified from Brodal, 2010, with permission)
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flexor reflex, it is often difficult to prove a loss of the toe 
flexor reflex clinically.

How to Confirm Loss of Ankle Jerk

In order to confirm loss of ankle jerk in patients with pos-
sible diagnosis of peripheral neuropathy, it is important 
to apply a reinforcement technique. For example, while a 
patient is asked to clasp hands together in front of the chest 
either in a sitting or supine position, the examiner gives a 
verbal order to pull them apart hard, and the Achilles ten-
don is tapped immediately after the verbal order is given. 
In fact, even in healthy older subjects, the ankle jerk may 
be elicited only by this maneuver (Jendrassik maneuver). 
If the ankle jerk is not elicited even by this reinforcement 
in a sitting or supine position, the tendon tap can be tried 
while the patient is kneeling down on a chair with the feet 

protruding backward from the edge of the chair. If the 
ankle jerk is not elicited even after the above change of 
position, then the reinforcement technique can be applied 
in this new position. If the ankle jerk is not elicited after all 
those trials, then it is judged to be lost. In this regard, if the 
ankle jerk is unilaterally absent, as in a case of lumbar disc 
herniation, then its diagnostic significance is much higher 
(Box 43).

Significance of Hyperactive Tendon Reflexes

If symmetric increase of tendon reflexes is the only pyrami-
dal sign, its diagnostic significance may not be specific. If it 
is accompanied by spasticity with clasp- knife phenomenon, 
clonus and/ or pathological reflexes like the Babinski sign, 
then hyperreflexia is certainly regarded as a sign suggestive 
of a lesion of upper motor neuron or pyramidal tracts. Of 

a b

d e

c

Figure 17- 2 Methods for testing the representative tendon reflexes. (a) masseter reflex (jaw jerk), (b) biceps brachii reflex, (c) triceps brachii reflex, 
(d) knee jerk (quadriceps femoris reflex), (e) ankle jerk (Achilles tendon reflex). The ankle jerk can be also tested with the patient in a sitting position 
with the ankle free. In this figure, different kinds of tendon hammer are illustrated.
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course, if hyperreflexia is seen asymmetrically, its diagnostic 
significance is high.

As was described in relation to reinforcement, excit-
ability of motor neurons is increased throughout the body 

by intended movement of any part of the body. Therefore, 
if a patient is nervous or emotionally excited, excitability 
of motor neurons might be increased even in the resting 
condition, thus lowering the threshold of motor neurons. 
In that case, therefore, it is worth examining the tendon 
reflexes after the patient is relaxed. However, no matter how 
nervous the patient is, hyperreflexia is never asymmetric in 
healthy conditions.

3.   PATHOLOgICAL REFLEXES AND THEIR 
gENERATINg MECHANISMS

Some reflexes seen in healthy newborns are pathological 
when seen in adults. There are two groups of pathological 
reflexes. One is the pathological reflex in a narrow sense, 
and its presence indicates an impairment of the upper 
motor neurons or the pyramidal tract. The other group is 
the primitive reflex (see Chapter  10- 2E). Representative 
forms of the pathological reflex are the Babinski sign, 
Chaddock sign, and Strumpell sign of the lower extremi-
ties. Overactive tendon reflexes called by the investigator’s 
name, such as Wartenberg, Hoffmann, Trömner, Mendel- 
Bechterew, and Rossolimo, do not belong to the patholog-
ical reflexes. The pathological reflex is a polysynaptic reflex 
formed of complex somatosensory afferents and multiseg-
mental motor efferents. 

The plantar reflex is elicited by stroking the sole of a 
foot with the blunt end of the handle of a tendon hammer 
or a key, and is manifested as toe flexion in healthy adults. 
The extensor plantar reflex consists of extension of the big 
toe associated with fanning and/ or extension of other toes 
(Figure 17- 3). It is elicited by stroking the lateral aspect 
of a sole from the heel toward the toes (Babinski sign) or 
by stroking the lateral dorsal aspect of a foot also from the 
heel toward the toes (Chaddock sign). For eliciting the 
Babinski sign, it is useful to grab the dorsum of foot with 
the examiner’s hand while stroking the sole. When the 
Babinski sign is exaggerated, gentle pressure of the sole by 
the handle of the hammer is just enough to elicit the sign. 
Furthermore, when the pyramidal sign is exaggerated, a 
flexor withdrawal reflex may be seen in the proximal leg on 
the side of the stimulated sole (Box 44). In patients whose 
upper and lower motor neurons are both involved, if the 
extensor hallucis longus muscle is completely paralyzed as 
a result of a lower motor neuron lesion, the big toe is not 
expected to extend in response to the plantar stimulus. In 
that case, the proximal leg muscles might contract, eliciting 
the flexor withdrawal reflex, which can be interpreted to 
suggest the presence of upper motor neuron involvement.

BOX 42 SIgNIFICANCE OF FINgER FLEXOR REFLEX

The most common pathology of cervical spondylosis is the nar-

row spinal canal and intervertebral foramen at the C5- C6 level. In 

this case, the biceps brachii reflex is lost because the C6 spinal 

root is affected, and the triceps brachii reflex (mainly innervat-

ed by the C7 segment) and all the tendon reflexes caudal to it 

are enhanced (see Chapter 16- 1B). Although the brachioradialis 

muscle is located distal to the biceps brachii muscle, those two 

muscles are innervated by the same segment (C6), and thus the 

brachioradialis reflex is also lost. If the main lesion is at the C6- 

C7 level, the triceps brachii reflex is lost, and the finger flexor re-

flex (innervated by the C8- Th1 segment) and all the tendon reflex-

es caudal to it are enhanced. In this case, therefore, Wartenberg 

reflex and Hoffmann reflex are quite important diagnostically.

The Wartenberg reflex and Hoffmann reflex, like the Mendel- 

Bechterew reflex and Rossolimo reflex, are all enhanced ten-

don reflexes, and not pathological reflexes in the narrow sense. 

Pathological reflexes are the reflexes seen in healthy newborns 

but not in healthy adults, like the Babinski sign and Chaddock 

sign (see section 3 of this chapter).

BOX 43 ACHILLES TENDON REFLEX AND PERIPHERAL   

NERVE LESIONS

Some physicians might exclude a possibility of polyneuropathy 

based on the presence of ankle jerk (Achilles tendon reflex), 

but theoretically this is not correct. That is because the recep-

tor of the afferent reflex arc (muscle spindle) and the effector 

of the efferent arc (neuromuscular junction) are both situated 

in the middle of the calf muscle (halfway between the knee and 

ankle). Therefore, although the tendon tap is applied to the an-

kle, we are just looking at function of a reflex circuit proximal 

to the middle of the lower leg (see Figure 16- 31). In axonal 

polyneuropathy and dying back neuropathy, the pathological le-

sion is more severe in the more distal part of the nerve. In this 

case, therefore, in order to prove loss of tendon reflexes, the 

more distal tendon reflex, namely the toe flexor reflex, has to 

be examined. Practically speaking, however, as the toe flexor 

reflex may be difficult to elicit even in healthy subjects, electro-

physiological studies may become necessary.
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Significance of Babinski Sign

The Babinski sign is the most specific sign among all neuro-
logic signs. Its presence always indicates a lesion of the pyra-
midal tract or the upper motor neurons. However, there are 
many false negatives (Isaza Jaramillo et al, 2014). Another 
problem with the Babinski sign is considerable inter-  
observer variability. In spite of the fact that this is the most 
important sign in neurology, the mechanism underlying its 
generation has not been clearly elucidated. The Babinski 
sign is seen in healthy infants under the age of 6 months, 
and it disappears as myelination of the pyramidal tract is 
completed. Although other reflexes such as snout, sucking, 
and grasping are also seen in healthy infants, the occurrence 
of these reflexes in adults has nothing to do with a pyra-
midal lesion, and they belong to the primitive reflexes (see 
Chapter 10- 2E).

4.   LOSS OF SUPERFICIAL  REFLEX AS    
A  PYRAMIDAL SIgN

Among superficial reflexes, the abdominal reflex and the 
cremasteric reflex can be lost by a lesion of the pyramidal 
tract.

Figure 17- 3 Typical Babinski sign elicited in a patient with multiple 
sclerosis. Mainly the big toe is dorsiflexed while the other toes show 
fanning. When it is difficult to elicit the sign, it is useful to grab the 
dorsum of foot with the examiner’s other hand while stroking the sole as 
shown in this photo.

BOX 44 COMPLETE MOTOR PARALYSIS OF TOES   

AND BABINSKI SIgN

In patients with complete motor paralysis of toes, special cau-

tion is necessary for judging the presence or absence of the 

Babinski sign. If the toe extensor muscles are completely par-

alyzed due to impairment of the anterior horn cells or the α 

motor fibers innervating those muscles, the Babinski sign is 

not expected to occur even with the presence of the upper 

motor neuron impairment, because the reflex circuit is inter-

rupted. In that case, however, if the muscle strength of the 

pelvic girdle and proximal legs is preserved to a certain extent, 

those muscles will contract in response to the plantar stimulus 

and produce the flexed posture of the legs. This is called flexor 

withdrawal reflex and may be interpreted as a pyramidal sign. 

By contrast, if the toe extensor muscles are paralyzed by a 

lesion of the corticospinal tracts or the upper motor neurons, 

the Babinski sign is expected to be positive even if the degree 

of motor paralysis is complete. An exception to this is the so- 

called spinal shock, which is seen in the acute stage of severe 

vascular or inflammatory insult to the central nervous system. 

In spinal shock, the tendon reflexes and superficial reflexes 

are all lost.

BOX 45 ABDOMINAL REFLEX AND ABDOMINAL 

MUSCLE REFLEX

The abdominal reflex (abdominal wall reflex) is a superficial 

reflex elicited by stroking the abdominal wall from lateral to me-

dial and judged by observing a lateral shift of the umbilicus. By 

contrast, the abdominal muscle reflex is elicited by tapping the 

rectus abdominis muscle on either side and judged by observ-

ing the contraction of that muscle. In a lesion of the pyramidal 

tract above the lower thoracic segment, the abdominal reflex 

is lost whereas the abdominal muscle reflex is exaggerated. 

Therefore, it is conceivable that the abdominal muscle reflex is 

a muscle stretch reflex whereas the abdominal reflex is a poly-

synaptic superficial reflex involving the central nervous system 

at least above the lower thoracic cord. If the thoracic cord or 

thoracic nerves of the segments Th8- Th12 are involved by a le-

sion, both of the above two reflexes are lost, because the final 

common pathway is interrupted. Both reflexes may be difficult 

to elicit in aged subjects, obese subjects, multipara, and those 

having past history of abdominal surgery. Loss of the abdom-

inal reflex or enhancement of the abdominal muscle reflex is 

especially meaningful when it is asymmetric.
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Abdominal Reflex (Abdominal Wall Reflex)

The abdominal reflex is a reflex shift of the umbilicus elic-
ited by a superficial stimulus of the abdominal wall. To elicit 
this reflex, the abdominal wall is stroked or lightly scratched 
by the handle of a hammer from lateral toward the umbili-
cus. As a normal response, the umbilicus shifts toward the 
side of stimulus presentation. However, if the abdominal 
wall is stroked away from the umbilicus, it may confuse the 
judgment because the umbilicus might be mechanically 
pulled laterally. It is useful to test the upper, middle, and 
lower segments of the abdomen, each comparing the left 
and right.

Tapping of the rectus abdominis muscle causes a reflex 
contraction of that muscle (abdominal muscle reflex), and 
this reflex is enhanced in a lesion of the pyramidal tract 
(Box 45). However, this reflex might not be easily elicited 
even in healthy subjects depending on the condition of the 
abdominal wall, and its diagnostic significance is not as 
high as the tendon reflexes of extremities, unless there is a 
clear asymmetry.

Cremasteric Reflex

This is a superficial reflex that can be tested only in males. The 
stimulus is given by stroking the skin of the proximal medial 
aspect of the thigh with the handle of a hammer downward 
and the reflex is observed as an ascent of the testis. Like the 
abdominal reflex, its loss indicates a lesion of either the spi-
nal cord or spinal nerves of the corresponding segments or 
a lesion of the pyramidal tract. The stimulus can be applied 
upward as well, but it is easier to judge the reflex if it is applied 
toward the opposite direction from the response. The diag-
nostic significance is higher if this reflex is lost just on one side.
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18.

INVOLUNTARY MOVEMENTS

I nvoluntary movements are defined as abnormal unin-
tended movements. It should be defined as “abnormal” 
because not all unintended movements are abnor-

mal. For example, movements like blinks, spontaneous 
eye movements, chewing, swallowing, yawning, breath-
ing, walking, and habits can be executed voluntarily, but 
they may occur spontaneously without involving “will to 
move.” Involuntary movements are grouped into several 
categories depending on the characteristic clinical features 
of each involuntary movement. Those include tremor, 
chorea, ballism, athetosis, dystonia, myoclonus, dyskine-
sia, tics, and asterixis, and many of them were described 
more than 100  years ago based on clinical observation. 
Usually it is possible to classify involuntary movements by 
visual inspection, but electrophysiological tests are useful 
in confirming the diagnosis of some of them (Shibasaki, 
2012, for review). It should be kept in mind that many 
of the involuntary movements can occur as side effects of 
pharmaceutical drugs.

1.   EXAMINATION OF  INVOLUNTARY 
MOVEMENTS

Involuntary movements can be examined systematically 
as shown in a flow chart (Figure 18- 1). Physical examina-
tion of involuntary movements may be started by paying 
attention to the rhythmicity as to whether the movements 
in question repeat themselves at a steady rhythm (rhyth-
mic) or with a steady interval between the movements 
(periodic), or whether they are irregular. The distinction 
between rhythmic and periodic movements may not be 
clear in some cases, especially when the movements are 
repeated at relatively high frequency. A  typical exam-
ple of rhythmic involuntary movement is tremor, and 
a typical example of periodic involuntary movements 
is periodic myoclonus as seen in Creutzfeldt- Jakob dis-
ease. Myoclonus is usually irregular, but it may appear 

rhythmic when it repeats itself with short intervals. In 
this case, however, each individual movement may look 
shock- like and it can be confirmed by palpating the con-
tracting muscle, whereas each movement of tremor is asso-
ciated with relatively slow muscle contraction. Recording 
of the surface EMG is helpful for distinguishing the two 
conditions.

Most other involuntary movements occur irregularly. 
Ballism (ballismus) is a violent movement and is usually 
seen unilaterally (hemiballism [hemiballismus]). Among 
the involuntary movements associated with relatively slow 
muscle contraction, athetosis and dystonia are charac-
terized by a twisting or writhing nature. Dyskinesia is 
composed of complex movements, and chorea is made of 
relatively simple movements.

When one encounters an involuntary movement, it 
is not always necessary to try to classify it into a known 
category. This is because some patients may have a mixed 
feature of more than one involuntary movement; for 
example, coexistence or mixture of tremor, myoclonus, 
and dystonia, and some patients may have a hitherto unde-
scribed involuntary movement. What is most important is 
to precisely describe what is observed. If the examiner can 
describe the clinical manifestation appropriately, that will 
often lead to a correct diagnosis.

2.   TREMOR

Tremor is characterized by repetition of the same move-
ments at a certain pace (rhythmicity). Tremor was for-
merly described first in the 17th century, but its concept 
was established when Parkinson described paralysis agi-
tans in 1817. In most cases of tremor, the surface EMG 
correlate of muscle contraction is usually a brief burst of 
action potentials. It commonly shows alternating contrac-
tion of agonist and antagonist muscles, but in some cases 
the agonist and antagonist contract almost at the same 
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time, although not exactly synchronously. Furthermore, 
these EMG findings may vary depending on the clini-
cal stage and the position of extremities. Even in a single 
case, reciprocal contraction may be seen in one hand and 
simultaneous contraction in the other hand at the same 
time (Figure 18- 2). Tremor is largely classified into physio-
logical tremor and pathological tremor, and pathological 

tremor is classified into resting tremor, postural tremor, 
and action tremor (Deuschl et al, 2001, for review).

A .   R E S T I N g   T R E M O R

Tremor seen in the resting condition is called resting tremor. 
Resting tremor is commonly seen at about 5 Hz, and the 

Involuntary movements
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tremor myoclonus
tic

dystonia athetosis chorea ballismdyskinesia 
akathisia
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bizarrepostural 

complex simple

rhythmic/periodic

Figure 18- 1 Classification of involuntary movements based on the clinical features, and an example flow of steps for visual inspection.
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Figure 18- 2 Records of the surface EMG and accelerometer in a patient with essential tremor. ECU: extensor carpi ulnaris muscle, FCU: flexor carpi 
ulnaris muscle. In the right hand (R), the wrist flexor and extensor muscles are contracting nearly at the same time while, in the left hand (L), they are 
contracting alternately. (Courtesy of Dr. Zoltan Mari)
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typical resting tremor is seen in Parkinson disease. Similar 
resting tremor may be seen in parkinsonism other than 
idiopathic Parkinson disease, and its presence indicates a 
lesion or dysfunction of basal ganglia. “Resting” of the rest-
ing tremor does not imply psychological or emotional rest-
ing at all, because the resting tremor is rather enhanced by 
mental activity, emotional excitation, and physical exercises 
involving other parts of the body. For example, a patient 
with Parkinson disease may have no tremor when at com-
plete rest, but once he/ she starts talking or walking, the 
tremor often appears in hands. For another example, in a 
Parkinson patient having resting tremor in the right hand, 
the tremor may stop once he/ she starts moving the right 
hand while the resting tremor may appear in the left hand. 
Physiologically, therefore, resting tremor is defined as a 
tremor seen in the muscles that are not actively contracting 
(Box 46). The resting tremor may be seen in the lips, which 
may be called rabbit syndrome because of its resemblance 
to the lips of a rabbit.

Generating Mechanism of Tremor in Parkinson Disease

Although the generating mechanism of tremor in Parkinson 
disease has not been completely clarified, it is considered to 

be mediated by the sensorimotor cortex. There is a signif-
icant correlation of frequency between the cortical rhyth-
mic activities of the hand area of the motor cortex recorded 
by electroencephalogram (EEG) or magnetoencephalo-
gram (MEG) and the EMG discharges of tremor of the 
contralateral hand (Figure 18- 3). This phenomenon is 
called corticomuscular coherence. Here a question arises 
as to whether this correlation might be due to propriocep-
tive feedback from the peripheral muscle to the sensori-  
motor cortex as a result of the tremor. However, as a result 
of mathematical analysis, this cortical rhythm is believed 
to be a cause of tremor rather than its result. Namely, it is 
postulated that the tremor is driven by the cortical rhythm.

Although there is corticomuscular coherence in 
Parkinson tremor, the pacemaker of the tremor is thought 
to be subcortical with involvement of the basal ganglia but 
not in the sensorimotor cortex. In patients with Parkinson 
disease who have resting tremor, positive correlation has 
been found at the tremor frequency between the tremor of a 
hand and the neuronal discharge recorded from the contra-
lateral subthalamic nucleus during deep brain stimulation 
(DBS) (Figure 18- 4) (Wang et  al, 2006). In a functional 
MRI study, functional correlation between the subthalamic 
nucleus and the ipsilateral sensorimotor cortex has been 
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Figure 18- 3 Coherence between EEG and EMG in a 78-year-old patient with essential tremor who developed Parkinson disease 50 years after the 
clinical onset of essential tremor. EMG discharges associated with resting tremor of a hand show a peak of coherence with EEG recorded from the 
contralateral central region at 4.3 Hz, and those associated with postural tremor show a peak of correlation at 5.2 Hz. (Modified from Inoue et al, 
2007, with permission)
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found greater in the Parkinson patients with tremor than 
those without tremor (Baudrexel et al, 2011).

Recently, a role of the cerebellum in the generation of 
tremor has drawn increasing attention. Clinically, deep 
brain stimulation of the Vim nucleus of the thalamus 
(cerebellar relay nucleus) is more effective for Parkinson 
tremor than that of the Vop nucleus (striatal relay nucleus). 
A functional MRI study of Parkinson patients with tremor 
by Helmich et al. (2011) showed that activity in the contra-
lateral sensorimotor cortex, Vim, and ipsilateral cerebellum 
is increased in proportion to the magnitude of the resting 
tremor. In a study with transcranial magnetic stimulation 
(TMS), it was shown that the inhibitory effect of the cer-
ebellum on the contralateral motor cortex is decreased in 
Parkinson patients (Ni et  al, 2010). Recently, Helmich 
et al. (2012, for review) explained parkinsonian tremor as 
resulting from the combined actions of two circuits:  the 
basal ganglia that trigger tremor episodes and the cerebello- 
thalamo- cortical circuit that produces the tremor.

B .   P O S T U R A L   T R E M O R

Postural tremor is defined as a tremor seen while the corre-
sponding extremity is assuming a certain posture, in other 
words during the isometric contraction of the correspond-
ing muscles. Typical examples are seen in the hands while 
the upper extremities are kept extended forward or in the 
arms while they are kept in front of the chest with the 
elbows flexed, and in legs while the knees are kept flexed 
in the supine position. It usually starts a few seconds after 
taking a certain posture and increases in amplitude. In con-
trast, in patients with Parkinson disease, the resting tremor 
disappears after taking a certain posture and some seconds 
later it might reappear. This phenomenon is called re-  
emergent tremor ( Jankovic et al, 1999).

Tremor seen in the hands while sitting in a chair with 
the hands placed on the knees is usually resting tremor, but 
essential tremor (see below) involving contraction of the 
proximal upper extremities may mechanically cause shaking 
of hands, which may resemble resting tremor of hands. In 

−10ST
N

 (μ
V)

fle
xo

r (
μ

V)

0

10

600

300

0

LFP of STN
Power spectrum

Power spectrum

Cross spectrum
Coherence spectrum

EMG

1s

0.0

0.5

1.0

1.5

PS
D

 (×
10

3 × μ
V2 /H

z)

2018161412108
frequency（Hz）

6420

2018161412108
frequency（Hz）
64200

100

200

300

PS
D

 (×
10

3 × μ
V2 /H

z)

0

10000

20000

30000

40000

50000

cr
os

s 
sp

ec
tr

um
 (×

10
3 × μ

V2 /H
z)

2018161412108
frequency（Hz）
6420

0.0

0.1

0.2

0.5

0.4

0.3

co
he

re
nc

e

2018161412108
frequency（Hz）

6420

Figure 18- 4 Local field potential (LFP) of the subthalamic nucleus (STN) and the tremor EMG of the contralateral hand (EMG) in a patient with 
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this case, it is useful to determine which muscles are actually 
contracting.

Essential Tremor

Essential tremor is the most common cause of postural 
tremor (Elble, 2006). It is commonly seen in hands at the 
frequency of 5 Hz on average. In the typical case of essen-
tial tremor, although the tremor may continue throughout 
motor execution like the nose- finger- nose test, it is espe-
cially pronounced when the movement stops at the nose or 
at the examiner’s finger (Box 47).

Essential tremor often appears to be an autosomal 
dominant hereditary disease with high penetrance, but 
finding genes is proving very difficult. The age of onset 
varies from young adults to aged people. There are no sig-
nificant movement abnormalities other than the tremor, 
although there might be a little ataxia or dystonia in some 
cases. Its progression is very slow, but it can cause a sig-
nificant disability for daily life. Characteristically, essen-
tial tremor is ameliorated by ethanol intake (Box 48). 
Furthermore, about 20% of the patients with essential 
tremor also have migraine.

Pathophysiology of essential tremor has not been com-
pletely elucidated, but it is postulated, like the resting 
tremor in Parkinson disease, that it is also mediated by the 
sensorimotor cortex based on the demonstration of cortico-
muscular coherence (Figure 18- 3).

The pacemaker of essential tremor is postulated to 
exist in the cerebellum. In patients with essential tremor, 
the neuronal discharge of the Vim nucleus of the thala-
mus (cerebellar relay nucleus) is increased with the same 

BOX 46 WHY IS THE RESTINg TREMOR IN PARKINSON 

DISEASE SUPPRESSED BY VOLUNTARY MOVEMENT?

Involuntary movements are generally induced or enhanced by 

intended movement of the corresponding part of the body, and 

the resting tremor seen in Parkinson patients is an exception 

in this regard. To this phenomenon, a physiological concept 

that the rhythmic oscillation of the motor cortex tends to be in-

creased during the relatively inactive (idling) state, whereas the 

oscillation tends to be lost when that part of cortex is activat-

ed, might be related. Assuming that the rhythmic activity of the 

motor cortex is driving the resting tremor, intended movement 

of the corresponding part of the body is expected to suppress 

the rhythmic activity and to suppress the tremor rhythm. Then, 

a question arises as to why the intended movement of other 

parts of the body or mental excitation enhances the resting 

tremor. For this phenomenon, distraction to other activities 

might put the part of the tremor- related motor cortex into a 

kind of idling state and thus increase the rhythmic oscillations 

including the tremor pacemaker (Shibasaki, 2012, for review). 

This hypothesis, however, does not explain why essential trem-

or and action tremor are enhanced by intended movement of 

the corresponding part of the body in spite of the fact that both 

are mediated by the sensorimotor cortex.

BOX 47 ASYMMETRY OF TREMOR

It might be thought that the hereditary diseases like essential 

tremor are expected to present symmetric symptomatology, 

but that impression is not correct. In fact, essential tremor and 

Parkinson tremor start unilaterally in most of the cases. Ampli-

tude of tremor can be markedly asymmetric in both essential 

tremor and Parkinson disease. By contrast, the peak frequency 

of tremor is relatively symmetric in essential tremor, while in 

Parkinson disease it may be also asymmetric and the variabil-

ity of tremor frequency is different between the two sides (Far-

kas et al, 2006). In other words, Parkinson tremor is asymmet-

ric in terms of both the amplitude and the peak frequency, but 

essential tremor may be asymmetric in amplitude but not much 

so in frequency. In contrast, tremor seen in hyperthyroidism 

and asterixis seen in hepatic encephalopathy are usually sym-

metric, and so is physiological tremor. It is noteworthy that, for 

all kinds of tremor, the pattern and the distribution may not be 

constant and they tend to vary even within an individual patient 

depending on the clinical stage and the position of extremities.

BOX 48 INVOLUNTARY MOVEMENTS SUPPRESSED 

BY ETHANOL INTAKE

It is well known that essential tremor is decreased by ethanol 

intake. Other conditions for which ethanol may be effective in-

clude hereditary myoclonus- dystonia syndrome (Box 53), post-

hypoxic myoclonus (Lance- Adams syndrome) and paramyotonia 

congenita (see Chapter 25- 1C). Instead of giving ethanol for 

the treatment, there is a drug that has similar effect on the 

involuntary movements but does not cause drunkenness, so-

dium oxybate, which is approved in the United States for nar-

colepsy (Frucht et al, 2005). An open- label, single- dose, cross-

over study of 1- octanol in patients with alcohol- responsive 

essential tremor was effective in suppressing tremor (Nahab 

et al, 2011).
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peak frequency as the tremor EMG of the contralateral 
hand, and both activities show a significant correlation 
at the same frequency (Figure 18- 5). Furthermore, the 
tremor is suppressed by DBS of that thalamic region. 
A  patient with essential tremor was reported in whom 
tremor disappeared and was replaced by ataxia and slow 
action tremor after hemorrhage in the ipsilateral cerebel-
lar hemisphere (Rajput et al, 2008). Kinesiologic analy-
sis of patients with essential tremor disclosed intention 
tremor and hypermetria suggesting cerebellar dysfunc-
tion. Furthermore, a functional neuroimaging study with 
positron emission tomography (PET) in patients with 
essential tremor revealed increased blood flow in the cer-
ebellum and red nucleus at rest, and increased glucose 
metabolism in the cerebellum. Further, MR spectros-
copy revealed a decrease in the ratio of N- acetyl aspar-
tate/ creatine in the cerebellar cortex. These findings are 
interpreted to suggest impairment of cerebellar cortex 
and disinhibition of the cerebellar efferent pathway. 
Furthermore, tremor induced in animals by harmaline is 
known to be suppressed by ethanol and β blockers, and in 
this condition increased neuronal activity was shown in 
the olivo- cerebellar system.

Recently an increasing number of autopsy cases of 
essential tremor have been reported. Axelrad et al. (2008) 
reported a decrease in the number of Purkinje cells in the 

cerebellum, but other reports have not shown consistent 
abnormalities in the cerebellum (Shill et al, 2008; Elble & 
Deuschl, 2011, for review; Symanski et al, 2014). A patho-
logical study in 23 cases showed decreased parvalbumin, 
which is a marker of GABAergic neurons, in the locus coe-
ruleus but no abnormality in the cerebellum (Shill et  al, 
2012). More recent pathological studies of essential tremor 
demonstrated significant reduction in dendritic complexity 
of Purkinje cells compared with normal age- matched con-
trol subjects (Louis et al, 2014).

There is increasing evidence suggesting an overlap 
between essential tremor and Parkinson disease ( Jiménez- 
Jiménez et  al, 2012, for review). However, this issue still 
remains controversial (Adler et al, 2011, for review).

Other Conditions Presenting with Postural Tremor

Tremor seen in Wilson disease is most commonly a typi-
cal postural tremor (Wilson, 1912). In this condition, the 
tremor mainly involves the distal upper extremities in the 
early clinical stage, but in the advanced stage it shows gross 
tremor in the arms, which is called wing beating tremor. 
The wing beating tremor may not be detected unless the 
arms are held in flexion in front of the chest or unless the 
legs are kept in flexion in the supine position or the legs are 
held apart in the sitting position.
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In contrast, tremor seen with hepatic encephalopathy is 
formed of repetitive drops of extended hands or extended 
fingers, and the term asterixis was coined by Adams and 
Foley in 1953 (Young & Shahani, 1986). This is caused 
by repetitive interruptions of EMG discharges of extensor 
muscles and is also called negative myoclonus. It is especially 
common in the state associated with hyperammonemia. 
The asterixis is different from the wing beating tremor of 
Wilson disease. The term “flapping” may be used to mean 
both wing beating tremor and asterixis, but this term may 
not be very appropriate.

Hyperthyroidism is also known to cause postural 
tremor. Thus, when a patient has tremor of undetermined 
cause, it is worthwhile checking the liver and thyroid func-
tions. Whenever the wing beating tremor is encountered in 
young subjects, it is particularly important to test the blood 
level of ceruloplasmin and urinary copper. In Wilson dis-
ease, ceruloplasmin and total copper are decreased in the 
serum, and urinary excretion of copper is elevated (see also 
the section of dystonia).

Titubation

Oscillation of head in the anteroposterior or vertical direc-
tion in the standing position is called titubation. This phe-
nomenon is seen in association with a cerebellar lesion 
and is considered to be a kind of postural tremor because 
it involves the neck and axial muscles during isometric 
contraction.

Physiological Tremor

In healthy subjects, fine tremor of fingers might be seen at a 
frequency of about 10 Hz when they hold the upper limbs 
straight forward, especially when the subjects are excited 
or nervous. Physiologically, both the mechanical factor 
and the central factor are considered to be involved in this 
tremor. Pure mechanical tremor is due to a resonance of 
the peripheral structures without involving muscle contrac-
tion, and thus it can be recorded with an accelerometer but 
not with EMG. By contrast, Parkinson tremor and essential 
tremor are central tremors. In enhanced physiological 
tremor, not only the mechanical but also the reflex mecha-
nism is considered to be involved.

C .   A C T I O N   T R E M O R

Tremor involving a muscle that is changing its length by iso-
tonic contraction is called action tremor. Action tremors 

occur during kinetic or intentional movement (kinetic 
tremor or intention tremor). The intention tremor may 
be related to the fact that the excitability of motor cortex 
starts increasing before the actual movement starts. A typ-
ical example of action tremor is cerebellar tremor due to a 
lesion of the cerebellar efferent pathway or the dentatotha-
lamic tract. It is usually seen in upper extremities as tremor 
of large amplitude. Its frequency varies but is most com-
monly about 3 Hz. The frequency tends to be low for action 
tremor involving the proximal muscles and relatively high 
for that of distal muscles. In most cases, cerebellar ataxia is 
also seen, but dysmetria is difficult to confirm because of 
the presence of tremor. Common causes of a lesion of the 
superior cerebellar peduncle are multiple sclerosis and vas-
cular lesions (Boxes 49 and 50). A combination of scanning 
speech, intention tremor, and nystagmus was called the 
Charcot triad of multiple sclerosis.

Task- Specific Tremor

Tremor seen during execution of a specific task includes 
voice tremor, primary writing tremor, and orthostatic 
tremor. Voice tremor occurs in a subject who has to speak 
all the time, and the voice oscillates in its amplitude while 
speaking. Primary writing tremor is seen in the hand only 
when writing. These conditions may be variants of focal dys-
tonia. Shaking of legs while standing is called orthostatic 
tremor and is seen in patients with Parkinson disease, par-
kinsonism, essential tremor, and cerebellar ataxia, but the 
underlying condition of undetermined etiology is called 
primary orthostatic tremor (Mestre et  al, 2012; Hassan 

BOX 49 TREMOR CAUSED BY MIDBRAIN LESION

Infarction involving the medial part of the midbrain causes 

complex tremor composed of resting, postural, and kinetic 

tremor at a frequency of less than 4.5 Hz in the contralateral 

upper extremity. Resting tremor is caused by a lesion of the 

nigrostriatal pathway in the midbrain tegmentum, and postural 

and kinetic tremor is due to a lesion of the dentatothalam-

ic tract or red nucleus. This tremor complex corresponds to 

Holmes’ tremor (Gajos et al, 2010; Raina et al, 2016). It may 

also be called “peduncular rubral tremor” (Remy et al, 1995), 

but this terminology might be a little confusing. The resting 

tremor in this condition responds to L- dopa in some cases. If 

unilateral oculomotor nerve palsy is associated with involun-

tary movement in the contralateral extremity, it is called Bene-

dikt syndrome (see Chapter 9- 1A and Table 8- 1).
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et al, 2016). The condition is primarily seen while standing 
still, and little if any during walking or during other activi-
ties. Recording with the surface EMG discloses symmetric 
oscillation at 13 ~ 18 Hz not only in the legs but also in the 
upper limbs. Treatment with gabapentin or clonazepam has 
been reported to be effective. Occurrence among siblings 
has been reported (Virmani et al, 2012).

3.   CHOREA

Chorea is formed of irregular, relatively quick movements 
involving the hands, mouth, and tongue, and is characterized 
in the beginning by a quasi- purposive appearance. In other 
words, the movement may appear purposeful and can be eas-
ily imitated. Sydenham in 1686 described small movements 
of fingers, toes, and lips in children with rheumatic fever 
(Sydenham chorea). This form of chorea is different from the 
gross dancing movements described by Huntington in 1872.

Hereditary diseases presenting with chorea include 
Huntington disease, neuroacanthocytosis, and dentato- 
rubro- pallido- luysian atrophy. Huntington disease is a rep-
resentative form of autosomal dominant hereditary disease 
and is characterized by chorea and progressive cognitive 
decline which often starts in the 30s (Box 51). It is due to a 
triplet repeat of the huntingtin gene, and its main patholog-
ical abnormality includes neuronal degeneration of the cau-
date nucleus and atrophy of the frontal lobe. In patients with 
young onset, rigidity may predominate over other symptoms.

Neuroacanthocytosis (chorea- acanthocytosis, 
Levine- Critchley syndrome) can be clinically similar to 
Huntington disease, but its mode of inheritance is variable. 
Its X- linked form is called McLeod syndrome. It is charac-
terized by acanthocytosis in the peripheral blood, and the 
orolingual chorea is so severe that it often causes tongue 
bite (see Figure  3- 14). Dentato- rubro- pallido- luysian 

atrophy (DRPLA) is an autosomal dominant hereditary 
disease and shows myoclonus, generalized convulsions, cog-
nitive decline, chorea, and cerebellar ataxia. It is caused by 
abnormal expansion of a CAG repeat and its gene product 
is atrophin- 1. The main clinical picture is different depend-
ing on the age of onset. Patients with onset in childhood 
show myoclonus, generalized convulsion, and mental dete-
rioration, whereas those with adult onset tend to show cho-
rea and cerebellar ataxia in addition to myoclonus.

Symptomatic Chorea

Chorea may be seen in a variety of systemic conditions such 
as vascular disease of basal ganglia, rheumatic fever, preg-
nancy (chorea gravidarum), thyrotoxic chorea, and senile 
chorea. It is also important to note that chorea can occur as 
a side effect of neuroleptics. Chorea seen in association with 
rheumatic fever (Syndenham chorea) is considered to be 
caused by an autoimmune mechanism against striatal anti-
gen in relation to streptococcal infection. A series of con-
ditions seen in children in association with streptococcal 
infection is coined pediatric autoimmune neuropsychi-
atric disorders associated with streptococcal infection 
(PANDAS) (Brilot et al, 2011), but many experts do not 
believe that this is really a definable separate syndrome.

A question as to whether chorea is, like essential tremor 
and Parkinson tremor, mediated by the sensorimotor cor-
tex or not has not been solved. As D2- blocker is effective on 
chorea in most cases, it is considered that a relative hyperex-
citable state of the dopaminergic system is postulated for the 
underlying mechanism. The central monoamine inhibitor 
tetrabenazine has been reported to be effective for chorea.

BOX 50 FRAgILE X- ASSOCIATED TREMOR/ ATAXIA SYNDROME

This syndrome occurs in males of age over 50 years with the 

initial symptom of postural and action tremor. This is due 

to CGG triplet repeat of fragile X mental retardation gene 1 

(FMR1). When the repeat expansion is 55 ~ 200, only the pos-

tural and intention tremor and cerebellar ataxia are manifest, 

while, with the expansion of more than 200, a complete form 

of fragile X syndrome occurs with additional symptoms of par-

kinsonism, cognitive decline, polyneuropathy, and autonomic 

nervous impairment (Berry- Kravis et al, 2007).

BOX 51 gENOTYPE AND PHENOTYPE OF HUNTINgTON 

DISEASE

Among hereditary neurodegenerative diseases, Huntington dis-

ease is especially known for its phenotypic heterogeneity. Even 

in patients with genetically confirmed Huntington disease, the 

involuntary movement may not be typical chorea, and instead 

it may appear as partial dyskinesia or even cerebellar ataxia. 

Therefore, in a patient presenting with any kind of movement 

disorder and progressive cognitive impairment, a possibility of 

this diagnosis should be considered. On the other hand, pa-

tients showing a typical clinical picture of Huntington disease 

may have different genetic abnormality (genetic heterogeneity), 

or genetic abnormality may not be identified (Wild et al, 2008; 

Kim & Fung, 2014, for review).
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4.   BALL ISM

Gross violent movements of extremities that look like 
throwing out or kicking away were first described as bal-
lism(us) by Greiff in 1883. It is commonly caused by a 
vascular lesion of the subthalamic nucleus or striatum and 
thus involves contralateral upper and lower limbs (hemi-
ballism). Vigorous muscle contractions irregularly involve 
the shoulder and pelvic girdles and the proximal limbs. It 
may be so severe that the patient may fall down from bed, 
and if hemiballism continues, it may even be life threat-
ening. However, it usually responds to medication with 
diazepam or a D2- blocker like haloperidol. In the chronic 
stage, each movement becomes less violent and resembles 
chorea, although it still involves primarily the proximal 
muscles.

Ballism- like involuntary movements can be seen as a 
manifestation of a transient ischemic attack (TIA), and it is 
called limb- shaking TIA. It is commonly seen in patients 
with marked narrowing or occlusion of the internal carotid 
artery, and gross violent movements involve the contralat-
eral upper or lower extremity, lasting less than 5 minutes. 
It is often induced by physical activities like standing up 
and may be accompanied by mild hemiparesis. Its under-
lying mechanism is undetermined, but it is postulated 
to be related to a hemodynamic disturbance (Persoon 
et al, 2010).

Hemichorea- hemiballism is seen in patients with uncon-
trolled diabetes mellitus, especially the nonketotic hyper-
glycemic state (Li & Chen, 2015). They may show high 
signal intensity lesions in the striatum on T1- weighted MRI.

5.   ATHETOSIS

Athetosis was described by Hammond in 1871 as irregular, 
slow, writhing movements seen in hands and feet. The move-
ment is often bizarre and cannot be imitated. It is caused by 
an organic lesion of the striatum, including cerebral palsy, a 
residual state of encephalitis or anoxic encephalopathy. In 
these conditions, athetosis is commonly seen in combination 
with dystonia. Indeed, there may not really be any important 
physiological difference between athetosis and dystonia.

6.   DYSTONIA

In many cases of dystonia, the affected part of the body 
shows abnormal posture of a writhing nature in the resting 
condition, and slow, writhing involuntary movements are 

superimposed on the abnormal posture upon voluntary 
movement. In many other cases, there is no dystonia at rest, 
but only action dystonia. For childhood- onset patients, 
dystonia is generalized and mainly involves the trunk and 
proximal extremities (generalized dystonia), but there is 
also focal dystonia, which is usually of adult onset. Focal 
dystonia includes blepharospasm, oromandibular dysto-
nia, cervical dystonia (spasmodic torticollis), spasmodic 
dysphonia, writer’s cramp, musician’s cramp, and so 
forth. Writer’s cramp and musician’s cramp of the hand are 
put together as focal hand dystonia.

At the early clinical stage of blepharospasm and cer-
vical dystonia, repetitive phasic movements like blinks 
and neck rotation, respectively, may predominate, resem-
bling tremor. In the advanced stage, the eyelids can not 
be opened and the neck might remain rotated. In writer’s 
cramp, tremor and myoclonus may superimpose onto the 
dystonia.

Writer’s cramp and musician’s cramp occur only when 
writing or only when playing a specific musical instrument, 
respectively, at least in the early clinical stage. This task 
specificity is characteristic of focal dystonia. For example, a 
patient with embouchure dystonia (lips) suffers from oral 
dystonia only when playing a certain kind of pipes but not 
when playing other kinds of pipes (Haslinger et al, 2010). 
Hand tremor occurring only when writing is called primary 
writing tremor, and this phenomenon might be caused by 
the same mechanism as focal dystonia.

The condition in which blepharospasm and oropharyn-
geal dystonia are combined is called cranial dystonia (for-
merly called Meige syndrome). In this condition, the bulbar 
muscles may show abnormal contraction while speaking or 
swallowing, causing spasmodic dysphonia and spasmodic 
dysphagia, respectively (see Chapter 14- 7). Abrupt inter-
ruption of hitting movement of golf club (yips) may be 
another example of task specific dystonia.

Functional Abnormality of the Sensorimotor Cortex 
in Focal Dystonia

Functional abnormality of the somatosensory cortex and 
the motor cortex, or abnormality of functional coupling 
between the two cortical areas has been proposed as the 
pathophysiology of focal dystonia. For example, in patients 
with musician’s cramp, fusion of finger areas in the primary 
somatosensory cortex has been demonstrated by an MEG 
study (Figure 18- 6). A  TMS study showed a decrease in 
the GABA- A mediated inhibitory functions in the primary 
motor cortex. A question as to whether these abnormalities 
of the sensorimotor cortex are a cause of focal dystonia or 
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a plastic change secondary to dystonia has not been com-
pletely solved (Box 52).

Fixed Dystonia

The condition in which an extremity is fixed in a dystonic 
posture is called fixed posture dystonia or fixed dysto-
nia (Figure 18- 7). Sometimes it is fixed so hard that it is 
impossible to passively return it to the normal position. It 
is common in young females, and it often follows trauma 
or complex regional pain syndrome (Schrag et  al, 2004). 
It is usually localized, but it may spread widely. Its most 
common cause is considered to be psychogenic (Hawley & 
Weiner, 2011, for review), but it may be an organic disorder 
modified by a psychogenic factor. In some cases of typical 
fixed dystonia, an excitability study of the motor cortex by 
TMS disclosed abnormal inhibitory function, which may 
suggest that those patients may have a predisposition to dys-
tonia (Avanzino et al, 2008).

Sensory Trick

A phenomenon called sensory trick is another characteris-
tic feature of focal dystonia (Ramos et al, 2014, for review). 
It is commonly seen in cervical dystonia. For example, as 

soon as the back of the patient’s head is touched by the 
examiner’s hand or by the patient’s own hand, or as soon 
as the patient stands against a wall to which the head is 
attached, the head returns to normal position. Sometimes, 
the head might return to normal position even before the 
actual touching if the patient can predict the touching. In 
patients with blepharospasm, rubbing the forehead may 
help opening the eyelids. The mechanism underlying the 
sensory trick has not been fully elucidated. In some cases, 
intended movement of adjacent muscles might be effective 
(motor trick). For example, a patient with blepharospasm 
might learn to move his/ her own mouth to help opening 
the eyelids.

Furthermore, some paradoxical phenomena might be 
seen in patients with generalized dystonia. Patients having 
great difficulty in walking forward because of generalized 
dystonia might be able to run forward or to walk backward 
or sideways more easily. This might be another manifesta-
tion of task specificity.

Causes of Generalized Dystonia

Generalized dystonia is seen in organic lesions of striatum 
such as cerebral palsy, Wilson disease, residual state of 
encephalitis, Creutzfeldt- Jakob disease, and hereditary or 

R L

D5

D1
D2-D4 D3-D5

D1 D2

Intact Affected

Figure 18- 6 Abnormal somatotopic organization in the primary somatosensory cortex in a patient with musician’s cramp, demonstrated by recording of 
the somatosensory evoked magnetic field following stimulation of each individual finger. Areas corresponding to the digit 1- 5 (D1- D5) are separate in 
the intact cortex but fused in the affected cortex. (Reproduced from Elbert et al, 1998, with permission)
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sporadic neurodegenerative diseases primarily affecting the 
basal ganglia. It is especially common in patients who are 
taking antipsychotic drugs for a long period of time (tar-
dive dystonia). It should be kept in mind that patients with 
focal dystonia might develop generalized dystonia during 
the clinical course, and it is especially so in subjects having a 
DYT1 gene mutation.

As Wilson disease is a treatable condition if the diagno-
sis is made early enough, its possibility should be considered 
whenever young subjects present with dystonia of undeter-
mined etiology or postural tremor (Figure 18- 8). Diagnosis 
can be made by finding a Kayser- Fleischer ring in the cor-
nea due to copper deposit and a decrease of the blood ceru-
loplasmin. Although extremely rare, patients with Wilson 

BOX 52 gENERATINg MECHANISM OF DYSTONIA

Generalized dystonia is considered to be caused by abnormal function of the sensorimotor cortex secondary to an organic lesion 

of basal ganglia. Deep brain stimulation of the internal segment of globus pallidus (GPi) is known to improve dystonia (Sako et al, 

2008). In focal dystonia, by contrast, functional abnormality of the sensorimotor cortex as a result of plastic change is considered 

to play a major role (Abbruzzese & Berardelli, 2011, Hallett, 2011, and Quartarone & Hallett, 2013, for review). For example, writer’s 

cramp is common among people who are engaged in writing, and musician’s cramp commonly affects musicians who play a special 

kind of musical instrument over a long period of time. Furthermore, in patients with musician’s cramp, fusion of finger areas in the 

primary somatosensory cortex has been demonstrated by an MEG study (Figure 18- 6), and a TMS study showed a decrease in the 

GABA- A- mediated inhibitory functions in the primary motor cortex (Hallett, 2011 for review). In relation to these clinical observations, 

Merzenich and his group trained monkeys to continue strain hand movements, and they observed motor deterioration in the hand 

and physiological abnormality in the sensorimotor cortex. These findings suggest development of plastic change in the sensorimotor 

cortex as a result of continuous strain exercise. Although a possibility of these changes being secondary to the long- standing dysto-

nia remains, it is more plausible to consider these plastic changes as a cause of dystonia.

Intramuscular injection of botulinum toxin is effective in many cases of focal dystonia (Hallett et al, 2013, for review). This effect 

is likely produced both by weakening the muscles directly related to dystonia and by changing the excitability of the sensorimotor 

cortex (Dresel et al, 2011).

Figure 18- 7 Fixed dystonia of the right leg following the posttraumatic complex regional pain syndrome. (Courtesy of Dr. Takahiro Mezaki)
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disease may have neither a Kayser- Fleischer ring nor a 
decreased ceruloplasmin level, in which case measurement 
of urinary copper or liver biopsy may be warranted.

Hereditary Dystonia

A number of hereditary disorders presenting with dystonia 
have been reported, and genetic abnormalities have been 
disclosed in many of them (Charlesworth et  al, 2013, for 

review). Torsion dystonia was first reported by Oppenheim 
in 1911 as dystonia musculorum deformans. This is inher-
ited in an autosomal dominant trait and is called DYT1 
with torsin gene mutation, but sporadic cases are not rare. 
The age of onset varies from childhood to young adults, and 
clinical forms are also variable. In some cases, the clinical 
symptoms may begin with focal dystonia and later spread 
to develop generalized dystonia. Muscles of the cranial 
nerve territory are rarely involved at first. Like the cases of 
hereditary myoclonus- dystonia syndrome (Box 53), DYT1 

Figure 18- 8 Abnormal posture of a patient with generalized dystonia due to Wilson disease. (Courtesy of the Department of Neurology, Kyushu 
University)
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is often associated with depression. DYT6 due to mutation 
of THAP1 is also common.

There are three types of hereditary dopamine- 
responsive dystonia: hereditary progressive dystonia with 
marked diurnal fluctuation (Segawa’s disease), auto-
somal recessive dopamine- responsive dystonia with 
Segawa syndrome, and sepiapterin reductase deficiency. 
Segawa’s disease is autosomal dominant due to mutation 
of GTP cyclohydrolase I gene, and it occurs in childhood 
(Figure 18- 9). It is characterized by marked improvement 
of the symptoms immediately after awakening from sleep. 
Sepiapterin reductase deficiency occurs in infancy or child-
hood with motor and language delays, axial hypotonia, dys-
tonia, weakness, oculogyric crises, and diurnal fluctuation 
of symptoms with sleep benefit (Friedman et al, 2012).

X- kinked recessive dystonia- parkinsonism 
(DYT3) seen in the Philippines is called lubag (meaning 

“twisted”). Clinically, the patients present with dystonia, 
but later during the clinical course parkinsonism pre-
dominates. Pathologically, Goto et  al. (2013) found a 
decrease in the number of neuropeptide Y- positive cells 
in the striatum. Pantothenate kinase- associated neu-
rodegeneration (PKAN) is known as a neurodegenera-
tion with brain iron accumulation (NBIA) and includes 
a condition previously named Hallervorden- Spatz syn-
drome (see Box 28). Beta- propeller protein associated 
neurodegeneration (BPAN) is another form of NBIA, 
which is characterized by learning disability and pro-
gressive gait abnormalities from childhood followed by 
progressive dystonia in adulthood (Paudel et  al, 2015). 
Machado- Joseph disease is a type of spinocerebellar 
degeneration (SCA3) with ataxin as the gene product, 
but in some cases dystonia may be a predominant clinical 
sign (see Chapter 16- 2C) (Box 53).

Figure 18- 9 Dystonic posture of the left leg in a patient with Segawa’s disease. (Courtesy of the Department of Neurology, Kyushu University)
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7.   DYSKINESIA

Dyskinesia is often used to encompass complex involuntary 
movements that do not fit into another category. Dyskinesia 
is characterized by relatively quick, irregular involuntary 
movements involving lips, tongue, extremities, and trunk, 
and is often caused by pharmaceutical drugs. Focal dyski-
nesia is commonly seen in the lips and tongue (orolingual 
dyskinesia or oral dyskinesia). Orolingual dyskinesia is 
also commonly induced by drugs (tardive dyskinesia), but 
it may also be due to multiple small infarctions in the stri-
atum. This type of dyskinesia is also common among aged 
subjects, and its etiology is often undetermined.

The condition in which a patient cannot keep sitting 
still is called akathisia. Akathisia is commonly induced by 
long- term administration of antipsychotic drugs or L- dopa. 
It is important to prevent this condition, because, once it 
develops, it may be resistant to drug control.

A common side effect seen in patients with Parkinson 
disease during L- dopa treatment is dyskinesia (see Box 41). 
Since this phenomenon is more common in relatively young 
patients with Parkinson disease, a dopamine agonist may be 
preferred for young patients instead of L- dopa. It is believed 
that L- dopa acts on both the D2 and D1 receptors, whereas 
the commonly used dopamine agonists act predominantly 
on the D2 receptor (Box 54).

8.   MYOCLONUS

Myoclonus is defined as shock- like involuntary move-
ments of face and extremities. It was first described in 
1881 by Friedreich, who reported a case with the term 
“Paramyoklonus multiplex” (Friedreich, 1881). Myoclonus 
is usually caused by abrupt, instantaneous contraction of 
muscles (positive myoclonus), but it can also be caused 
by transient interruption of ongoing muscle contraction 
(negative myoclonus). In fact, the two kinds of myoclo-
nus often occur in combination, namely an abrupt muscle 
contraction immediately followed by a silent period of 
muscle discharge, or vice versa. Negative myoclonus is also 
called asterixis. Asterixis was originally described for hand 
tremor seen in patients with hepatic encephalopathy, but 
nowadays this term is also used for nonrhythmic negative 
myoclonus.

Involuntary movements fulfilling the criteria of myoc-
lonus can also occur in physiological situations such as 
hiccup and nocturnal myoclonus. Nocturnal myoclonus 
is a shock- like movement seen unilaterally during the early 

BOX 54 HEREDITARY PAROXYSMAL DYSKINESIA

This is an autosomal dominant hereditary disorder character-

ized by paroxysmal attacks of dystonic, choreic, and ballistic 

movements, which was previously called paroxysmal kinesigen-

ic choreoathetosis. The age at onset is commonly in puberty, 

and it is more common in males than in females. It is often the 

case that the patient’s father might not have been aware of his 

own trouble until he sees the same problem in his son. Three 

forms are recognized in this category. One is a brief episode 

induced by sudden movement or intention to move (paroxysmal 

kinesigenic dyskinesia, PKD). The second form is paroxysmal 

nonkinesigenic dyskinesia (PNKD), in which the attacks are trig-

gered by coffee, alcohol, mental stress, and fatigue. The third 

form is paroxysmal exercise- induced dyskinesia (PED), which 

is induced by prolonged exercise. At least four genes have 

been identified including proline- rich transmembrane protein 2 

(PRRT2) which typically causes PKD, but there is no complete 

phenotype- genotype correlation (Wang et  al, 2011; Méneret 

et al, 2012; Erro et al, 2014; Huang et al, 2015). A function-

al MRI study disclosed increased activity in putamen during 

the intervals, suggesting a possibility of epileptic dysfunction 

(Zhou et al, 2010). A small dose of carbamazepine is effective 

except for the paroxysmal exercise- induced dyskinesia. These 

conditions may belong to the category of ion channel disorder, 

but this is not clear (see Chapter 25- 4A).

BOX 53 HEREDITARY MYOCLONUS- DYSTONIA SYNDROME

This is an autosomal dominant hereditary disease character-

ized by myoclonus and dystonia occurring in childhood or pu-

berty. It is not always progressive, and some cases might have 

a relatively benign clinical course.

Dystonia is generalized while myoclonus mainly involves the 

trunk and proximal extremities. In most cases, myoclonus and 

dystonia occur independently, but in some cases myoclonus 

and dystonia may appear in combination (myoclonic dystonia 

or dystonic myoclonus). Mutation of the epsilon- sarcoglycan 

gene has been found in many families with this condition (Nar-

docci et al, 2008). The symptoms may improve after ethanol 

intake. Patients with this disease may also have depression. 

Electrophysiological studies of many cases of this syndrome 

disclosed no evidence of cortical origin for myoclonus (Roze 

et al, 2008). This condition might have been included among 

the cases previously diagnosed as familial essential myoclo-

nus. Tyrosine hydroxylase deficiency is another cause of famil-

ial myoclonus- dystonia syndrome, but this is transmitted in an 

autosomal recessive fashion (Stamelou et al, 2012a).
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stage of sleep. It is distinguished from periodic limb move-
ment in sleep (PLMS) (see Chapter 24- 3E) in that noctur-
nal myoclonus is more shock- like and not periodic.

Myoclonus can be classified into three types depending 
on its estimated sites of origin: cortical, brainstem, and spi-
nal, but some myoclonia remain unclassified (Shibasaki & 
Hallett, 2005, and Shibasaki, 2007a, 2007b, for review). 
There might be myoclonus originating from the thala-
mus, basal ganglia, and cerebellum, but if any, those are 
estimated to be mediated by the sensorimotor cortex, and 
thus those might be classified into a category of cortical 
myoclonus.

A .   M Y O C L O N U S  O F   C O R T I C A L   O R I g I N

Cortical myoclonus in most cases is considered to be 
based on the abnormal increased excitability of the pri-
mary motor cortex (MI). Physiologically, myoclonus 
of the hand is preceded by a cortical spike generated in 
the hand area of the contralateral MI and is caused by 
abrupt contraction of the hand muscle via the fast con-
ducting corticospinal tract (Figure 18- 10) (Shibasaki & 
Hallett, 2005, and Shibasaki, 2012, for review). Thus, 
cortical myoclonus is commonly seen in the fingers, feet, 
and face, which are innervated by a large area of MI. If 
multiple sites of MI are activated, myoclonus involves the 

corresponding multiple sites, and as the cortical discharge 
spreads within MI, myoclonus may also spread to adjacent 
muscles rapidly.

Excitability of MI can be studied by TMS. By using a 
paired stimulus with the interstimulus interval of several 
milliseconds (ms), impairment of GABA- Aergic intracor-
tical inhibition has been demonstrated in cortical myoclo-
nus. A similar phenomenon is seen also in focal dystonia, 
but Hanajima et al. (2008) found a qualitatively different 
abnormality in the inhibitory system between the two 
conditions.

Cortical Reflex Myoclonus

In most cases of cortical myoclonus, the excitability of 
the primary somatosensory cortex (SI) is also abnormally 
enhanced, and the incoming stimulus from the periphery 
produces a giant evoked potential and a reflex myoclonus 
through a transcortical reflex mechanism (Shibasaki  & 
Hallett, 2005, for review). This is called cortical reflex 
myoclonus as against spontaneous cortical myoclonus, 
and both conditions are considered to be caused by involve-
ment of MI either spontaneously or by the reflex mechanism 
(Figure 18- 10). Most myoclonus epilepsies are considered 
to be caused by involvement of the whole strip of MI by this 
epileptogenic discharge. Thus, cortical myoclonus may be 

Giant SEP Spike

myoclonus

Stim.

C reflex

a b

Figure 18- 10 Schematic illustration showing generating mechanism of cortical reflex myoclonus (a) and spontaneous cortical myoclonus (b). Giant 
SEP: giant somatosensory evoked potential, Stim.: stimulus, C reflex: cortical reflex mediated by the transcortical reflex loop.

 

 

 



174 T H E  N E U R O L O g I C  E X A M I N A T I O N

called epileptic myoclonus. Reflex myoclonus may be also 
elicited by photic stimulus (photic cortical reflex myoclo-
nus) (Shibasaki & Neshige, 1987).

Causes of Cortical Myoclonus

Cortical myoclonus is seen in a variety of conditions 
(Table 18- 1), and there is no disease specificity. Its rep-
resentative condition is a group of diseases categorized 
into progressive myoclonus epilepsy, which includes 
a variety of hereditary neurodegenerative diseases and 
metabolic abnormalities (Table 18- 2). Recently, gene 
abnormalities have been identified in many of these dis-
eases (Table 18- 3) (Franceschetti et al, 2014, for review) 
(Boxes 55, 56 and 57).

Negative Myoclonus

Cortical myoclonus and cortical reflex myoclonus are 
usually positive, but negative myoclonus is also seen in 
some cases, either alone or in combination with positive 
myoclonus. Negative myoclonus of cortical origin is often 

generated by a transcortical reflex mechanism (cortical 
reflex negative myoclonus) (Shibasaki et al, 1994). It has 
to be kept in mind that negative myoclonus is often caused 
as a side effect of pharmaceutical drugs, especially anticon-
vulsants. Unilateral negative myoclonus is seen in patients 
with infarction in the contralateral thalamus (thalamic 
asterixis) (Tatu et al, 2000) (Boxes 58 and 59).

Postanoxic myoclonus (Lance- Adams syndrome) 
may also present with a mixture of positive and negative 
myoclonus, and is mostly considered to be of cortical ori-
gin (Lance & Adams, 1963; Shibasaki, 2010, for review). 
This condition is commonly encountered and is difficult to 
treat, but anticonvulsants, including levetiracetam, can be 
effective.

TABLE 18-  1  CAUSES OF CORTICAL MYOCLONUS

1. Progressive myoclonus epilepsy

2. Juvenile myoclonic epilepsy

3. Postanoxic myoclonus

4. Alzheimer disease

5. Creutzfeldt- Jakob disease (in advanced stage)

6. Metabolic encephalopathy (especially uremia)

7. Corticobasal degeneration

8. Olivo- ponto- cerebellar atrophy

9. Rett syndrome

TABLE 18-  2  CAUSES OF PROgRESSIVE MYOCLONUS EPILEPSY

1. Unverricht- Lundborg disease

2. Lafora disease

3. Neuronal ceroid lipofuscinosis

4. Mitochondrial encephalomyopathy*

5. Sialidosis

6. Dentato-rubro- pallido- luysian atrophy (DRPLA)

7. Benign adult familial myoclonus epilepsy (BAFME)

8. Angelman syndrome

* Myoclonus epilepsy associated with ragged- red fibers (MERRF, Fukuhara disease)

TABLE 18-  3  gENE ABNORMALITIES OF PROgRESSIVE MYOCLONUS 
EPILEPSY

Disease Inheritance Chromosome gene Protein

U- L AR 21q22.3 CSTB Cystatin B

Lafora AR 6q24 EPM2A Laforin

6q22 NHLRC1

MERRF Mat. mtDNA MTTK tRNALys

Sialidosis

Type 1 AR 6p21.3 NEU1 Sialidase 
1

Type 2 AR 20 NEU1 Sialidase 
1

DRPLA AD 12p13.31 DRPLA Atrophin 1

NCL (5 types) AR

U- L: Unverricht- Lundborg disease, MERFF: myoclonus epilepsy associated with ragged- red 

fibers, DRPLA: dentato-rubro-pallido-luysian atrophy, NCL: neuronal ceroid lipofuscinosis 

(Williams & Mole, 2012 for classification of NCL), AR: autosomal recessive, Mat.: maternal 

inheritance, AD: autosomal dominant. (Modified from Shahwan et al, 2005)

BOX 55 UNVERRICHT- LUNDBORg DISEASE

This is an autosomal recessive hereditary disease previous-

ly called ataxia cerebellaris myoclonica or Ramsay Hunt syn-

drome. It is characterized by progressive postural and action 

myoclonus, cerebellar ataxia, generalized convulsions, and 

mental deterioration starting between 6 and 14 years of age. 

Mutation of the CSTB gene (previously called EPM1) on chro-

mosome 21q22 was found (Hyppönen et  al, 2015). Some 

cases also show ocular motor apraxia, dystonia, and marked 

dementia (Chew et al, 2008).
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It is important to note that cortical myoclonus is not nec-
essarily due to an organic brain lesion. In uremic encephalop-
athy, for example, typical positive myoclonus and negative 
myoclonus of cortical origin are seen, and they may improve 
completely after the treatment with dialysis. There might be 
cases of uremia whose myoclonus is of brainstem origin.

B .   M Y O C L O N U S  O F   B R A I N S T E M   O R I g I N

Palatal tremor (previously called palatal myoclonus) 
(Box 60), reticular reflex myoclonus, startle disease, opso-
clonus, and intractable hiccup belong to this category.

Reticular reflex myoclonus was first described by 
Hallett et  al. (1977) in posthypoxic patients. In response 
to auditory or somatosensory stimulus, muscle contraction 
starts in the sternocleidomastoid and trapezius muscles and 
spreads rostrally to involve the facial muscles and caudally 
to involve extremity muscles (Figure 18- 11).

Startle disease is an excessive startle reaction elicited 
by unexpected, sudden stimulus, and is considered to be 
an abnormal enhancement of an ordinary startle reflex. 
In this case, the response begins in the orbicularis oculi 
muscles and spreads generally. Familial occurrence of this 
condition by autosomal dominant transmission is called 
hyperekplexia. In many of these families, mutation of 

BOX 56 BENIgN ADULT FAMILIAL MYOCLONUS EPILEPSY

This is an autosomal dominant hereditary disease character-

ized by progressive myoclonus epilepsy of late onset and rela-

tively benign clinical course. The initial family was reported by 

Inazuki et al. in Japan in 1990 as “familial essential myoclo-

nus and epilepsy” (FEME), and in 1991 Yasuda et al. reported 

a large family with the name “benign adult familial myoclonic 

epilepsy” (BAFME). In this condition, myoclonus of the hands 

is quite rhythmic and resembles tremor, so that it is often mis-

diagnosed as familial essential tremor. Physiologically, it fulfills 

the diagnostic criteria of cortical myoclonus, but generalized 

convulsion is rare, and mild if any. Ikeda et al. called this con-

dition “cortical tremor: a variant of cortical reflex myoclonus” 

in 1990, and Terada et al. called it “familial cortical myoclonic 

tremor as a unique form of cortical reflex myoclonus” in 1997. 

The same disorder is called “familial cortical myoclonic tremor 

with epilepsy” (FCMTE) in Europe.

Two autopsy cases of this hereditary disease reported 

from Netherlands showed loss of dendritic trees and ab-

normal arborization of Purkinje cells (van Rootselaar et al, 

2007). Gene abnormality was found on chromosome 

8q23.3- q24.11 in Japanese families, on 5p15.31- p15.1 in 

European families (Depienne et al, 2010), and on 3q26.32- 

q28 in a Thai family (Yeetong et al, 2013). A large family of 

similar clinical picture was reported from Canada, in which 

mutation of NOL3 gene on the chromosome 16q21- 22.1 

was identified (Russell et al, 2012). It is possible that these 

families may belong to hereditary ion channel disorders (see 

Chapter 25- 1A).

An autosomal recessive family with similar clinical picture 

has been reported, although the age of onset was much young-

er compared with the autosomal dominant form (Stogmann 

et al, 2013).

BOX 57 MITOCHONDRIAL ENCEPHALOMYOPATHY AND 

ABNORMALITY OF MITOCHONDRIAL FUNCTIONS

Mitochondrial encephalomyopathy is a group of disorders with 

functional abnormality of mitochondrial respiratory chain due to 

mutation of mitochondrial gene (mtDNA) or nuclear DNA (nDNA). 

It occurs in infants, children, or young adults, and clinically man-

ifests epileptic attacks, vascular lesions, progressive cerebel-

lar ataxia, neuropathy, and so on. In this category are included 

Kearns- Sayre syndrome or progressive ophthalmoplegia (see 

Chapter  9- 5B), myoclonus epilepsy associated with ragged- red 

fibers (MERRF, Fukuhara disease) (Table  18- 2),  mitochondrial 

encephalomyopathy, lactic acidosis and stroke-like episodes 

 (MELAS) (see Chapter 2- 5), “neuropathy, ataxia, retinitis pigmen-

tosa,” Leigh syndrome, Leber hereditary optic atrophy, and mi-

tochondrial neurogastrointestinal encephalomyopathy (MNGIE). 

Leigh syndrome, also known as infantile subacute necrotizing 

encephalomyelopathy, is characterized by neurodevelopmental 

regression and progressive dystonia with brainstem involvement, 

and is a genetically heterogeneous disorder (Lake et al, 2016). 

Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) 

is an autosomal recessive disease and presents with gastroin-

testinal symptoms, followed by ptosis, progressive external oph-

thalmoplegia, emaciation, polyneuropathy, and leukoencephalop-

athy (Garone et al, 2011, for review).

Recently, abnormal mitochondrial functions other than the re-

spiratory chain have drawn increasing attention. Those functions 

include the transport of mitochondrial protein, the dynamics of 

mitochondrial shift, division, fusion, and distribution, and pro-

grammed cell death. Namely, a question as to how mitochondria 

are related to pathogenesis of neurodegenerative diseases in 

the aged population such as Alzheimer disease, Parkinson dis-

ease, and amyotrophic lateral sclerosis is a hot topic (DiMauro, 

2013, for review).
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the gene coding the α1 or β subunit of inhibitory glycine 
receptor has been demonstrated (see Chapter  25- 1A and  
Table 25- 1) (Box 61).

Myoclonus of brainstem origin tends to be resistant to 
medical treatment. Opsoclonus (see Chapter  9- 5D) has 
been treated symptomatically with clonazepam and gab-
apentin with some effect. Opsoclonus caused by an auto-
immune pathogenesis including a paraneoplastic syndrome 
may be treated with plasmapheresis or intravenous admin-
istration of immunoglobulin (IVIg). For essential palatal 
tremor, the ear click can be symptomatic; no drug therapy 

BOX 58 UNILATERAL ASTERIXIS DUE TO THALAMIC LESION

Patients with a vascular lesion in the lateral thalamus may 

show asterixis in the contralateral hand. Many of those cases 

also show ataxia and loss of superficial as well as proprio-

ceptive sense in the contralateral extremities, suggesting the 

presence of a lesion in the motor thalamus (Vim nucleus) and 

the sensory relay nucleus (see Chapter 27- 1,2). Two cases of 

thalamic asterixis were reported in whom the β EEG rhythm 

was increased over the contralateral central region in associ-

ation with each asterixis, which might suggest an increased 

inhibitory mechanism of the corresponding motor cortex (Inoue 

et al, 2012b). These findings suggest that thalamic asterixis is 

mediated by the sensorimotor cortex, probably as a result of 

impairment of the input from the cerebellar dentate nucleus to 

the motor cortex.

BOX 59 TRANSIENT MYOCLONIC STATE WITH ASTERIXIS 

IN ELDERLY PATIENTS

Hashimoto et  al. (1992) reported seven aged patients who 

showed transient episodes of asterixis with the name of “tran-

sient myoclonic state with asterixis in elderly patients.” In 

this condition, both positive and negative myoclonus are seen 

mainly in the upper extremities and spontaneously disappear 

in a week or two, but it may recur. It responds well to clonaz-

epam. No metabolic abnormality or history of drug use was 

identified. A short burst of spike- and- wave complexes is seen 

on EEG over the central region in association with the asterixis, 

suggesting cortical origin. This condition is common in Japan, 

and so far there has been no report of similar conditions from 

other countries. Although there is no familial occurrence, it 

may be a kind of ion channel disorder just like benign adult 

familial myoclonus epilepsy (Box 56).

BOX 60 PALATAL TREMOR AND gUILLAIN- MOLLARET 

TRIANgLE

Palatal tremor is rhythmic vertical oscillation of the soft 

palate at frequency of about 3 Hz. It used to be called 

palatal myoclonus, but in a symposium of the first interna-

tional congress of Movement Disorder Society organized 

by one of the authors (MH) in Washington, DC, in 1990, 

another author (HS) presented a case of palatal myoclo-

nus due to brainstem lesion on video and suggested that 

the movement might fit the characteristics of tremor rather 

than myoclonus. At that time, Professor C. D. Marsden, as 

the chairman of the symposium, motioned for voting, and 

as a result the new term was approved by a majority of the 

audience. Palatal tremor is divided into symptomatic and 

essential groups. Symptomatic palatal tremor is caused by 

a lesion involving any part of the Guillain- Mollaret triangle, 

but most commonly by a lesion of the central tegmental 

tract in the pons, and then by a cerebellar lesion (Deuschl 

et al, 1994; Jang & Borruat, 2014). In this case, enlarge-

ment of the inferior olive is commonly observed on MRI, 

which is considered to be due to trans- synaptic degenera-

tion. This condition is sometimes associated with synchro-

nous vertical oscillation of eyes (ocular myoclonus) (see 

Chapter 9- 5D), and in some cases it is also associated with 

rhythmic involuntary movements at the same frequency in 

the neck and/ or upper extremities. Repetitive, rhythmic, 

slow (1- 4 Hz) movement mainly affecting cranial and limb 

muscles is sometimes called myorhythmia, and this condi-

tion is due to various etiologies including Whipple disease 

(Baizabal- Carvallo et al, 2015, for review).

The Guillain- Mollaret triangle is a circuit connecting the 

cerebellar dentate nucleus with the contralateral inferior ol-

ive via the superior cerebellar peduncle and the central teg-

mental tract and back to the dentate nucleus via the inferior 

cerebellar peduncle. It is known that parvocellular neurons 

of the red nucleus receive main afferents from the contra-

lateral dentate nucleus and send main efferents to the ipsi-

lateral inferior olive through the central tegmental tract (see 

Brodal, 2010). However, it is also believed that there is a 

direct pathway from the dentate nucleus to the contralat-

eral inferior olive, which passes by the red nucleus without 

forming synapses (Lapresle & Ben Hamida, 1970). In view 

of the occurrence of pseudohypertrophy of the inferior olive 

following not only a lesion of the central tegmental tract but 

also a lesion of the cerebellum, involvement of the direct 

dentato- olivary tract is more likely to play a primary role in 

generation of symptomatic palatal tremor.
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has been consistently effective, but injection of botulinum 
toxin may be useful (Box 60). Hiccup is a physiological 
myoclonus involving the diaphragm, but long- lasting, med-
ically intractable hiccup is certainly abnormal, and may be 
caused by a lesion of the medulla oblongata. Various drugs 
including gabapentin, baclofen, olanzapine, and midazolam 
have been tried for intractable hiccup with some effect.

C .   M Y O C L O N U S  O F   S P I N A L  C O R D   O R I g I N

There are two kinds of spinal myoclonus; spinal seg-
mental myoclonus and propriospinal myoclonus. Spinal 

segmental myoclonus is irregular or periodic positive 
myoclonus localized to the muscles innervated by one or 
two spinal segments, and it is stimulus- sensitive in some 
cases. Although its etiology is not always identifiable, some 
cases are thought to have myelitis. Prognosis is favorable 
with good response to clonazepam.

Propriospinal myoclonus manifests irregular shock- 
like movements of the trunk, mainly causing abrupt flex-
ion of the trunk. Physiologically, it is characterized by slow 
spread from a certain thoracic segment to rostral as well 
as caudal segments. It may be stimulus- sensitive and often 
requires differentiation from a psychogenic disorder, which 
now seems the most frequent etiology (Kang & Sohn, 
2006; Williams et  al, 2008; Esposito et  al, 2014; van der 
Salm et al, 2014).

D.   M Y O C L O N U S  O F   U N D E T E R M I N E D   O R I g I N

The source of myoclonus in some conditions has not been 
fully determined. This includes periodic myoclonus seen 
in Creutzfeldt- Jakob disease and subacute sclerosing pan-
encephalitis (SSPE), hereditary myoclonus- dystonia syn-
drome (Box 53), and drug- induced myoclonus.

Patients with essential palatal tremor often complain of 

hearing ear clicking due to periodic contraction of the tensor 

veli palatini muscle (Deuschl et  al, 1994). Recently, it has 

been reported that many cases of essential palatal tremor are 

likely psychogenic (Richardson et  al, 2006; Stamelou et  al, 

2012b). Local injection of botulinum toxin can be used for its 

treatment.
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Figure 18- 11 Surface EMG of reticular reflex myoclonus recorded from three muscles in a 60- year- old woman who showed spontaneous as well as reflex 
myoclonus in the face, neck, and upper extremities following an episode of anoxic encephalopathy. Arrows indicate the onset of each EMG discharge. 
(Reproduced from Inoue et al, 2012a, with permission)
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Creutzfeldt- Jakob Disease

Periodic myoclonus is seen in the initial stage of this disease. It 
repeats with an interval of about 1 second, although its inter-
val varies to a considerable degree within the same patient. 
The EMG discharge associated with the myoclonus also var-
ies in length, and the sites of involvement may also vary. It is 
commonly accompanied by periodic synchronous discharge 
(PSD) on EEG, but either periodic myoclonus or PSD may 
appear independently. The relationship between the myoclo-
nus and PSD also varies (Figure 18- 12). In this disease, there-
fore, there is no causative relationship between the cortical 
activity and the peripheral motor phenomenon (Box 62).

Subacute Sclerosing Panencephalitis

Subacute sclerosing panencephalitis (SSPE) is chronic 
encephalitis that occurs years after infection with the 
measles virus. Periodic involuntary movements seen in 
this condition repeat at an interval of 4 to 13 seconds, 
and the frequency is quite constant at each stage of dis-
ease. Each movement is much longer in duration than 
ordinary myoclonus, and thus it might be called periodic 
dystonic myoclonus. It is commonly seen in extremities, 
but it may also be seen in eyes. On EEG, characteristic 
PSDs are seen in this condition. Unlike Creutzfeldt- 
Jakob disease, PSDs in this condition are quite constant 
in waveform and duration, and are constantly associated 
with the involuntary movements, suggesting cortical 
participation in their generation (Figure 18- 13) (Oga 
et al, 2000).

9.   MOTOR STEREOTYPIES

Repetitive occurrence of the same movements may be called 
motor stereotypies. Movements commonly encountered in 
this condition range from simple movements like shaking 
arms, nodding, and swinging body to complex movements, 
and they may look purposive, but actually they have no pur-
pose or function (Edwards et  al, 2012, for review). They 
tend to occur in clusters, each cluster lasting several seconds 

BOX 61 STARTLE REFLEX IN PROgRESSIVE 

SUPRANUCLEAR PALSY

The reflex center of startle reflex is considered to be a reticu-

lar nucleus in the caudal pons. Since this nucleus is involved 

by neurodegeneration in progressive supranuclear palsy (PSP), 

loss of startle reflex has been reported in cases of PSP. In 

the clinical setting, however, loss of this reflex is often difficult 

to demonstrate. By giving unexpected electrical stimulus to 

the supraorbital nerve and by recording EMG from the cervical 

muscles (trigemino- cervical reflex), Bartolo et al. (2008) found 

loss of this reflex in many cases of PSP.
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Figure 18- 12 Polygraphic record of electroencephalogram (EEG) and electromyogram (EMG) in a patient with Creutzfeldt- Jakob disease. 
EOG: electrooculogram, Lt: left, FDI: first dorsal interosseous muscle, ECR: extensor carpi radialis muscle, FCU: flexor carpi ulnaris muscle;  
PSD: periodic synchronous discharge.
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to several minutes. The patient’s consciousness is usually 
preserved, but the movements do not appear to be inten-
tional, and distraction of the patient’s attention to other 
objects may decrease the movements. They are called motor 
stereotypies in order to distinguish from stereotypic beha-
vior encountered in psychiatric diseases.

Motor stereotypies are commonly observed in chil-
dren with Asperger syndrome and other automatisms, 
and mental retardation. In adults, this abnormal beha-
vior is seen in severe infectious encephalitis, autoimmune 
encephalitis like limbic encephalitis, cerebrovascular dis-
eases, and neurodegeneration, among others frontotem-
poral lobar degeneration (see Chapter 22- 2B) (Mateen & 
Josephs, 2009). It is postulated that motor stereotypies 
are seen when the circuit connecting the dorsolateral pre-
frontal cortex and the anterior striatum is interrupted.

Repetitive movements may be also seen in complex tics, 
obsessive- compulsive neurosis, and habits, but distinction 
of motor stereotypies from these conditions is not difficult 

from the history and other accompanying symptoms and 
signs. In motor stereotypies, reciprocal innervation of ago-
nist and antagonist muscles may be preserved because the 
movement appears quasi- purposive.

Rett Syndrome

This is a developmental disorder due to mutation of methyl- 
CpG binding protein 2 (MECP2) gene (Percy et al, 2010). 
It primarily affects female infants. Girls of this syndrome 
develop normally until 12 months of age and then manifest 
various neurologic symptoms including stereotypic move-
ments of both hands such as washing, squeezing, and clap-
ping. These stereotypic movements subside in several years, 
but the patients may show other involuntary movements 
such as tremor, chorea, myoclonus, and dystonia and also 
rigidity and ataxia. Dystonia may progress to cause scolio-
sis during the course of illness (Temudo et al, 2008).

10.   INVOLUNTARY MOVEMENTS THAT   
CAN BE SUPPRESSED MOMENTARILY

Some involuntary movements can be suppressed for a short 
period of time if the patient wishes to do so. Those are 
tics, psychogenic involuntary movements, and restless legs 
syndrome.

A .   T I C S

Tics are irregular brisk movements ranging from shock- 
like simple movements resembling myoclonus (simple 
tic) to complex movements (complex tic). Patients with 
tics tend to repeat certain movements like blinking, gri-
macing, shrugging of shoulder, and twisting of fingers, 
but in patients with Gilles de la Tourette syndrome, tics 
appear as various kinds of movements. They often pout, 
smack, and vocalize (vocal tic), and utter obscene words 
(coprolalia). They can stop the movements for several 
seconds if they try, but it is often followed by rebound. 
The patients often feel the urge to move before a bout of 
tics, and feel release after the bout. Many families suggest 
a possibility of autosomal dominant transmission, but 
the genes have been elusive (State, 2011, for review). Tic 
disorders are usually associated with comorbid symptoms 
such as attention- deficit hyperactivity and obsessive- 
compulsive disorder/ behavior, and multiple cerebral 
structures have been shown to be involved (Yael et  al, 
2015, for review).

BOX 62 PRION DISEASE

Prion disease is a group of diseases causing fatal neurodegen-

eration due to a deposit of prion protein. It was previously called 

subacute spongiform encephalopathy based on its pathologi-

cal feature. Its representative form is Creutzfeldt- Jakob disease 

(CJD). Most cases of CJD are sporadic, but 10– 15% of cases 

are transmitted by autosomal dominant inheritance with muta-

tion of the coding region of human prion protein gene (Roeber 

et al, 2008). Sporadic cases of CJD manifest cognitive decline, 

periodic myoclonus, and periodic synchronous discharges on 

EEG, and its clinical course is rapidly progressive. Another form 

of familial prion disease is Gerstmann- Sträussler- Scheinker 

syndrome, which initially presents with mild gait disturbance, 

abnormal sensation, loss of tendon reflexes in the lower ex-

tremities, and truncal ataxia. Fatal familial insomnia is also a 

familial prion disease, characterized by insomnia and MRI ab-

normality in the pulvinar (see Chapter 24- 3G). A variant form of 

spongiform encephalopathy (variant Creutzfeldt- Jakob disease) 

is known as mad cow disease. Clinically it starts with psychiat-

ric symptoms, and myoclonus is rare, if any, in this condition.

Cases of rapidly progressive dementia tend to be diagnosed 

as CJD, but other conditions including Alzheimer disease, vas-

cular dementia, autoimmune encephalitis, brain tumor like 

lymphoma, infectious disease, and metabolic encephalopathy 

could present with similar symptoms. Therefore, diagnosis of 

CJD has to be made with caution (Chitravas et al, 2011).
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Figure 18- 13 Polygraphic record of electroencephalogram (EEG) and electromyogram (EMG) in a patient with subacute sclerosing panencephalitis (SSPE). 
Rt. ECR: right extensor carpi radialis muscle. There is a fixed relationship between dystonic myoclonus and periodic synchronous discharge on EEG. 
(Reproduced from Oga et al, 2000, with permission)

B .   P S Y C H O g E N I C  I N V O L U N T A R Y  M O V E M E N T S

Psychogenic involuntary movements are not infre-
quently encountered. They may look like tremor, myoc-
lonus, or focal dystonia. Characteristics of psychogenic 
involuntary movements include the facts that it is dif-
ficult to explain as an ordinary involuntary movement 
(incongruous); it fluctuates in the pattern, degree, and 
distribution during the clinical course (inconsistent); 
it decreases or disappears when the patient’s attention 
is drawn to others (distraction); and there is a psycho-
genic background in the patient’s character or environ-
ment (Fahn, 2007, Lang & Voon, 2011, Czarnecki &  
Hallett, 2012, and Hallett et  al, 2012, for review). In 
case of unilaterally predominant tremor, if the patient is 
requested to repeat voluntary movements with the intact 
or less affected hand at a certain pace, the tremor fre-
quency might be replaced by the frequency of the volun-
tary movement (entrainment). In those cases in which 
it is difficult to confirm the psychogenic nature, it is use-
ful and important to follow up the clinical course with 
repeated observations.

In cases showing repetitive shock- like movements with 
some time intervals in between, it may be worthwhile to 
record EEG and EMG simultaneously and to back aver-
age the EEG with respect to the EMG correlates of the 

involuntary movements. If a Bereitschaftspotential (read-
iness potential) is demonstrated before those movements, 
it suggests involvement of the mechanisms responsible for 
normal voluntary movement (Shibasaki & Hallett, 2006, 
and Shibasaki, 2012, for review). However, it should be 
noted that, in conversion, the movement is involuntary; 
hence, there is no intention.

C .   R E S T L E S S  L E g S  S Y N D R O M E

In this condition, the patients complain of unpleasant sensa-
tion in the lower extremities and trunk, and they feel a strong 
urge to move the legs. It tends to occur while taking a rest at 
night, and the symptoms are transiently relieved by moving 
the legs. It is said to be seen in 3 to 10% of population. About 
60% of cases are said to be familial, and an increasing atten-
tion has been paid to this condition from a genetic point of 
view (Winkelmann et al, 2008; Ylikoski et al, 2015).

Many patients suffering from this phenomenon may 
also have periodic limb movement in sleep (Chapter  24- 
3E). Based on the fact that this phenomenon is suppressed 
by L- dopa or dopamine agonists, its possible relationship 
with Parkinson disease has been discussed, but the current 
consensus is that these two conditions are not related in 
pathogenesis (Fulda & Wetter, 2008).
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Restless legs syndrome was considered in relation with 
peripheral nerve lesions. According to the study by Hattan 
et  al. (2009) on a large number of patients with various 
neuropathies, it was shown that this phenomenon is seen 
more commonly in the group of hereditary neuropathies 
than in the control group, but not in the group of acquired 
neuropathies. Restless legs syndrome also occurs in asso-
ciation with various conditions including iron deficiency, 
pregnancy, uremia, and celiac disease.

11.   INVOLUNTARY MOVEMENTS 
OF PERIPHERAL NERVE ORIgIN

Fasciculation and myokymia are abnormal muscle con-
tractions due to an increase in the spontaneous excitabil-
ity of anterior horn cells (see Chapter  16- 3B). Repetitive 
muscle contraction seen in hemifacial spasm is myoclonus 
of peripheral nerve origin (see Chapter 11- 1A). In painful 
legs and moving toes syndrome, irregular and slow invol-
untary movements are seen in toes associated with pain in 
the legs. This condition is often associated with peripheral 
nerve lesions like sciatica. A similar condition seen in upper 
extremities is called painful hand and moving fingers 
syndrome.

Some patients with inflammatory or hereditary polyneu-
ropathies may show finger tremor, although its pathogene-
sis is not well known. Involuntary movements resembling 
athetosis might be seen in patients with proprioceptive loss 
if they keep the eyes closed, regardless of a lesion in the cen-
tral or peripheral nervous system. This is called pseudo-
athetosis (see Chapter 19- 2B). However, the above tremor 
associated with polyneuropathy is also seen while the eyes 
are kept open. A retrospective large case- control study by 
Ahlskog et  al. (2012) showed that tremor was more fre-
quently seen in patients with neuropathy associated with 
IgM- monocloncal gammopathy than those with neuropa-
thy of other causes. Disabling tremor has been also reported 
in patients with CIDP positive for neurofascin IgG4 anti-
bodies and poor response to IVIg (Querol et al, 2014).
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19.

SOMATOSENSORY FUNCTION

Sensation (sense) is defined as the primary reception 
of input from the external environment and that of 
change in the internal condition, whereas percep-

tion is defined as recognition of the above inputs. Sensation 
is divided into somatic sensation and visceral sensation. 
Somatic sensation is further divided into general somatic 
sensation, which receives sensory input from skin, skele-
tal muscles, and joints, and special somatic sensations such 
as visual, auditory, and equilibrium. Visceral sensation is 
divided into general visceral sensation, which receives sen-
sory input from visceral organs and smooth muscles, and spe-
cial visceral sensation like taste and olfactory sense. Among 
these sensations, general somatic sensation is described in 
this chapter as the somatosensory system. There are three 
kinds of sensation in the somatosensory system: superficial, 
deep/ proprioceptive, and cortical sensation. Each sense is 
further classified into several modalities (Table 19- 1).

1.   STRUCTURE AND FUNCTIONS OF THE 
SOMATOSENSORY SYSTEM

A .   S O M A T O S E N S O R Y  R E C E P T O R S

Different kinds of receptors are known for the somato-
sensory system. Receptors for superficial sensation are free 
nerve endings for pain as well as temperature sense, hair 
follicle endings, Krause corpuscles, Ruffini corpuscles, 
and free nerve endings for light touch, and Meissner cor-
puscles, Merkel disks, and Pacinian corpuscles for touch. 
Modality specificity of these receptors is not mutually 
exclusive, and it is determined by the lowest threshold of 
each receptor. In other words, all receptors can be acti-
vated to a certain degree if stimulated with sufficiently 
high intensity. The kind of stimulus that activates a recep-
tor with the lowest threshold is an adequate stimulus for 
that receptor. Receptors for deep/ proprioceptive sensa-
tion are muscle spindles, Golgi tendon organs, and joint 
receptors (see Chapter 17- 1).

Sensory receptors generate a local potential called 
receptor potential or generator potential in response 
to the stimulus. When the receptor potential exceeds a 
certain threshold, an action potential is generated in the 
nerve terminal attached to the receptors. The discharge 
rate of action potentials is proportional to the stimulus 
intensity. Physiologically, the sensory receptors are classi-
fied into two types depending on the mode of excitation; 
rapidly adapting and slowly adapting. Rapidly adapting 
receptors are phasic receptors, which rapidly diminish 
their receptor potentials in response to continuous stim-
ulus presentation, thus rapidly diminishing the discharge 
rate of action potentials generated in the afferent nerve 
fibers. Slowly adapting receptors are tonic receptors, 
which slowly diminish the receptor potentials and the 
nerve discharge.

B .   P E R I P H E R A L  S O M A T O S E N S O R Y   N E R V E S

Primary neurons of the somatosensory system for limbs 
and trunk are in the dorsal root ganglion. For the cranial 
nerve territory, the primary neurons are in the semilunar 
ganglion of the trigeminal nerve (see Figure  10- 1), the 
geniculate ganglion of the facial nerve (see Figure 11- 1),   
and the superior ganglion and petrous ganglion of the 
glossopharyngeal nerve (see Figure  14- 4). All these 
neurons are bipolar cells, and impulses are conducted 
through the peripheral axon and the central axon to 
enter the spinal cord or brainstem. As described in 
each relevant chapter, the extramedullary axons are 
surrounded by a myelin sheath of Schwann cell origin 
whereas the intramedullary axons are made by a myelin 
sheath of oligodendroglia (Figure 19- 1). Histologically, 
therefore, a peripheral somatosensory nerve belongs to 
the central nervous system once it enters the spinal cord 
or brainstem.

The peripheral nerves are classified into four groups 
based on their diameter, conduction velocity, and 
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function (Table 19- 2). The largest fibers are Aα fibers, to 
which Group I and Group II fibers belong. Proprioceptive 
fibers (Ia and Ib) and α motor fibers belong to Group 
I. Group II includes the sensory fibers for light touch and 

touch, fibers from the secondary sensory ending of muscle 
spindle, and γ motor fibers. Aδ (Group III) fibers and C 
(Group IV) fibers are related to the nociceptive sensation. 
Aδ fibers are myelinated, and C fibers are unmyelinated. 
The larger the fiber diameter, the higher is the conduction 
velocity.

C .   S O M A T O S E N S O R Y  PA T H W A Y  I N    
T H E  S P I N A L   C O R D

After entering the spinal cord through the dorsal root 
entry zone, the somatosensory fibers are separated into two 
groups (Figure 19- 2). Nociceptive small fibers send their 
branches up and down for 1 ~ 3 segments through the 
Lissauer tract to enter the dorsal horn gray matter, where 
they make synapses with the secondary neurons. Deep/ 
proprioceptive large fibers enter the dorsal column from 
the dorsal root entry zone, and ascend to the lower med-
ullary tegmentum, where they make synapses with the sec-
ondary neurons. Fibers related to the sensation of the lower 
limbs and lower trunk ascend through the medial part of 
the dorsal column (gracile fascicle, fasciculus gracilis, Goll 
column) and reach the gracile nucleus (nucleus gracilis) 
at the medulla. Fibers related to the sensation of the upper 
limbs and upper trunk ascend through the lateral part of 
the dorsal column (cuneate fascicle, fasciculus cuneatus, 

TABLE 19-  1  MODALITIES OF SOMATOSENSORY SYSTEM

1. Superficial sensation

Pain

Warm sense

Cold sense

Touch, tactile sense

2. Deep/ proprioceptive sensation

Vibratory sense

Joint position sense

Movement sense, kinesthesia

Deep pressure pain

3. Cortical sensation

Stereognosis

Graphesthesia

Two- point discrimination

Baroesthesia

Touch localization

Dorsal colum

Central nerve

Oligodendroglia
Axon

Myelin sheath

Peripheral nerve

Dorsal root ganglion cell
Schwann cell

Figure 19- 1 Schematic illustration of a peripheral somatosensory nerve fiber. The dorsal root ganglion cell is a bipolar cell, and its peripheral axon and 
the extramedullary part of the central axon have its myelin sheath made of Schwann cells, whereas the intramedullary part of the central axon has its 
myelin sheath made of oligodendroglia.
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Burdach column) and reach the cuneate nucleus (nucleus 
cuneatus) at the medulla (Figure 19- 2, see also Figure 5- 3).  
There is a laminar structure in the dorsal column with 
the fibers innervating the caudal part of the body located 
medially and those innervating the rostral part of the body 
located laterally (see Figure 16- 3).

D.   N O C I C E P T I V E  PA T H W A Y

The secondary neurons of the nociceptive pathway are in 
the substantia gelatinosa of the dorsal horn (layer II and 
III of Rexed), where they receive synaptic transmission 
from the central axon of the primary neurons. Substance P 
is considered to be the neurotransmitter for this synapse. 
Axons of the secondary neurons either make synaptic con-
tact with other neurons in the dorsal horn or cross through 
the anterior white commissure to the anterior part of the 
lateral column of the other side, where they ascend as the 
lateral spinothalamic tract. This tract ascends through 
the lateral part of the brainstem to reach the ventral pos-
terolateral nucleus (VPL) of the thalamus (Figure 19- 2). 
In the transverse section of the lateral spinothalamic tract, 
fibers are arranged in laminar layers, with the caudally orig-
inating fibers located laterally and the rostrally originating 
fibers located medially (see Figure 16- 3). Therefore, when 
the spinal cord is compressed from the lateral side, numb-
ness and nociceptive loss appear first in the distal part of 
the contralateral lower limb, and spread proximally as the 
compression increases. In an intramedullary lesion, by con-
trast, those sensory symptoms are limited to a certain seg-
ment of the body depending on which layers are damaged. 
If the most lateral layer of the spinothalamic tract is spared 

TABLE 19-  2  CLASSIFICATION OF PERIPHERAL NERVE FIBERS 
BASED ON THE DIAMETER

Nerve fibers Diameter   
(μm)

Conduction 
(m/ s)

Functions

Aα fiber

Group I 12 ~ 20 72 ~120 Proprioception (Ia, Ib),
α motor fibers

Group II 6 ~ 11 30 ~ 72 Light touch, touch,
secondary terminal of 
muscle spindle,  
γ motor fibers

Aδ fiber

Group III 1 ~ 5 4 ~ 30 Fast pain

C fiber

Group IV 0.3 ~ 1.5 0.4 ~ 2.0 Slow pain

[Deep/proprioceptive fiber tract][Nociceptive fiber tract]

Postcentral gyrus

VPL

Pons

Lateral spino-   
thalamic tract

Dorsal
 root ganglion

Posterior horn

Postcentral gyrus

VPL

Pons

Dorsal root ganglion

Cuneate nucleus

Medulla oblongata

Medial lemniscus

Cuneate fascicle

Cervical cord

Figure 19- 2 Schematic diagram of the somatosensory pathways comparing the nociceptive and deep/ proprioceptive tracts. VPL: ventral posterolateral 
nucleus of thalamus.
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by an intramedullary lesion, the perianal skin innervated by 
the sacral segments may remain unaffected. This phenom-
enon is called sacral sparing and suggests the presence of 
an intramedullary cord lesion. Thus, even in a brainstem 
lesion, if only a certain layer of the spinothalamic tract is 
involved, it might cause nociceptive loss restricted to the 
corresponding parts of the trunk or limbs. Even in this case, 
distinction from the dissociated segmental sensory loss due 
to a lesion of the spinal cord gray matter is possible from 
other accompanying symptoms and signs.

E .   P R O P R I O C E P T I V E  PA T H W A Y

The secondary neurons of the proprioceptive pathway are 
in the gracile nucleus and the cuneate nucleus located in the 
medullary tegmentum. Axons arising from those nuclei cross 
at the same level and ascend the ventral medial part of the 
brainstem tegmentum as the medial lemniscus to reach the 
VPL (Figure 19- 2, also see Figures 5- 2 and 5- 3). As the medial 
lemniscus is located near the midline of brainstem, it is not 
damaged by external compression of the brainstem. Thus, 
selective impairment of tactile or proprioceptive sense in the 
contralateral limbs in patients with posterior fossa lesion sug-
gests the presence of an intramedullary brainstem lesion.

F.   T H E  T H I R D  S E N S O R Y  N E U R O N  A N D  C O R T I C A L 
R E C E P T I V E   A R E A S

The third sensory neurons are in the VPM and VPL of the 
thalamus (see Chapter 10- 1), and their axons pass through 
the posterior limb of internal capsule and reach the pri-
mary somatosensory cortex (SI) in the postcentral gyrus 
as the thalamocortical fibers. In SI, like the primary motor 
cortex, there is somatotopic organization in the upside 

down homunculus (see Figure 10- 2). In the clinical setting, 
it is rare to encounter a localized lesion in the postcentral 
gyrus. Based on the experimental studies by using evoked 
potentials and evoked magnetic fields, it is postulated that 
S1 plays a role in the sensation itself and its localization and 
perception of intensity.

As for the functional localization in SI, the tactile input 
is mainly received in the posterior wall of the central sulcus 
(area 3b), the proprioceptive input in its trough (area 3a), 
and the nociceptive input in the crown of the postcentral 
gyrus (area 1) (Figure 19- 3). For somatosensory function, 
however, functional specificity of these cortical areas may 
not be very high.

Nerve fibers originating from SI project bilaterally to 
the secondary somatosensory cortex (SII) located in the 
superior bank of the sylvian fissure, and also to the ipsilat-
eral areas 5 and 7 located posterior to SI. SII is known to 
play a role in selective attention, and the areas 5 and 7 are 
thought to be involved in somatosensory perception and 
recognition.

Nociceptive cortical areas are unique because the 
nociception is closely related to the affect and emo-
tional reaction. The SI is primarily related to perception 
of the intensity and localization of pain, and the SII is 
engaged in distinction of the nature of pain. In addition, 
the amygdala, insula, and cingulate gyrus are related 
to the emotion- related nociceptive perception and the 
emotional reaction to pain (Shibasaki, 2004, for review) 
(Figure 19- 4). In a lesion of these limbic areas, the patient 
becomes indifferent to pain even if the pain can be per-
ceived (indifference to pain), or the patient becomes 
unable to express the pain in language or behavior (asym-
bolia for pain). This condition, however, has to be dis-
tinguished from congenital insensitivity to pain, which 
is due to an ion channel disorder of the peripheral nerve 
(see Chapter 25- 1B).

In relation to pain, itch is a complex sensory and emo-
tional experience, and its functional neuroimaging stud-
ies disclosed that multiple cortical areas similar to those 
related to pain perception are involved in its perception 
and emotional response (Mochizuki & Kakigi, 2015, for 
review).

2.   EXAMINATION OF SOMATOSENSORY 
FUNCTION AND ABNORMAL F INDINgS

As sensory examination of the face is described in the sec-
tion on the trigeminal nerve (Chapter  10- 2B), sensory 
examination of extremities is described here.

CENTRAL SULCUS
16

4 3b

3a

[Posterior]

Nociceptive Premotor 

Primary motor Tactile

Proprioceptive

 [Anterior]

Figure 19- 3 Functional localization around the central sulcus in relation 
to Brodmann area. This diagram shows the main function of each area 
because this functional localization is not highly specific.
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A .   E X A M I N A T I O N  O F   S O M A T O S E N S O R Y  F U N C T I O N

For the sensory examination of extremities, the pain and 
temperature sense, light touch, vibration sense, and joint 
position sense are usually examined. How much in detail 
the sensory examination should be performed differs 
depending on the results of history taking. If there is no sen-
sory symptom in the history of the present illness, it may be 
sufficient to screen some or all of the above modalities in 
the extremities.

Pain sense may be examined by sterile pins in order to 
avoid infection and injury. Breaking the thin wooden stick 
holding a cotton swab sometimes reveals a sharp wooden 
point that can also be used for testing pain. Temperature 
sense is tested by using flasks filled with hot or cold water. 
For testing cold sensation, often the side of a tuning fork is 
used; this is not actually cold, but feels cold due to rapid 
absorption of heat. Tactile sense can be tested in two ways, 
light touch and a little stronger touch. Light touch can be 
tested with tissue paper, and a little stronger touch may be 
tested by rubbing the skin with a soft material. Vibration 
sense is usually tested by placing a vibrating tuning fork 
over the bone. Vibration sense differs depending on which 
part of the body is tested and on the age of subjects. Joint 
position sense is tested by flexing or extending a finger or 
a toe while the subject keeps the eyes closed and is asked to 
tell the position of the finger or toe. It is important to grab 
a finger or toe from both sides instead of front and back 
in order to avoid the effect of pressure sense. In relation 

to joint position sense, joint movement sense (kinesthe-
sia) can be tested by asking a patient to report any move-
ment of the finger or toe regardless of the direction of 
movement. Occasionally there is dissociation between the 
results of joint position sense and kinesthesia. In sensory 
testing, it is always important to compare the left and right 
homologous areas.

Examination of Cortical Sensation

Examination of cortical sensation is important because its 
loss might be the only abnormality of the sensory func-
tions in some cases of a localized lesion in the postcentral 
area or in patients with corticobasal degeneration (see 
Box 79). In order to mask the visual information, all cor-
tical senses must be tested while the subject’s eyes are kept 
closed. Stereognosis is tested by asking a patient to touch 
an object with a hand and to tell its name or shape. If a 
patient is weak or clumsy and cannot manipulate the object 
themselves, then the examiner should move it across the 
hand. Graphesthesia is tested by asking a patient to read 
a letter or number scripted on the skin. Two- point dis-
crimination is tested by asking a patient to judge one or 
two by presenting a single stimulus or two stimuli simul-
taneously to the skin with various distances between the 
two. The distinguishable distance between the two stimuli 
is longer in the affected extremity than in the homologous 
part of the contralateral extremity. Baroesthesia is tested 

Contralateral

CINGULATE
Emotional reaction

Ipsilateral
SI

SII
Discrimination

INSULA
Emotion

THALAMUS

AMYGDALA
Emotion

Intensity
Location

Figure 19- 4 Nociceptive cortical areas and their functions. SI: primary somatosensory cortex, SII: secondary somatosensory cortex. (Based on 
Shibasaki, 2004)
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by asking a subject to judge the weight of an object placed 
in the supported hand. Touch localization is tested by ask-
ing a patient to report what part of the body was touched. 
Again it is important to compare each sense between the 
two homologous sites.

B .   S O M A T O S E N S O R Y  S Y M P T O M S /  S I g N S

If joint position sense or joint movement sense is lost, volun-
tary movement cannot be executed with appropriate sensory 
feedback, resulting in incoordination of movement. This 
condition is called sensory ataxia, and can be corrected by 
visual input. In this condition, if the patient holds the arms 
straight ahead and closes his eyes, the fingers may show an 
athetosis- like movement (pseudoathetosis). In the same 
principle, a patient with loss of joint senses in the lower 
limbs tends to fall if the eyes are closed in the standing posi-
tion. This is called a positive Romberg sign (Figure 19- 5). 
Likewise, the patient may have to hold on to a basin to keep 
balance when washing the face (basin phenomenon).

When a patient complains of sensory symptoms like 
pins and needles, it is better to describe what the patient 
is actually feeling instead of just saying “numbness.” 
Spontaneous abnormal sensation is called dysesthesia, 
and unusual sensation caused by stimulus is called par-
esthesia. Hypersensitivity to a painful stimulus is called 
hyperalgesia. Uncomfortable painful sensation elicited 
by a light stimulus such as exposure to a breeze is called 

hyperpathia. In this condition, the pain induced by a pin 
prick might spread much wider and last much longer than 
usually expected. Hyperpathia is characteristically seen 
in association with central pain such as thalamic pain, 
although it may also be seen in a peripheral nerve lesion. 
Decrease in the somesthetic sense is called hypesthesia, 
and loss of sensation is called anesthesia, and likewise 
hyp(o)algesia and analgesia for decrease and loss of pain 
sense, respectively.

Pain and Neuralgia

Pain is one of the most common symptoms in clinical med-
icine. Pain is often caused by a lesion of the nervous system, 
but it is also induced by algesic (algogenic) substance with-
out a direct lesion of the nervous system.

Instantaneous, radiating, shock- like pain along the 
pathway of a peripheral nerve is called neuralgia such 
as trigeminal neuralgia (see Chapter 10- 2B), glossopha-
ryngeal neuralgia (see Chapter  14- 2), intercostal neu-
ralgia, and postherpetic neuralgia (Box 63). Radiating 
pain seen in cervical spondylosis and lumbar disc herni-
ation is also a typical neuralgia (root pain). In cervical 
spondylosis, radiating pain is induced or aggravated by 
flexing the neck posterolaterally, because the mechanical 
compression of the nerve root by the narrowed interver-
tebral foramen is worsened by this maneuver (Spurling 
sign). When the fifth lumbar or the first sacral root is 

a b

Figure 19- 5 Romberg sign seen in a patient with congenital sensory neuropathy. (a) Eyes kept open, (b) eyes closed. As the proprioceptive sense is 
totally lost below the neck in this patient, Romberg sign is positive even in the sitting position. (See Shibasaki et al, 2004, with permission of the 
patient)
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involved by lumbar disc herniation, passive straight leg 
raising causes a radiating pain along the sciatic nerve 
(Lasègue sign).

In the mechanical entrapment of a peripheral nerve like 
carpal tunnel syndrome (Box 64) and tarsal tunnel syn-
drome, tapping of the entrapped site elicits radiating pain 
in the distal part of the nerve (Tinel sign). Pain, burning 
sensation, and numbness or sensory loss over the lateral 
aspect of thigh is called meralgia paresthetica. This is due 
to mechanical compression of the lateral femoral cutane-
ous nerve, and is commonly seen in obese, aged, or diabetic 
subjects (Parisi et al, 2011). This kind of neuropathy caused 
by mechanical compression is generally called entrapment 
neuropathy.

Radiating pain starting from the back and descending 
down along the posterior aspect of the legs induced by 
neck flexion is called the Lhermitte sign (see Chapter 15- 
1). This phenomenon is commonly seen in patients with 
demyelinating diseases such as multiple sclerosis, and is pos-
tulated to be due to nonsynaptic (ephaptic) transmission 
of impulses across the demyelinated nerve fibers within the 
dorsal column.

Painful dysesthesia symmetrically involving the distal 
limbs, especially the distal lower limbs, is a common symp-
tom in polyneuropathy, often due to diabetic polyneu-
ropathy or alcohol vitamin deficiency polyneuropathy. 
In these conditions, burning pain in the feet is commonly 
experienced at night. Sensory dominant polyneuropathy 
due to a deficiency of vitamins such as thiamine, cobala-
min, and folate is not uncommon (Koike et al, 2015). Pain 
was thought to be relatively uncommon in Guillain- Barré 
syndrome (see Chapter 16- 3C), but in fact it may not be 
so rare, and pain may be even the initial symptom of this 

condition (Ruts et al, 2010). Pain in this condition includes 
root pain, painful dysesthesia, and myalgia.

Following a vascular lesion in the thalamus or brain-
stem, an extremely uncomfortable pain might occur in the 
contralateral limbs. This condition is called thalamic pain 
and is often associated with hyperpathia. This is a cardinal 
symptom of Dejerine- Roussy syndrome (Box 65).

When the distal part of a limb is lost due to trauma or 
surgical procedure, the patient might feel as if the lost part 
still exists (phantom limb). If pain is felt in the lost part 
of the limb, it is called phantom limb pain. Its mechanism 
has not been clarified. Injection of botulinum toxin was 
reported to be effective for phantom limb pain (Kollewe 
et  al, 2009), but the reason for its efficacy is obscure 
(Box 66).

C .   I M PA I R M E N T  O F   T H E  S O M A T O S E N S O R Y 
N E R V O U S  S Y S T E M  A N D  D I S T R I B U T I O N  O F    
T H E  S E N S O R Y  S Y M P T O M S

Distribution of the somatosensory symptoms gives an import-
ant clue to the anatomical diagnosis. Abnormality of facial 
sensation is described in Chapter 10- 2B. Symmetric sensory 
impairment of distal lower limbs or distal four limbs (glove 
and stocking distribution) suggests the presence of a dif-
fuse involvement of the peripheral nerves (polyneuropathy) 

BOX 63 PAIN ASSOCIATED WITH HERPES ZOSTER

Neuralgia may appear after the skin rash of herpes zoster dis-

appears (postherpetic neuralgia). However, there are various 

kinds of pain also in the acute phase of the disease. In fact, 

the disease may start with lightning pain in the skin region cor-

responding to the distal axon of the affected nerve. Then pain-

ful dysesthesia might appear in the skin region innervated by 

the nerve. Furthermore, dull aching occurs in the region where 

the affected sensory ganglion is located, which is probably in-

flammatory in nature. Moreover, the skin rash itself is painful 

in the acute phase. Thus, there are at least four different kinds 

of pain in herpes zoster.

BOX 64 CARPAL TUNNEL SYNDROME

This is one of the most common entrapment neuropathies, 

and is due to a mechanical compression of the median nerve 

in the carpal tunnel at the wrist. Clinically it is characterized by 

atrophy of the thenar muscles and sensory impairment of the 

radial aspect of the palm. As the borderline of sensory inner-

vation by the median and ulnar nerves exists on the midline of 

the fourth finger, the sensory symptoms in this condition are 

typically seen on the palmar aspect of the first three fingers 

and only the radial half of the fourth finger (finger splitting). 

Tapping on the wrist causes a radiating pain toward the tips of 

the first to fourth fingers (Tinel sign). It is commonly seen in 

people who are engaged in the occupations or sports in which 

the wrist is frequently used. It also tends to occur in pregnant 

women and in association with obesity. Systemic diseases 

that are known to cause carpal tunnel syndrome include dia-

betes mellitus, myxedema due to hypothyroidism, acromegaly 

due to pituitary adenoma, amyloidosis, rheumatoid arthritis, 

and deposit of β2- microglobulin as a result of long- term he-

modialysis.



192 T H E  N E U R O L O g I C  E X A M I N A T I O N

(Figure 19- 6). Sensory symptoms usually start in the toes or in 
both the fingers and toes, and they tend to spread proximally. 
The sensory symptoms are usually more severe in the distal 
part of limbs. It may be associated with muscle weakness of 
the distal limbs, and tendon reflexes are usually lost (Box 67).

Polyneuropathy Primarily Presenting with Sensory 
Symptoms

Sensory predominant polyneuropathy is caused by a variety 
of etiologies. Among metabolic diseases, diabetes mellitus 
is the most common cause and the neuropathy is charac-
terized by severe burning dysesthesia. Toxins primarily 
involving the dorsal root ganglion include arsenic, organic 
mercury, cisplatin, and n- hexane (see Chapter  16- 3C). 
Malnutrition also causes sensory- dominant polyneuropa-
thy. Examples are vitamin deficiency polyneuropathy due 
to gastrointestinal diseases, chronic alcoholism, and niacin 
deficiency. Vitamin B1 (thiamine) deficiency causes beri-
beri, which is characterized by axonal sensory- dominant 

polyneuropathy with severe burning dysesthesia of feet and 
marked tenderness of calf muscles, associated with conges-
tive heart failure. Niacin deficiency causes pellagra, which is 
characterized by ruby erythema of tongue, diarrhea, derma-
titis, and dementia in addition to sensory polyneuropathy. 
Vitamin B12 deficiency may also cause polyneuropathy in 
addition to the subacute combined degeneration of spinal 
cord (see Chapter 16- 2C). Folate deficiency also causes sen-
sory dominant axonal polyneuropathy (Koike et al, 2015).

If the sensory symptoms are localized to a certain part 
of limbs or trunk, it is important to determine whether the 
affected region corresponds to the territory innervated by 
a single peripheral nerve, a dermatome innervated by a cer-
tain spinal segment, or a region innervated by the brachial 
plexus for the upper limb or the lumbosacral plexus for the 
lower limb. For this purpose, diagrams of the sensory nerve 
innervation (Figure 19- 7) and the plexus (see Figures 16- 28 
and 16- 29) are useful.

Segmental Sensory Impairment

Sensory impairment localized to a dermatome innervated by 
one or more segments of the spinal cord is caused by a lesion 
of the spinal cord or the corresponding nerve roots. If the 
pain and temperature senses are selectively impaired in that 

BOX 65 THALAMIC PAIN AND DEJERINE- ROUSSY SYNDROME

According to Henry et al. (2008), the first case of thalamic syn-

drome was reported by Dejerine and Egger in 1903. A 76- year- 

old woman suddenly developed left hemiparesis and pins and 

needles sensation over the left half of body. The hemiparesis 

improved in two weeks, but severe burning pain developed on 

the left half of body, especially in the temple, ear, nose, and 

tongue. Tactile sense was lost in the left face and left distal 

limbs and decreased in the left proximal limbs. The left face 

was sensitive to cold. Vibration stimuli given to the left limbs 

caused an unpleasant burning sensation. Joint position sense 

was lost in the left upper limb and decreased in the left lower 

limb. The patient could not tell texture of an object by touching 

it with the left hand. Tendon reflexes were hyperactive on the 

left. There was athetoid shaking in the left hand. Later Dejerine 

reported another case, and two similar cases were reported 

by Thomas and Chiray in 1904. The first case reported by De-

jerine died in 1905, and the autopsy disclosed a lesion in the 

posterior lateral part of the right thalamus.

Dejerine and Roussy in 1906 coined the term “le syndrome 

thalamique.” Thus, this syndrome is characterized by central 

pain, loss of deep/ proprioceptive sense, decrease of or hyper-

sensitivity to superficial sense, mild hemiparesis, ataxia, and 

choreoathetosis. Therefore, thalamic pain is a main symptom 

of Dejerine- Roussy syndrome.

BOX 66 FABRY DISEASE

Although this is an extremely rare disease, it is important to 

consider whenever severe pain of unknown etiology is present-

ed. It is an X- linked recessive hereditary disease with deficien-

cy of α- galactosidase A, which causes deposit of ceramide- 

trihexoside and ceramide- digalactoside in the vascular wall 

and the central as well as peripheral nervous system (Lenders 

et al, 2015; Löhle et al, 2015). It occurs in puberty, manifest-

ing lack of sweating, attacks of severe pain, renal failure, myo-

cardial damage, and angiokeratoma of the skin, especially on 

the scrotum (see Chapter 3- 1). It is also known as a cause of 

cerebrovascular disease in young subjects (see Chapter 2- 5). 

Although it occurs in males, mild symptoms due to a peripher-

al nerve lesion might occur also in females. In the peripheral 

nervous system, small myelinated fibers (Aδ) and unmyelinat-

ed fibers (C)  are affected (Table 19- 2). Pain attacks may be 

ameliorated by carbamazepine. Recently, enzyme replacement 

therapy by liver transplantation was shown to have some effect 

on the peripheral and autonomic nervous symptoms (Toyooka, 

2011, for review). In the future, gene therapy and application of 

iPS cells might be warranted.
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distribution, it is called segmental dissociated sensory loss. 
The responsible lesion for this condition is in the gray matter 
of the spinal cord, because a lesion of the dorsal root entry zone 
or roots is expected to impair the tactile and deep/ propriocep-
tive senses as well. A typical example manifesting segmental 
dissociated sensory loss is syringomyelia (Figure 19- 8).

When a cervical cord lesion is localized to the central 
region around the central canal as shown in Figure 19- 8, dis-
sociated sensory loss is seen in the dermatomes innervated 
by the corresponding segments bilaterally, but the tendon 
reflexes of biceps and triceps brachii muscles are preserved. 
This is because the reflex circuit passes through the lateral 
part of the spinal gray matter and thus is not damaged by 
the lesion. If the lesion extends a little more laterally, the 
corresponding tendon reflexes are lost. However, this prin-
ciple does not apply to the thoracic cord, because there is no 
testable tendon reflex in the thoracic segments.

Sensory Impairment in a Transverse Spinal Cord Lesion

In a transverse lesion of the spinal cord, somatic senses 
of all modalities are diminished below the affected seg-
ment, because both the spinothalamic tracts and dorsal 
columns are transected at that level (Figure 19- 9). In 

addition, as the gray matter is also damaged in the affected 
segment(s), pain and temperature senses are lost at the 
corresponding level in a sash- shaped distribution. In this 
condition, the patient may complain of a tight sensation 
around the trunk at the corresponding segments (girdle 
sensation). Based on the length of the analgesic area or of 
the girdle sensation, it is possible to estimate the length of 
the transverse lesion. As the corticospinal tracts are also 
damaged in this case, the trunk and limbs caudal to the 
affected segments are paralyzed. Furthermore, the auto-
nomic pathways are also impaired, resulting in sphincter 
disturbance and loss of sweating below the affected level 
(see Chapter 20- 3).

Brown- Séquard Syndrome

If either the left or right half of the spinal cord is damaged at 
a certain segment, motor paralysis is seen below the affected 
segment only on the affected side due to a lesion of the cor-
ticospinal tract, and vibratory sense and joint position sense 
are diminished below that level also on the affected side 
due to a lesion of the dorsal column. By contrast, pain and 

Figure 19- 6 Glove and stocking distribution of the sensory symptoms due 
to polyneuropathy.

BOX 67 IMPAIRMENT OF DORSAL ROOT gANgLION CELLS

Dorsal root ganglion cells are vulnerable to certain pharmaceuti-

cal drugs and toxins, especially anticancer drugs such as vin-

cristine and cisplatin, and acrylamide (toxic sensory ganglion-

opathy). In this case, degeneration first occurs in the distal end 

of axon and progresses proximally (dying- back neuropathy). 

Cisplatin selectively damages large sensory neurons while 

it does not affect motor neurons or the autonomic nervous 

system (Krarup- Hansen et al, 2007). The sensory symptoms 

usually start from the toes, because the longer axons are more 

vulnerable. In subacute myelo- optico- neuropathy (SMON) due 

to clioquinol intoxication, the dying- back neuropathy occurs not 

only in the peripheral axon but also in the central axon of the 

dorsal root ganglion cells (Igata, 2010, for review). Therefore, 

degeneration occurs in the distal end of the gracile fascicle 

(Goll column), because the gracile fascicle is longer than the 

cuneate fascicle (Burdach column) (see Box 39)  (Shibasaki 

et al, 1982). Dorsal root ganglion cells may be selectively af-

fected by autoimmune inflammation (Kusunoki et  al, 2008). 

Dorsal root ganglionopathy may be associated with Sjögren 

syndrome (Hongo et al, 2012). One of the authors (HS) report-

ed siblings who were considered to have congenital aplasia of 

large neurons in the dorsal root ganglion (Figure 19- 5) (Shiba-

saki et al, 2004).
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Figure 19- 7 Somatosensory innervation by the peripheral nerves and spinal dermatomes. (a) Frontal view, (b) back view. n.: nerve, C: cervical,  
T: thoracic, L: lumbar, S: sacral. (Modified from Mayo Clinic and Mayo Foundation, 1998)
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Figure 19- 8 Segmental dissociated sensory loss due to a lesion of the central gray matter at the fourth to seventh cervical (C) segment of the spinal cord.
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Figure 19- 10 Brown- Séquard syndrome due to a lesion of the left half of the tenth thoracic (Th) cord.
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temperature senses are diminished below the affected seg-
ment on the contralateral side, because the fibers forming 
the spinothalamic tract already crossed from the other side 
below the affected segment. This clinical picture is called 
Brown- Séquard syndrome (Figure 19- 10). In this case, 
since the gray matter is also damaged on the affected side, 
pain and temperature senses may be segmentally lost at the 
dermatomes on the affected side, again corresponding to 
the length of lesion (see “Segmental Dissociated Sensory 
Loss” described above).

In fact, it is quite rare to see a transection that is 
exactly limited to either half of the spinal cord. It is more 
common to see a bilateral lesion with considerable asym-
metry. In the clinical setting, a modified form of Brown- 
Séquard syndrome is commonly encountered in an 
extramedullary compression of the spinal cord, because 
lateral compression of the spinal cord from one side has 
a contrecoup effect on the other side of the cord. Namely, 
motor paralysis is present bilaterally but more severe on 
the compressed side, and likewise for the proprioceptive 
sensory impairment, but the nociceptive impairment is 
more severe on the contralateral side. In an extramedul-
lary compression, motor paralysis starts from the distal 
lower limb, because, in the corticospinal tract, the more 

caudally projecting fibers are located more laterally (see 
Figure  16- 3). Likewise, the nociceptive impairment on 
the contralateral side starts distally and ascends as the 
compression increases in its degree because of the laminar 
structure of the lateral spinothalamic tract (Figure 19- 11, 
see also Figure 16- 3).

In a Brown- Séquard syndrome due to an external cord 
compression, segmental sensory loss at the affected segment 
may not be just for the pain and temperature sense but also 
might include other modalities, because the dorsal root 
may be directly compressed.

When the spinal cord is compressed from anteriorly, the 
corticospinal tracts and the lateral spinothalamic tracts may 
be bilaterally affected (Figure 19- 11). This is considered to 
be due to the fact that the spinal cord is bilaterally fixed to 
the spinal canal with the denticulate ligament, so that ante-
rior compression causes mechanical distortion of the cord 
(see Chapter 16- 1B).

The sympathetic tract of the autonomic nervous 
system descends through the medial part of the lateral 
column close to the gray matter (see Chapter  20- 1). 
Therefore, if sphincter disturbance is present in a case 
of external cord compression, it suggests that the com-
pression is strong enough to affect the intramedullary 

Th7

Loss of pain & 
temperature sense

Figure 19- 11 An example distribution of nociceptive loss due to anterior compression of the spinal cord. Although the cord is compressed at the seventh 
thoracic (Th) segment in this case, the pain and temperature sense is lost below the eleventh thoracic segment due to laminar structure of the 
spinothalamic tract (see Figure 16- 3).
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structure. In fact, the presence or absence of sphincter 
disturbance provides an important clue, in addition to 
the degree of motor weakness, for judging the necessity 
of surgical decompression.

Hemianalgesia is commonly seen in psychogenic disor-
ders such as conversion reaction, which is described in the 
relevant chapter (see Chapter 26).
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20.

AUTONOMIC NERVOUS SYSTEM

F unctions of the autonomic nervous system are con-
trol of vital signs, visceral control, and adjustment to 
the external environment. The autonomic nervous 

system consists of sympathetic and parasympathetic ner-
vous systems, which are different from each other anatom-
ically as well as pharmacologically. Both systems contain 
afferent and efferent systems.

1.   STRUCTURE AND FUNCTION OF    
THE AUTONOMIC EFFERENT SYSTEM

The center of the autonomic nervous system is in the 
hypothalamus for both the sympathetic and parasympa-
thetic systems (see Chapter 28- 1).

A .   S Y M PA T H E T I C  N E R V O U S   S Y S T E M

The sympathetic tract arising from the hypothalamus 
descends through the brainstem tegmentum and the 
medial part of the lateral column of spinal cord, and enters 
the intermediolateral nucleus, which extends from the 
first thoracic (Th1) segment to the first lumbar (L1) seg-
ment (see Figures 8- 4, 14- 1 and 14- 5). It is important to 
note that the whole body including the head and face is 
innervated by the sympathetic nervous system through the 
intermediolateral nucleus. For example, the intermediolat-
eral nucleus at the Th1 segment projects its preganglionic 
fibers to the superior cervical ganglion, which innervates 
the pupils, and that nucleus is called the ciliospinal cen-
ter of Budge (see Figure 8- 4). For another example, the 
urinary bladder and genital organs are innervated by the 
intermediolateral nucleus at the Th12- L1 segment.

Thus, if the sympathetic tract is unilaterally damaged 
in the brainstem or cervical cord, sweating is lost and the 
skin temperature is elevated on the whole body (from 
head to feet) on the affected side. If the sympathetic tract 
is unilaterally damaged in the thoracic cord, the loss of 
sweating and the elevation of skin temperature are seen on 

the affected side below the affected segment. If the inter-
mediolateral nucleus is damaged at a certain level between 
the Th1 and L1 segments, the loss of sweating and the ele-
vation of skin temperature may be seen segmentally on the 
dermatomes corresponding to the affected segment.

Preganglionic fibers originating from the intermedi-
olateral nucleus join the ventral root at each segment and 
exit the spinal canal through the intervertebral foramen, 
and they make synaptic contact with the postganglionic 
neurons in the sympathetic ganglia [Figure 20- 1, see also 
Figure  16- 6]. Postganglionic fibers are unmyelinated 
fibers and innervate pupils, blood vessels, sweat glands, 
endocrine glands, and visceral organs.

In the sympathetic nervous system, the preganglionic 
fibers are much shorter than the postganglionic fibers, 
because the sympathetic ganglion is situated near the spi-
nal canal (Figure 20- 2). An exception to this principle is 
the preganglionic fibers for the pupils, which make synap-
tic contact with the postganglionic neurons in the supe-
rior cervical ganglion (see Figure 8- 4). By contrast, in the 
parasympathetic nervous system, the preganglionic fibers 
are much longer than the postganglionic fibers, because 
the parasympathetic ganglia are located near their target 
organs (Figure 20- 2).

The neurotransmitter of the preganglionic fibers is 
acetylcholine with nicotinic transmission for both the 
sympathetic and parasympathetic nervous system. The neu-
rotransmitter for the parasympathetic postganglionic fibers 
is acetylcholine with muscarinic transmission, and that for 
the sympathetic postganglionic fibers is noradrenaline. The 
only exception for the latter system is the postganglionic 
fibers for sweat glands, for which acetylcholine is the trans-
mitter with muscarinic transmission (Figure 20- 2).

B .   PA R A S Y M PA T H E T I C  N E R V O U S   S Y S T E M

The preganglionic neurons of the parasympathetic ner-
vous system are located in the brainstem and in the sec-
ond to fourth sacral segments of the spinal cord. In the 
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Figure 20- 1 Schematic diagram showing the efferent pathway (in red) and afferent pathway (in blue) of the spinal sympathetic nervous system. The 
preganglionic fibers (solid red line) pass through the white communicating ramus to enter the sympathetic ganglion. The postganglionic fibers for skin 
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Figure 20- 2 Schematic illustration of the sympathetic and parasympathetic ganglia with neurotransmitters. The preganglionic fiber shown in solid line is 
myelinated, and the postganglionic fiber shown in interrupted line is unmyelinated. The preganglionic fibers are much longer than the postganglionic 
fibers for the parasympathetic nervous system, and vice versa for the sympathetic nervous system.
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brainstem, the parasympathetic nuclei of four cranial nerves 
(III, VII, IX, and X) project their preganglionic fibers to 
their respective ganglia. The Edinger- Westphal nucleus of 
the oculomotor nerve controls pupils and accommodation 
(see Chapter 8). The lacrimal nucleus and the superior sal-
ivatory nucleus of the facial nerve control lacrimation and 
salivation of the sublingual and submandibular glands, 
respectively (see Chapter  11- 1D). The inferior salivatory 
nucleus of the glossopharyngeal nerve controls salivation 
of the parotid gland (see Chapter 14- 4). The dorsal motor 
nucleus of the vagus controls visceral organs such as heart, 
lung, and gastrointestinal organs (see Chapter 14- 5).

The parasympathetic nucleus of the sacral cord controls 
the urinary bladder and urinary tract, genital organs, and 
colon from the middle transverse colon to the rectum. As 
described in relation to the sympathetic nervous system 
(see above), the neurotransmitter for the parasympathetic 
preganglionic fibers is acetylcholine with nicotinic trans-
mission and that for the postganglionic fibers is acetylcho-
line with muscarinic transmission (Figure 20- 2).

When treating patients with myasthenia gravis with cho-
linesterase inhibitors, symptoms like miosis (small pupils), 
increased salivation, and upper respiratory secretion and 
abdominal pain may occur, because the drug enhances not only 
the cholinergic transmission at the neuromuscular junction 
but also the muscarinic transmission of the parasympathetic 
postganglionic fibers. In this case, sweating is also increased 
in spite of the fact the sweat gland is innervated by the sympa-
thetic nervous system. This is because the sweat gland is excep-
tionally controlled by cholinergic transmission instead of 
noradrenergic transmission (see above). Furthermore, when 
giving atropine sulfate to myasthenic patients for preventing 
the autonomic side effects of cholinesterase inhibitors, there is 
no need to worry about its untoward effect on the neuromus-
cular junction, because atropine inhibits only the muscarinic 
transmission and does not inhibit the nicotinic transmission 
of acetylcholine at the neuromuscular junction.

C .   D I S O R D E R S  O F   T H E  P E R I P H E R A L 
A U T O N O M I C   N E R V E S

Some peripheral neuropathies affect primarily the auto-
nomic nervous system. Familial amyloid polyneuropathy 
(Box 68) and systemic amyloidosis associated with multi-
ple myeloma are well known to cause severe impairment of 
autonomic functions.

Autonomic ganglia might be affected by an autoimmune 
pathology, and this condition acutely causes severe autonomic 
disturbance, which is often intractable to medical treatment.

D.   C O R T I C A L  C E N T E R  O F   T H E  A U T O N O M I C 
N E R V O U S   S Y S T E M

Although no particular cortical areas have been identi-
fied as an autonomic center, the limbic areas including 
amygdala, insula, and cingulate gyrus are connected to 
the hypothalamic autonomic center. For urination, the 
paracentral lobule at the posterior mesial aspect of the 
frontal lobe is believed to play an important part in its 
voluntary control. In relation to this, bilateral compres-
sion of the mesial frontal lobes by a falx meningioma is 
known to cause bladder disturbance in addition to spastic 
paraparesis, thus resembling the spinal cord compression. 
Urinary incontinence seen in patients with idiopathic 
normal- pressure hydrocephalus might be due to dys-
function of the descending fibers from the mesial fron-
tal cortex passing by the dilated lateral ventricles (see 
Box 71).

Patients with partial epilepsy may show cardiac arrhyth-
mia or transient cardiac arrest during the ictal episode. The 
mesial temporal lobe or insula is believed to be responsi-
ble for this paroxysmal phenomenon, but the dominant 
hemisphere for this autonomic function has not been 
determined.

BOX 68 FAMILIAL AMYLOID POLYNEUROPATHY

This is an autosomal dominant hereditary disease of high 

penetrance seen in Europe and the United States, and large 

families of this disease are known in Portugal and Japan. The 

symptoms commonly start in young adults, but cases of late 

onset have also been reported. In addition to sensory poly-

neuropathy starting from the feet and loss of tendon reflexes, 

severe autonomic symptoms such as alternating occurrence 

of diarrhea and constipation and orthostatic hypotension dom-

inate the clinical picture. As amyloid tends to deposit in small 

nerve fibers, pain and temperature senses are impaired first, 

and deep/ proprioceptive senses may be lost later. Mutation 

of transthyretin gene was found to cause this familial disease 

(Ando et al, 2005, for review). The clinical course may show 

rapid progression of polyneuropathy (Adams et al, 2015). Ya-

mashita et al. (2012) reported that liver transplantation pro-

longed the survival rate of this condition. Similar symptoms 

may be seen in systemic amyloidosis as a complication of 

multiple myeloma. In this condition, like the above familial dis-

ease, nociceptive loss and autonomic failure also dominate 

the clinical picture, because small nerve fibers are primarily 

affected.
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E .   N E U R A L  C O N T R O L  O F   U R I N A T I O N

Although urination (micturition) is a representative auto-
nomic function, it can be controlled by intention as well. 
Thus a complex neuronal circuit from the frontal cortex 
through the brainstem to the sacral cord is involved in its 
control (Benarroch, 2010, for review). Among the cortical 
areas, the mesial prefrontal area, anterior cingulate gyrus, 
insular cortex, and motor cortices are considered to be 
involved in this function. In the spinal cord, the pregangli-
onic neurons at the S2 to S4 segments, Onuf nucleus, and 
the intermediolateral nucleus at the Th12-L1 segments play 
major parts. Furthermore, the periaqueductal gray sub-
stance and the pontine micturition center are considered to 
play a role for connecting the cortex with the caudal spinal 
cord. Unilateral infarction in the lateral medulla or the dor-
sal lateral pontine tegmentum can cause urinary retention 
(Cho et al, 2015).

2.   STRUCTURE AND FUNCTION OF THE 
AUTONOMIC AFFERENT SYSTEM

There are two kinds of autonomic afferent systems: visceral 
pain and visceral sensation. The primary neuron for visceral 
pain is a bipolar cell located in the dorsal root ganglion. Its 
peripheral axon transports impulses from a visceral organ 
to a ganglion along the sympathetic postganglionic fibers 
through the gray communicating ramus (Figure 20- 1). The 
central axon enters the dorsal horn of the gray matter at 
the Th1 to L1 segments, from where the secondary neuron 
projects its axon centrally through the spinothalamic tract.

As the nociceptive impulse originating from the heart, 
for example, enters the dorsal horn at the Th2 segment, 
the pain is felt as if it came from the Th2 somatosensory 
dermatome as a referred pain, namely the left upper chest 
and the medial aspect of the left arm (Figure 20- 3). For 
another example, the pain due to the urinary stones is felt 
in the inguinal region and the anterior aspect of the proxi-
mal thigh, because the sympathetic afferent fibers from the 
urinary tract enter the spinal cord at the L1 dermatome.

Visceral sensation like fullness of abdomen and blad-
der distention is centrally transmitted through the para-
sympathetic nerve fibers. For example, fullness of upper 
abdomen is transmitted through the vagus nerve to the sol-
itary nucleus in the medulla, and the fibers from the solitary 
nucleus project to the thalamus and the brainstem reticular 
formation. Micturition desire is transmitted through the 
pelvic nerve to the S2 to S4 segments of the sacral cord, 
and then transmitted centrally through the lateral and 

posterior columns of the spinal cord. Micturition desire 
is considered to be partially transmitted also through the 
sympathetic nerve.

3.   EXAMINATION OF THE AUTONOMIC 
NERVOUS FUNCTION

Examination of pupils can test an important autonomic 
function in the cranial nerve territory, but as it is described 
in Chapter 8- 2, it is not repeated here.

A .   A U T O N O M I C  S Y M P T O M S  O F   S K I N

It is important to examine the color, temperature, and 
moisture of the skin. The skin temperature and moisture 
can be tested by palpating the skin by hand. In a unilateral 
lesion of the brainstem tegmentum like Horner syndrome, 
decreased sweating and elevated temperature of the skin are 
often seen ipsilaterally (see Chapter 8- 1). Elevation of the 
skin temperature in this case is due to dilation of capillaries 
and arterioles due to a lesion of the sympathetic tract, caus-
ing an increased blood flow. In testing the skin moisture 
for Horner syndrome, move the hand from the possible 
dry side to the moist side. Movement in the other direc-
tion is less sensitive, since fluid could be moved along with 
the hand to the dry side. It is also possible to compare the 
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Figure 20- 3 Dermatomes of referred pain originating from representative 
visceral organs.

 

 

 

 

 



20.  AUTONOMIC NERVOUS SYSTEM 203

homologous areas of the two sides with both hands of the 
examiner.

In complex regional pain syndrome (CRPS), previously 
called reflex sympathetic dystrophy or causalgia, the affected 
part of skin is pale with increased sweating and decreased 
temperature. The CRPS is subdivided into two types: CRPS 
I is intended to encompass reflex sympathetic dystrophy and 
similar disorders without a nerve injury, and CRPS II occurs 
after damage to a peripheral nerve (Borchers & Gershwin, 
2014, and Birklein et al, 2015, for review). In a transverse 
lesion of the spinal cord, sweating is decreased on the skin 
below the affected level. In a segmental lesion of the spinal 
cord, dermographia and abnormal pilomotor reflex might 
be seen at the corresponding dermatome. For all these tests, 
it is important to compare the homologous areas of the two 
sides, or in case of a spinal cord lesion, the skin regions above 
and below the affected segment should be compared.

B .   M I C T U R I T I O N  A N D  S E X U A L  F U N C T I O N S

Micturition/ defecation and sexual functions are some of 
the important autonomic functions. Careful history taking 
is most useful for checking these functions. Increased fre-
quency of urination (urinary frequency) and urge incon-
tinence are caused by a lesion of the central nervous system 
proximal to the sacral segment of the spinal cord. By con-
trast, a lesion of the sacral cord or cauda equina causes diffi-
culty of micturition or urinary retention. In a lesion of the 
sacral cord, the anal sphincter reflex is decreased or lost, and 
in male patients, the bulbocavernous reflex is also lost. The 
anal sphincter reflex is tested by stimulating the perianal 
skin with a sterile pin and observing or digitally palpating 
a reflex contraction of the anal sphincter muscle. For test-
ing the bulbocavernous reflex, glans penis is pinched and a 
reflex contraction of the anal sphincter muscle is confirmed 
by digital examination.

As the patient may not actively complain of sexual dys-
function, it is important in men to confirm the presence or 
absence of disturbance of penile erection (impotence) or dis-
turbance of ejaculation by the history taking as necessary. In a 
lesion of the spinal cord rostral to the sacral segment, excessive 
erection may spontaneously occur and continue (priapism). 
In relation to this phenomenon, touching the legs might cause 
reflex urinary incontinence or profuse sweating in the legs.

C .   g A S T R O I N T E S T I N A L  S Y M P T O M S

Diarrhea associated with continuous abdominal pain or 
continuous constipation of unknown etiology might be due 

to disorders of the autonomic nervous system. However, 
pure disturbance of defecation due to neurological disor-
ders without any disturbance of urination is extremely rare. 
Alternating occurrence of diarrhea and constipation is 
often seen in disorders of the autonomic nervous system. 
A triad of dysphagia, chest pain, and regurgitation is seen 
in achalasia. A combination of achalasia, alacrima (loss of 
tears), and adrenal failure is called triple A syndrome.

D.   O R T H O S T A T I C  H Y P O T E N S I O N

This is one of the most common symptoms suggestive of the 
presence of autonomic failure, and the history taking might 
give an important clue. Generally, the symptom is feeling 
faint or a sense of impending loss of consciousness. For test-
ing this function at the bedside, blood pressure can be meas-
ured first in the supine position and then in the upright 
position. After the patient takes the upright position, it is 
important to measure blood pressure, not just immediately 
after standing, but to keep measuring intermittently for at 
least about 3 minutes. If there is a drop of the systolic pres-
sure by more than 20 mmHg, it can be judged to be ortho-
static hypotension. It is important to measure the pulse 
rate simultaneously and to see whether or not the drop of 
blood pressure is compensated by an increase in the pulse 
rate. Since patients with movement disorders may require 
an excessive effort for standing up from the bed, it may have 
some effect on the blood pressure. Therefore, in order to 
determine the postural change of blood pressure precisely, 
it is ideal to use a tilt table.

For testing the physiological change of pulse rate 
with breathing, the patient may be asked to repeat taking 
deep breath slowly while the pulse rate is being measured. 
Quantitatively, the R- R interval may be calculated by 
electrocardiogram to quantitatively measure its variability. 
Complete loss of the variability in the R- R interval suggests 
the presence of autonomic failure.

Orthostatic hypotension is caused by various etiologies 
including neurodegenerative diseases such as pure auto-
nomic failure and multiple system atrophy (Shy- Drager 
syndrome) (Box 69), and autonomic failure due to a 
lesion of the spinal cord or the peripheral nervous system. 
Orthostatic hypotension is also seen in Parkinson disease at 
various frequencies (up to 40% depending on the statistics). 
In fact, a deficiency of transmitter uptake at the sympathetic 
nerve terminals of myocardium has been demonstrated by 
single photon emission computed tomography (SPECT) 
using 123metaiodobenzylguanidine (MIBG) as a tracer in 
patients with idiopathic Parkinson disease, although its 
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relationship with orthostatic hypotension is not clear. It 
is the current consensus that decreased uptake of MIBG 
in myocardium is relatively characteristic of Lewy body- 
associated disorders including Parkinson disease, Lewy 
body dementia, and pure autonomic failure, and it is rare 
in multiple system atrophy, progressive supranuclear palsy, 
Alzheimer disease, and frontotemporal dementia (King 
et al, 2011) (Box 69).

The Aschner eyeball pressure test and carotid sinus 
pressure test are tests for evaluating autonomic function by 
demonstrating reflex bradycardia in response to pressure of 
the eyeballs and carotid artery, respectively. However, these 
tests are not recommended especially for the patients with 
autonomic failure, because these maneuvers may induce 
cardiac arrest in them.
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BOX 69 DIAgNOSTIC CRITERIA OF MULTIPLE SYSTEM 

ATROPHY

A possibility of multiple system atrophy (MSA) is considered 

when a patient manifests autonomic disorders that are as-

sociated with parkinsonism or cerebellar ataxia, or both. Ac-

cording to the diagnostic criteria proposed by Gilman et  al. 

(2008), diagnosis of definite MSA requires demonstration of 

the α- synuclein positive inclusion body in the glia in addition 

to neuronal degeneration in the nigrostriatal system, olive, and 

cerebellum. Sporadic cases of adult onset with progressive 

autonomic failure including urinary incontinence or orthostat-

ic hypotension and dopa- resistant parkinsonism or cerebellar 

ataxia are diagnosed as probable MSA. Sporadic cases with 

progressive parkinsonism or cerebellar ataxia and at least one 

of the autonomic abnormalities are diagnosed as possible 

MSA. Cases of MSA with predominant parkinsonism are called 

MSA- P, and those with predominant cerebellar ataxia are called 

MSA- C. A recent neuropathological study of 134 patients with 

clinical diagnosis of MSA from the United States revealed that 

the clinical diagnosis was correct in 62% of the cases, and 

the most common misdiagnosis was dementia with Lewy bod-

ies, followed by progressive supranuclear palsy and Parkinson 

disease (Koga et al, 2015). Oligodendroglia is considered to 

play a primary role in the pathogenesis of MSA (Wenning et al, 

2008; Jellinger, 2014, for review). Some cases of MSA are 

familial, and recently a genetic susceptibility to MSA has been 

identified (The Multiple- System Atrophy Research Collabora-

tion, 2013; Heckman et al, 2014).
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21.

POSTURE AND gAIT

1.   CENTRAL CONTROL MECHANISM OF gAIT

In human walking, intention or attention takes part to 
various degrees, from fully attended walking to nearly 
automatic walking. Multiple structures of the central 
nervous system are known to be involved in the central 
control of walking (Figure 21- 1) (Shibasaki et  al, 2004, 
and Nutt et al, 2011, for review). In addition to the sen-
sorimotor areas directly related to leg movement such as 
the pre- SMA, SMA proper, anterior cingulate gyrus, lat-
eral premotor areas, and the foot areas of the primary sen-
sorimotor cortices, the cortical areas related to the visual 
information processing such as the occipital cortex and the 
posterior parietal area are also important. Furthermore, 
the brainstem gait center, cerebellum, and basal ganglia 
also play an important part. In animals, the locomotion 

center located in the dorsal part of the rostral brainstem 
plays an important role. The greater the intention and 
attention paid to the walking, the more widespread is the 
cortical activation.

2.   EXAMINATION OF gAIT

Careful observation of walking provides important infor-
mation in the clinical setting. Abnormal gait is classified 
into several typical patterns.

A .   S PA S T I C   g A I T

Spastic gait is characterized by a stiff shuffling gait. The 
patient walks slowly, dragging both legs, without lifting 

Post. parietal area

Occipital

CerebellumDorsal brainstem

Ant. cingulate gyrus

SMA

Lateral premotor area
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MI

Figure 21- 1 Schematic diagram showing the human brain areas activated during intended walking. (Based on Shibasaki et al, 2004)
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the feet completely off the ground. When it is severe, the 
knees tend to cross with each step because of increased 
tightness of the hip adductors (scissor gait). The patient 
often complains of bouncing and trembling especially when 
going downstairs. This is considered to be due to patellar 
and ankle clonus, which is evoked by stretching the leg mus-
cles when stepping downstairs (see Chapter 16- 3D). Spastic 
gait is seen in patients with spasticity of leg muscles due to a 
lesion of the pyramidal tract or upper motor neurons.

B .  PA R K I N S O N I A N  g A I T

Parkinsonian gait is characterized by delayed initiation, 
slow walking with small steps, loss of arm swing, and ten-
dency to accelerate involuntarily (festinating gait, pro-
pulsion). It is not rare to festinate backward and fall 

(retropulsion). In relation to the stooped posture, some 
patients might show markedly flexed posture while stand-
ing or walking, but the posture improves when lying down. 
This condition is called camptocormia or bent spine syn-
drome (see Chapter 15- 2).

Freezing of Gait

Patients with Parkinson disease may suddenly become unable 
to move, particularly upon gait initiation or turning (freez-
ing phenomenon) (Nutt et al, 2011, for review). The freez-
ing phenomenon might improve by some types of visual 
input. For example, the patient can walk much better if trans-
verse lines are drawn on the floor at short intervals so that 
the patient could walk across the lines. This phenomenon is 
called kinésie paradoxale (paradoxical kinesia) (Box 70).

Paradoxical kinesia is also seen in patients with pure 
akinesia, of which progressive supranuclear palsy (PSP) 
is believed to be the most likely cause (Park et al, 2009). 
As for the causes of frequent falls in patients with PSP, 
abnormalities of vestibulospinal function (which can be 
tested with vestibulo- ocular reflexes or vestibular- evoked 
myogenic potentials) have been reported (Liao et  al, 
2008) (Box 71).

It is noteworthy that Parkinson patients have greater dif-
ficulty in controlling the posture in the anteroposterior direc-
tion as seen in festinating gait, propulsion, and retropulsion, 
while patients with cerebellar ataxia have loss of equilibrium 
in all directions, especially in the lateral direction. Falls are 
not uncommon in patients with Parkinson disease, and this 
might be primarily related to impairment of the pedunculo-
pontine nucleus (Bohnen et al, 2009) (see Box 27).

In order to examine postural stability, the pull test is 
performed while the patient stands with his feet side by side 
and the examiner stands behind the patient with one foot 
slightly behind the other. The patient should be given an 
explanation in advance that the examiner is going to pull 
the patient abruptly backward by his shoulders and that he 
is allowed to step backward in order to maintain balance. 
However, since there is a risk of falls during this test espe-
cially in patients with movement disorders, this test should 
be done with great caution.

C .   A T A X I C   g A I T

Unsteady, staggering gait due to loss of equilibrium is called 
ataxic gait. Patients with ataxia usually stand or walk with a 
wide base (wide- based gait). In patients with mild ataxia, 
ordinary walking might appear normal, but tandem gait 

BOX 70 HOW DOES PARADOXICAL KINESIA OCCUR?

Patients who are unable to walk on the flat floor because of 

frozen gait may be able to climb upstairs. This phenomenon 

called paradoxical kinesia (kinésie paradoxale) may be also 

seen when the patient walks across the transverse lines drawn 

on the floor at short intervals, suggesting that the visual input 

of transverse lines in front of the body plays a primary role in 

improving the initiation of gait. A similar phenomenon is also 

seen in the upper limbs. A patient who has great difficulty in 

moving the arm in response to verbal instruction might be able 

to promptly catch a ball thrown toward him/ her. There was a 

hypothesis that the cerebellum might take over the role of the 

basal ganglia immediately in response to visual input, but it 

has not been proved. Hanakawa et al. (1999a, 1999b) used a 

blood flow activation study with SPECT while patients with Par-

kinson disease walked on a treadmill, comparing transverse 

lines and parallel lines, and demonstrated a greater activation 

in the right lateral premotor area in association with transverse 

lines compared with parallel lines. This result was interpreted 

by postulating that, in Parkinson patients, self- initiated gait is 

impaired because of a deficient excitatory input to the SMA, 

but the lateral premotor area, which is relatively preserved in 

Parkinson disease and which is known to receive abundant 

visual input, might be activated by transverse lines (Shibasaki 

et  al, 2004, for review). However, a question as to why only 

transverse lines, but not parallel lines, are effective remains 

to be solved. In general, paradoxical kinesia occurs because 

external triggering of movement is more effective than internal 

triggering in Parkinson patients.
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BOX 71 IDIOPATHIC NORMAL- PRESSURE HYDROCEPHALUS

Progressive gait disturbance associated with urinary inconti-

nence and cognitive impairment in the elderly patients may be 

due to idiopathic normal- pressure hydrocephalus (INPH), which 

is a treatable condition. This condition was first reported by 

Adams et  al. in 1965. As a ventricular shunt is effective in 

some cases of this condition, how to determine its indication 

has been a practical problem (Torsnes et al, 2014, for review; 

Halperin et al, 2015). Having all three symptoms makes the di-

agnosis more likely. McGirt et al. (2008) investigated the effect 

of shunting in 132 cases who had at least two of the above 

three symptoms, dilated ventricles on imaging study, and β 

waves (slow rhythmic oscillation) of the cerebrospinal fluid. 

Other causes of secondary hydrocephalus such as subarach-

noid hemorrhage, head trauma, and meningitis were excluded 

in those cases. After the mean follow- up period of a year and 

half, 75% of all patients showed improvement. It was found es-

pecially effective in patients in the relatively short period after 

clinical onset and in those predominantly presenting the gait 

disturbance. Among the triad, improvement was found to be 

most prominent in gait disturbance. It is important to keep this 

condition in mind whenever elderly subjects suffer from gait 

disturbance and falls of unknown etiology (Jaraj et al, 2014).

will disclose truncal ataxia. It is important to instruct the 
subject to put the heel of one foot just in front of the toes 
of the other foot. When testing the tandem gait, it may be 
anticipated that walking slowly might be easier than walk-
ing fast, but the fact is on the contrary. In ataxic gait due 
to an organic lesion, tandem gait can be executed easier 
with faster speed than with slower speed just as it is so for 
healthy subjects to walk on a balance beam. Some patients 
with psychogenic gait disturbance of ataxic nature tend to 
execute the tandem gait poorly with fast speed and much 
better with slower speed.

Ataxic gait is due to a lesion of the cerebellum, ves-
tibular system, or proprioceptive system. When a patient 
complains of vertigo, the ataxic gait is often vestibular in 
nature. Presence of tinnitus, hearing loss, postural nystag-
mus, or rotatory nystagmus suggests vestibular ataxia (see 
Chapter  13- 2). Patients with ataxic gait of cerebellar ori-
gin also tend to have abnormalities in ocular movements, 
dysarthria, and limb ataxia. Occasionally, a localized 
lesion confined to the cerebellum may cause vertigo due to 
involvement of the vestibular input to the cerebellum (see 
Chapter  13- 1). Sensory ataxia is caused by interruption 
of proprioceptive input by a lesion of the dorsal column or 

the peripheral nervous system (see Chapter 19- 2B). As the 
effect of proprioceptive deficit may be compensated visu-
ally, interruption of visual input by closing eyes provokes or 
worsens the truncal ataxia (Romberg sign and basin phe-
nomenon) (see Figure 19- 5).

D.   W A D D L I N g  g A I T  A N D  S T E P PA g E   g A I T

Muscle weakness in the pelvic girdle causes excessive pel-
vic swing on walking (waddling gait). This phenomenon 
is typically seen in myopathy, especially in the limb- girdle 
muscular dystrophy, but it may be also seen in neuro-
genic muscle atrophy of proximal muscles like Kugelberg- 
Welander disease (see Chapter 16- 3B).

Weakness of foot extensor muscles, especially that of 
the anterior tibial muscle, causes difficulty in lifting toes 
(foot- drop) and lifting legs high in order to avoid trip-
ping during walking (steppage gait). A typical example of 
steppage gait is seen in Charcot- Marie- Tooth disease (see 
Chapter 16- 3C).

Falls/ falling is a big social problem in the aging soci-
ety. When taking the medical history of patients with 

BOX 72 INTERMITTENT CLAUDICATION

In this condition, the patient develops pain and numbness in 

the lower extremities after walking some distance, which dis-

appears by taking rest.

Intermittent claudication is not uncommon in elderly sub-

jects. There are two kinds of causes for this condition: obstruc-

tive disorders of the peripheral arteries like Buerger disease 

and neurological disorders related to the spinal cord or cauda 

equina. In the former condition, the skin of the affected limb 

appears pale with cold surface temperature, and pulsation 

of the dorsal artery of foot is deficient. Neurogenic or spinal   

intermittent claudication is commonly due to the spinal canal 

stenosis or arteriovenous malformation. As the symptoms 

may appear only when walking, it is important to examine the 

patient when the symptoms appear after walking. Segmental 

loss of superficial sensation, muscle weakness, or loss of ten-

don reflexes might be observed during the episode. Neurologic 

deficit during this episode might be due to direct mechanical 

compression of the lumbosacral cord or cauda equina on one 

hand, but on the other hand it may be due to the regional isch-

emia due to stealing of arterial perfusion from the narrowed 

artery to the skeletal muscles during walking (steal phenome-

non). Whichever the cause, treatment of the underlying condi-

tion is important.
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gait disturbance, it is important to confirm any episode of 
falling within the past year and the presence or absence of 
any disorders which might cause falling (Thurman et  al, 
2008) (Box 72).
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22.

MENTAL AND COgNITIVE FUNCTIONS

I f a patient has any mental disorders or cognitive dis-
turbances, those symptoms are often noticed while tak-
ing the history. Therefore, when evaluating the mental 

and cognitive functions in detail, it may be efficient to do 
so after completing the physical examination, instead of 
spending a long time for the interview at the beginning 
of the examination. On the other hand, a number of cli-
nicians do prefer to do the cognitive testing first. In fact, 
abnormalities of higher cortical functions, if any, are often 
detected while carrying out the physical examination, 
because verbal communication is necessary for physical 
examination.

There are various ways of quantitatively evaluating the 
mental state (Daffner et al, 2015). The Mini- Mental State 
Examination (MMSE) proposed by Folstein et al. (1975) 
is shown in Table 22- 1 as an example. Another popular test is 
the Montreal Cognitive Assessment (MoCA) (Table 22- 2)   
(Chiti & Pantoni, 2014, for review). The MoCA includes 
executive functions testing. What is most essential for the 
mental state examination is to obtain concrete informa-
tion about daily life from the patient’s family or to directly 
observe the patient’s behavior in the clinic. The direct 
observation of actual behaviors often provides far more 
important information than examining the patient in the 
outpatient clinic.

Examination of the mental state and cognitive 
functions is only possible with conscious patients. 
Furthermore, it is important to confirm hearing abil-
ity, language comprehension, and spontaneous speech 
before starting the mental evaluation, because all the 
related tests are performed by using spoken or written 
language. When a patient has any difficulty in com-
prehending spoken language, he/ she may still be able 
to communicate by using the written language. If the 
patient has difficulty in both spoken and written lan-
guages, then the test has to be done by gesture or with 
the aid of pictures.

1.   EXAMINATION OF MENTAL/ COgNIT IVE 
FUNCTIONS

Cognitive testing is performed for the following items. The 
order of examination of these items can be freely chosen 
depending on the patient’s condition and circumstances.

Orientation to time, place, and person

Memory; retention span, recent memory, old mem-
ory, and presence or absence of confabulation

Calculation

Common knowledge and judgment

Emotion and character

Presence or absence of illusion, hallucination, and 
delusion

State of daily living

A .   O R I E N T A T I O N

This is to test how much a patient is aware of the situa-
tion in which he/ she is placed in terms of time, place, and 
person. If the patient is suddenly asked what day it is, he/ 
she may be unable to answer promptly because he/ she is 
upset by the unexpected question. In that case, it is useful 
to make the patient relaxed before repeating the question. 
The presence of disorientation is often noticed while tak-
ing the history. In most patients with mental impairment, 
orientation is more impaired to time than to space.

Sometimes it may be difficult to distinguish whether 
the patient is disoriented to time or has disturbance of 
recent memory (see below). If the patient answers a wrong 
day, it is useful to give the correct day and ask to remember 
it. If the patient can recall the correct day a few minutes 
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later, recent memory may not be a primary problem for that 
patient.

B .   M E M O R Y

Memory is divided into episodic memory and proce-
dural memory, and episodic memory is mainly com-
posed of semantic memory. Acquisition (registration), 
retention, and retrieval of information are all necessary 

for each category of memory. According to the length of 
the information retention, memory can be divided either 
into short- term memory and long- term memory, or into 
immediate memory, recent memory, and remote mem-
ory. Immediate memory is a memory lasting seconds and 
almost equal to repetition. For example, it is tested by giv-
ing five digits and asking the patient to repeat them soon 
afterward. Recent memory is a memory lasting a few min-
utes. In transient global amnesia, recent memory is mainly 
impaired, so that the patient repeats the same questions 
(Box 73). Remote memory is a memory lasting years, and 
it is tested by asking past events related to the patient or 
from the news. In general, patients with memory distur-
bance can better recall events that occurred in childhood 
than more recent events.

Examination of Memory

The presence of memory disturbance is usually suspected 
when taking the history. In the clinical practice, three unre-
lated words can be given verbally or in a written form, and 
the patient is asked to recall them after a short while. For 
quantitative measurement, 10 pairs of unrelated words 
are presented for memorizing, and after a short period of 
time, the patient is asked to answer the paired word for 
each given word. If this test was poorly performed, then 10 
pairs of related words may be used. As described above, if 
the patient is found to be disoriented to time, the correct 
information should be provided for memorizing.

In memory loss due to acute cerebral lesions such as 
strokes, acute encephalitis and head trauma, the patients 
often lose memory of events that occurred various lengths 
of time before the acute insult. In this case, the informa-
tion preserved in the past cannot be retrieved (retrograde 
amnesia). How far back the memory is lost differs depend-
ing on the severity of the retrograde amnesia. In severe ret-
rograde amnesia, all the previously acquired information is 
lost back to childhood, and during recovery, the memory 
gradually returns starting from the older events.

If consciousness is lost due to an acute brain insult 
due to trauma, for example, the patient is not expected to 
remember what happened during unconsciousness. Even 
in that case, however, if the memory center is not damaged 
by the insult, the patient is able to recall later what hap-
pened up to the exact moment of that injury. Therefore, 
if retrograde amnesia is present after the recovery from 
unconsciousness, it suggests that the memory center has 
also been damaged.

TABLE 22-  1  MINI- MENTAL STATE EXAMINATION (MMSE)

Category Possible points Description

Orientation to 
time

5 Year, season, day of the week, 
month, and day.

Orientation to 
place

5 State, county or prefecture, city, 
hospital, floor, and region.

Registration 3 Memory of three unrelated 
objects.

Attention and 
calculation

5 Serial sevens.

Recall 3 Registration recall of the three 
objects presented above.

Language 2 Naming a pencil and a watch.

Repetition 1 Repeating a phrase forward and 
backward.

Complex  
commands

6 Six complex commands, includ-
ing drawing a presented figure.

Total score 30

SOURCE: Modified from Folstein et al, 1975.

TABLE 22-  2  MONTREAL COgNITIVE ASSESSMENT (MoCA)

1. Alternating trail making

2. Visuoconstructional skills (cube)

3. Visuoconstructional skills (clock)

4. Naming

5. Memory

6.  Attention: Forward digit span, Backward digit span, Vigilance, 
Administration

7. Sentence repetition

8. Verbal fluency

9. Abstraction

10. Delayed recall

11. Orientation
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Memory function is usually tested by using verbal or 
written language. However, some patients may retain mem-
ory of the visual or auditory information, but not in lan-
guage. In this case, it is useful to present a set of objects or 
a set of sounds, and after a short time, to present one of the 
objects to ask whether it was one of the presented objects or 
not. Theoretically, it is also possible to do a similar test for 
gustatory and olfactory information.

Korsakov (Korsakoff) Syndrome

When a patient has disorientation in time and loss of recent 
memory, it is important to check if there is any confabu-
lation or not. If a patient has confabulation, the patient 
not only gives a clearly wrong answer to the examiner’s 
question but also he/ she believes that the given answer is 
correct. In an extreme situation, the patient might even 
agree with wrong information deliberately given by the 
examiner.

A combination of disorientation in time, loss of recent 
memory, and confabulation is called Korsakov syndrome 
(it may also be spelled Korsakoff ), which is usually associ-
ated with a lesion of the mammillary bodies and hypothal-
amus. The most representative conditions manifesting this 
syndrome are Wernicke encephalopathy (Boxes 74 and 75) 

BOX 73 TRANSIENT gLOBAL AMNESIA

This episode suddenly occurs in healthy adults above middle 

age, and is characterized by confusion recognized for example 

by repetition of the same questions or comments during the 

episode. It is accompanied by retrograde amnesia of various 

lengths, but it recovers completely starting from the oldest 

memories. During such an episode, therefore, the patient is 

not only unable to acquire, retain, and retrieve the new infor-

mation, but also unable to retrieve the old memory. In contrast 

with a psychomotor seizure, there is no behavioral abnormality 

during an attack of retrograde amnesia. Excessive emotional 

excitation may provoke the attack in some cases, but a pre-

cipitating factor may not be found in others. A release of glu-

tamate from the amygdala to the hippocampus by emotional 

excitation was thought to cause spreading depression in the 

hippocampus. Hypotheses for its pathogenesis also include 

partial epilepsy and transient ischemic attack of hippocampus. 

A study of patients within 48 hours after the onset of the at-

tack with diffusion MRI showed abnormality in the CA- 1 region 

of hippocampus, which disappeared within 10 days (Bartsch 

et al, 2007). These data suggested ischemia as the most likely 

cause (Bartsch et al, 2010). Recurrence of this condition is 

relatively uncommon.

R L

Figure 22- 1 Diffusion MRI of a patient who acutely presented diplopia, unsteady gait, delusion, and marked fluctuation of body temperature 
following massive alcohol intake. The MRI shows abnormal signal around the third ventricle and in the mammillary bodies, suggestive of Wernicke 
encephalopathy.
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and limbic encephalitis (see Box 95). In these conditions, 
the patients commonly show emotional abnormalities, char-
acter change, and frivolous, unreliable personality. If this 
condition is further accompanied by abnormal behaviors 
like oral tendency and hypersexuality, it is called Klüver- 
Bucy syndrome. The latter syndrome is seen in association 

with bilateral lesions of the mesial temporal lobes like her-
pes simplex encephalitis, limbic encephalitis, and postanoxic 
encephalopathy.

The neural circuit related to memory function has been 
known as the Papez circuit ( Jang & Kwon, 2014, for review) 
(Figure 22- 3). This circuit starts from the hippocampus 
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Figure 22- 2 EEG of a patient with hepatic encephalopathy, showing lack of the posterior dominant rhythm and diffuse slow waves with frequent burst- like 
occurrence of high amplitude slow waves and occasional triphasic waves (arrow).

BOX 74 WERNICKE ENCEPHALOPATHY

This is acute encephalopathy affecting heavy drinkers, char-

acterized by all or some of the symptoms/ signs such as fluc-

tuating disturbance of consciousness, delusion, Korsakov 

syndrome, ophthalmoplegia, nystagmus, ocular motor distur-

bance, and cerebellar ataxia. In addition, the ankle jerk may be 

lost due to peripheral neuropathy, and the Babinski sign may 

be positive. Pathologically, a necrotic lesion associated with 

small hemorrhages is seen in the mammillary bodies, periven-

tricular region of thalamus/ hypothalamus, periaqueductal gray 

substance, base of the fourth ventricle, and cerebellar vermis 

(Figure 22- 1). Furthermore, an autonomic storm with excessive 

fluctuation of vital signs, especially that of body temperature 

(poikilothermia), may occur, and it may be fatal. Early diagno-

sis is extremely important for this condition, because early 

treatment with a large dose of active vitamin B1 is effective. 

This treatable condition may be misdiagnosed as strokes of 

the rostral brainstem because of a quite similar clinical picture 

between the two conditions.

Central pontine myelinolysis may present with similar clini-

cal manifestations in addition to quadriparesis. This condition 

occurs when marked hyponatremia is acutely corrected by so-

dium supplement therapy. Pathologically, it is characterized by 

a demyelinating lesion in the central part of the pons. This 

pontine lesion may be associated with demyelinating lesions 

in the cerebral white matter (extrapontine myelinolysis). A rare 

condition seen in heavy drinkers is Marchiafava- Bignami dis-

ease, which is characterized by a white matter lesion especially 

involving the corpus callosum. Cranial MRI is helpful for diagno-

sis of this condition.



22.  MENTAL AND COgNIT IVE FUNCTIONS 213

and uncus, then goes through the fornix, septal nucleus, 
and mammillary body, mammillothalamic tract of Vicq 
d’Azyr, anterior nucleus of thalamus, and cingulum in 
this order, and finally returns to the hippocampus. In this 
circuit, a part of fibers from the septal nucleus is consid-
ered to enter the cingulate gyrus directly without going 
through the anterior nucleus of thalamus. This pathway, 
together with the medial dorsal nucleus of the thalamus 
(see Chapter 27- 4), is known to play an important role in 
memory (Danet et al, 2015), and it is well known that bilat-
eral lesions of the medial thalamus cause marked amnesia 
(Figure 22- 4).

C .   C A L C U L A T I O N

For testing mental calculation, serial subtraction of 7 from 
100 is commonly used. If the patient is suddenly given 
this order, he/ she may be too upset to respond correctly. 
Therefore, it is important to judge by taking into account 
the patient’s character and circumstances. In view of the 
fact that this task requires working memory and atten-
tion, if the patient has difficulty in responding verbally, it 
may be useful to give the same test in a written form. If 
the patient has any difficulty in calculation, it is import-
ant to judge whether it is a part of generalized cognitive 

BOX 75 SUBACUTE AND FLUCTUATINg BEHAVIORAL 

ABNORMALITY

There are several conditions that cause behavioral abnormal-

ities of subacute onset and fluctuating course, many of which 

are treatable. Among others, chronic subdural hematoma caus-

es cognitive dysfunction and gait disturbance a few months 

after a relatively mild head injury. Although it is easily detected 

by neuroimaging techniques, it is still an important differential 

diagnosis of dementia of unknown etiology. Metabolic enceph-

alopathy due to liver cirrhosis or kidney failure also causes cog-

nitive disturbance of subacute onset and fluctuating course. In 

the presence of shunt between the portal vein and the system-

ic circulation, the patient may develop symptoms of encepha-

lopathy after taking a protein- rich diet (portal- systemic enceph-

alopathy). In this condition, ammonia is elevated in blood, and 

triphasic waves may be seen on electroencephalogram (EEG) 

(Figure 22- 2). Disorders of amino acid metabolism with abnor-

mal urea cycle such as citrullinemia are a common cause of 

metabolic encephalopathy.

Citrullinemia results from deficiency of argininosuccinate 

synthetase. In this case, it is often discovered that the patient 

has been fond of beans since childhood, probably because 

beans are rich in arginine.
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Figure 22- 3 Schematic diagram showing the neuronal circuit related to memory. (Reproduced with minor modification from Brodal, 2010, with permission)
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Figure 22- 4 Diffusion MRI (top) and T2- weighted MRI (bottom) of a patient who presented marked amnesia following bilateral medial thalamic infarction 
(arrows). There was consciousness disturbance and abnormal sensation on the right half of the body at the clinical onset.
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Figure 22- 5 Character change due to a lesion of the right temporal lobe. (a) MRI of a patient who showed marked character change and left inferior 
quadrantanopsia following acute attack of severe headache and consciousness disturbance. A large hemorrhage is seen in the right temporal and 
parietal lobes. (b) Helmet used by the French poet Apollinaire during the war. His character changed dramatically after the head injury. (Reproduced 
from Bogousslavsky, 2005, with permission)
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impairment or acalculia, which is a focal cortical sign due 
to a lesion of the left supramarginal gyrus and an important 
component of Gerstmann syndrome in the right- handed 
subject. This distinction is usually possible by taking other 
mental functions into consideration, but it is believed that 
the patients with acalculia tend to make more errors in the 
position of digits on the vertically written calculation. By 
contrast, patients with generalized cognitive impairment 
find it easier to make the written calculation than the men-
tal calculation.

D.   C O M M O N  K N O W L E D g E  A N D  J U D g M E N T

Judgment is divided into two categories:  cognitive judg-
ment and social judgment. The cognitive judgment is 
directly related to the perception and recognition of 
external stimulus and internal milieu, whereas social judg-
ment involves interpersonal relationship. For cognitive 
judgment of general sensory information, the primary as 
well as secondary sensory center for each modality plays a 
role. For special sensory modalities, special receptive areas 
in the parietal and temporal cortex are important (see 
Chapter  23- 2C). Regarding social judgment, the orbito-
frontal cortex and the dorsolateral prefrontal area play an 
important role for judgment based on visual information, 
and the amygdala is related to the judgment of face emotion 
(Mah et al, 2004). For moral judgment, the mesial prefron-
tal area is considered to be important (Avram et al, 2014).

Common knowledge and judgment can be evaluated 
during the history taking, by talking to the patient about 
topics of common interest, depending on the patient’s edu-
cational level and occupation. The topics may include the 
recent news about society, sports, arts, and hobbies. It is also 
possible to evaluate the process of thinking and judgment 
by asking the patient about how he/ she feels about that 
particular topic.

E .   E M O T I O N  A N D  C H A R A C T E R

These features can also be estimated by observing facial 
expression and behavior of the patient during the history 
taking. It may also be judged by observing emotional reac-
tion of the patient by presenting some jokes. Information 
obtained from the patient’s family as to whether or not 
there has been any recent change in the patient’s character is 
very useful (Box 76).

F.   I L L U S I O N ,  H A L L U C I N A T I O N ,  A N D  D E L U S I O N

These are a group of positive psychiatric symptoms (see 
Chapter 1- 1). In illusion, a given stimulus is sensed as 
different from what is expected to be sensed. In con-
trast, hallucination is a phenomenon of seeing or hear-
ing what is not there to be seen or heard, respectively. 
A  typical example of visual hallucination is seeing 
insects that are not actually present, and the patient 
often reacts to the image either verbally or behavior-
ally. Visual hallucination is commonly seen in delirious 
states (delirium) such as those due to alcohol intoxi-
cation, other toxic encephalopathies, and metabolic 
encephalopathies. Visual hallucination also occurs in 
patients with Parkinson disease during L- dopa treat-
ment or in patients with diffuse Lewy body disease, 
especially at night.

Patients with auditory hallucination may hear 
voices of other people who are not there and may even 
respond to them by speaking or acting. Delusion is 
defined as abnormal belief of false ideas such as delusion 
of persecution and grandiose delusion. Auditory halluci-
nation and delusion are often seen in patients with psy-
chosis, schizophrenia among others, but they may also 
be seen in patients with intractable temporal lobe epi-
lepsy during the interictal phase and other organic brain 
diseases.

BOX 76 CHANgE OF EMOTION AND CHARACTER BY A LESION 

OF THE RIgHT TEMPORAL LOBE

A 35- year- old man developed severe headache, and 12 hours 

later he lost consciousness. After recovery from the acute   

episode, he often got angry at home and showed marked 

character change. The patient was found to be in a state of 

abulia with little facial expression and slow motor initiation 

and execution. There was also left homonymous inferior qua-

drantanopsia. A large hemorrhage was found in the right tem-

poroparietal lobe (Figure 22- 5a). In relation to this case, the 

French poet Apollinaire, after having sustained a war injury 

to the right temporal head (Figure 22- 5b), became unable to 

control emotion and stopped writing to his fiancée, to whom 

he used to write almost every day before the injury (Bogous-

slavsky, 2005).
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g .   S T A T E  O F   D A I LY   L I V I N g

Information about the patient’s daily life obtained from the 
patient’s family and housemates is most useful for evaluat-
ing mental functions. In case of women who work in the 
home, for example, information as to whether she makes 
any mistakes in shopping, cooking, cleaning and washing 
may disclose abnormalities, if any. Especially in Alzheimer 
disease, questions as to whether or not the patient has any 
difficulty in finding the way to his/ her own house may pro-
vide useful information in relation to topographical abili-
ties, which are commonly impaired in this disease.

2.   DEMENTIA

Dementia is a condition in which all or some of the above- 
described mental/ cognitive functions are impaired to vari-
ous degrees and which, in the advanced stage, causes severe 
disability in social life. It is often accompanied by impair-
ment of focal cortical functions (see Chapter  23), and in 
the very early stage, focal cortical dysfunction may predom-
inate the clinical picture. It is known that the prevalence 
of dementia increases with aging between 65 and 85. In a 
study of 911 subjects above age 90 in California, 45% of 
women were diagnosed to have dementia versus 28% of 
men (Corrada et  al, 2008). It was further shown that, in 
women of age over 90, the prevalence of dementia doubled 
every 5 years.

When examining patients with dementia, it is of utmost 
importance to consider treatable medical conditions before 
making diagnosis of neurodegenerative diseases and vascu-
lar dementia. Treatable conditions include nutritional dis-
orders such as vitamin B12 deficiency and niacin deficiency 
(pellagra), chronic hepatic diseases, kidney failure, hypo-
thyroidism, poor cerebral perfusion due to cardiac failure, 
hypoxia due to chronic lung diseases, and long- standing 
drug use.

A .   A L Z H E I M E R  D I S E A S E  A N D  R E L A T E D 
D I S O R D E R S

Alzheimer Disease

This is the commonest cause of dementia involving the 
elderly population. The disease affects both sexes, but is 
more common in women than in men. The commonest ini-
tial symptom is memory disturbance, and disorientation to 
time is also commonly seen. At the advanced stage, it causes 

severe disability in social life. Compared with dementia due 
to multiple cerebral infarctions, the patients tend to lose 
insight into the disease.

Pathologically, neurodegeneration involves the hip-
pocampus, amygdala, and parietal and temporal cortices. 
Histologically, it is characterized by neuronal degeneration 
and loss associated with neurofibrillary tangles and senile 
plaques. The neurofibrillary tangles are formed by deposit of 
tau protein, and the senile plaques are formed by deposit of 
amyloid.

Lewy Body Dementia and Parkinson Disease

Dementia characterized by accumulation of Lewy bod-
ies is called dementia with Lewy bodies (DLB) or 
diffuse Lewy body disease, which clinically mani-
fests progressive cognitive disorders and parkinsonism. 
Pathologically, Lewy bodies are seen diffusely in the 
cerebral cortex. Visual hallucination is commonly seen 
at night, and functional abnormalities of the occipital 
lobe have been suggested by EEG and functional neuro-
imaging studies.

As cognitive impairment is seen in more than half of 
patients with idiopathic Parkinson disease at the advanced 
stage (Parkinson disease with dementia), this might be 
distinguished from DLB. Two possibilities have been pro-
posed for the cause of dementia in Parkinson disease: DLB 
and coexistence of Alzheimer disease (Compta et al, 2011). 
In a prospective, neuropathological study from Norway on 
22 cases of Parkinson disease, the presence of Lewy bod-
ies was the only finding that was positively correlated with 
the degree of dementia, and it was proposed that demen-
tia in Parkinson disease was mostly due to DLB (Aarsland 
et  al, 2005). Another study, using chemical imaging with 
PET looking for L- dopa uptake, acetylcholine metabolism, 
and glucose metabolism, found common abnormalities 
between patients with Parkinson disease with dementia and 
those with DLB (Klein et al, 2010). A recent neuropatho-
logical study of many cases of a spectrum of parkinsonian 
disorders disclosed concomitant pathologies, especially 
between DLB and Alzheimer disease (Dugger et al, 2014; 
Walker et al, 2015).

In relation to visual hallucination in DLB, it should be 
kept in mind that hallucination is also seen as a side effect of 
L- dopa treatment. The cholinesterase inhibitor donepezil 
may improve cognitive function and behavior in patients 
with DLB (Mori et al, 2012).
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Basal Ganglia and Cognitive Functions

Degenerative disorders of the basal ganglia are often accom-
panied by dementia. Sawamoto et  al. (2002, 2007)  stud-
ied patients with Parkinson disease by presenting a day of 
the week and asking the patient to advance 1 to 3 days as 
quickly as possible; the patients showed poor performance 
(bradyphrenia) and lower blood flow activation in the basal 
ganglia in association with the task compared with the age- 
matched healthy control subjects. As the above study did 
not require a motor response, it was claimed that the results 
were not affected by bradykinesia.

B .   F R O N T O T E M P O R A L  L O B A R  D E g E N E R A T I O N

A group of neurodegenerative disorders characterized clin-
ically by progressive behavioral abnormality and language 
impairment and pathologically by degeneration of the pre-
frontal cortex and the anterior temporal neocortex is referred 
to as frontotemporal lobar degeneration (FTLD). This 
condition affects adults of age between 45 and 65, and there 
is no sex predilection. It often seems sporadic, but familial 
cases have been reported, and now genetic abnormalities are 
often etiologic. Some cases of FTLD are also accompanied 
by motor neuron diseases and parkinsonism.

Various clinical forms are known in FTLD, including 
frontotemporal dementia (FTD), semantic dementia, 
progressive nonfluent aphasia, and FTD/ Pick complex 
(Kertesz et al, 2005; Neary et al, 2005, and Lashley et al, 
2015, for review). There is also the behavioral variant of 
FTD, which is characterized by progressive impairment 
of personality, social behavior, and cognitive functions 
(Rascovsky et  al, 2011). Each of these categories shows 
characteristic clinical pictures at the initial stage, but at the 
advanced stage, they may show other abnormalities and 
become indistinguishable from each other.

Pathologically, FTLD is largely classified into two 
groups, a group with tau inclusions (tauopathies) and 
another group without tau but with ubiquitin- positive 
inclusions (FTLD- U). Neuropathological studies of 
patients who presented clinically with FTLD showed 
tauopathies in 46%, FTLD- U in 29%, Alzheimer disease 
in 17%, and others including DLB (Forman et  al, 2006). 
In fact, there is some overlap between cases of FTLD and 
familial cases of Alzheimer disease in terms of phenotype, 
inclusion protein, and genotypes (van der Zee et al, 2008). 
In the second group (FLTD- U), there is a mutation of the 
progranulin gene (Beck et al, 2008).

It is also known that the autosomal dominant form 
of FTD and amyotrophic lateral sclerosis (ALS) occur 
in the same family, and these two conditions share 
common genetic risk loci on chromosome 9p21.2 and 
19p13.11, suggesting a possible common pathogenesis 
in the two conditions (DeJesus- Hernandez et  al, 2011; 
Renton et al, 2011; Hodges, 2012 for review; Diekstra 
et al, 2014). In fact, C9orf72 (chromosome 9 open read-
ing frame 72) hexanucleotide repeat expansions are the 
most common cause of familial FTD and familial ALS, 
although patients with ALS with these expansions more 
frequently show behavioral and cognitive symptoms 
than those with classical ALS (Rohrer et  al, 2015, for 
review) (Boxes 77, 78 and 79).

The familial occurrence of ALS/ parkinsonism- 
dementia complex has been reported in Chamorro of 
Guam, the Kii peninsula of Japan, and in Western New 
Guinea. Clinical, pathological, and genetic studies have 
been extensively carried out in those cases, but so far 

BOX 77 DEMENTIA PUgILISTICA (CHRONIC TRAUMATIC 

ENCEPHALOPATHY)

It has been reported that boxers who have repeatedly received 

a punch on the head tend to develop memory disturbance,   

behavioral abnormality, character change, and motor distur-

bance later (dementia pugilistica, punch- drunk encephalopa-

thy). It is also known that the similar condition occurs in play-

ers of other sports such as American football, hockey, soccer, 

and professional wrestling (chronic traumatic encephalopathy, 

or CTE). Various pathological abnormalities such as brain at-

rophy, abnormality of the cavum septi pellucidi, atrophy of the 

mammillary body, diffuse deposit of tau inclusion and amyloid, 

and inflammatory change with microglia have been reported. 

Although there are no diagnostic criteria either clinically or 

pathologically for this condition, it is considered to be differ-

ent from Alzheimer disease (Gavett et al, 2011; Saing et al, 

2012). However, based on neuropathological studies of a large 

number of cases of CTE, McKee et al. (2013) reported frequent 

association with other neurodegenerative disorders and found 

hyperphosphorylated tau (p- tau) throughout the brain in severe-

ly affected cases of CTE (McKee et al, 2015, for review). By 

using β-amyloid PET, increased β-amyloid burden was demon-

strated in long-term survivors of traumatic brain injury (Scott 

et al, 2016).
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heterogeneous results have been reported (Kokubo et  al, 
2012; Steele et al, 2015).

C .   L E U K O E N C E P H A L O PA T H Y

Diffuse lesions of the cerebral white matter are divided 
into congenital or hereditary leukodystrophy and acquired 
leukoencephalopathy. The most common form of the lat-
ter group is a diffuse ischemic lesion of the cerebral white 
matter causing vascular dementia. The cerebral lesions 
causing vascular dementia are classified into three groups; 
a large cerebral infarction, multiple small infarctions, and 
diffuse white matter lesion. White matter hyperinten-
sities in the brain are the consequence of cerebral small 
vessel disease, and can easily be detected on MRI (Prins 
& Scheltens, 2015, for review). Binswanger disease, pre-
viously known as progressive subcortical encephalopathy, 
occurs in hypertensive patients and is clinically charac-
terized by progressive dementia and gait disturbance. An 
MRI of this condition reveals diffuse abnormalities in 
the periventricular white matter (leukoaraiosis), but it 
is often accompanied by multiple small infarctions in the 
basal ganglia. The autosomal dominant hereditary form of 
Binswanger disease is called cerebral autosomal dominant 
arteriopathy with subcortical infarcts and leukoenceph-
alopathy (CADASIL). This disease occurs in adults of 
age mainly between 40 and 60 with progressive dementia 
and gait disturbance, and also convulsion in some cases. 
Mutation of the notch 3 gene has been identified in this 
condition. Families of autosomal recessive inheritance 
are also known as CARASIL, in which mutation of the 
HTRA1 gene was identified. This form is accompanied 
by alopecia and lumbago due to lumbar spondylosis, and 
is common among Asians (Fukutake, 2011, for review; 
Nozaki et al, 2015).

Hereditary leukodystrophy usually occurs in infants 
and children, but some forms may occur in adults. Adreno-
myeloneuropathy is an adult form of adrenoleukodystro-
phy (see Box 38). Alexander disease due to mutations in 
the glial fibrillary acidic protein (GFAP) gene is patho-
logically characterized by the presence of Rosenthal fibers. 
Its infantile and juvenile forms are characterized by men-
tal deterioration, but its adult form also presents with 
spastic paraparesis, cerebellar ataxia, and palatal tremor 
(Graff- Radford et  al, 2014). Hereditary diffuse leuko-
encephalopathy with spheroids (HDLS) is character-
ized by progressive cognitive and behavioral dysfunction 

BOX 79 PROgRESSIVE SUPRANUCLEAR PALSY   

AND CORTICOBASAL DEgENERATION

Among neurodegenerative disorders presenting with progres-

sive frontal dementia and parkinsonism, progressive supranu-

clear palsy (PSP, Steele-Richardson-Olszewski syndrome) and 

corticobasal degeneration (CBD) are most commonly encoun-

tered. CBD is clinically referred to as corticobasal syndrome 

(CBS) due to ambiguity about the pathology. These two con-

ditions commonly occur in adults over age 60. It is generally 

believed that PSP is characterized by supranuclear vertical 

gaze palsy (see Chapter  9- 2), retrocollis, postural reflex ab-

normality and parkinsonian gait disturbance, whereas CBS is 

characterized by asymmetric rigidity and bradykinesia, trem-

ulous myoclonus, ideomotor apraxia, primitive reflexes, and 

cortical sensory loss. In clinical practice, however, distinction 

of these two conditions is not infrequently difficult, and in fact 

some cases show clinical features of both conditions. In fact, 

pathological studies of clinically diagnosed cases of CBS re-

vealed either of the four conditions; CBD, Alzheimer disease, 

PSP, or FTLD (Lee et al, 2011). Furthermore, a recent retro-

spective multicenter study of 100 cases of autopsy- confirmed 

cases of PSP revealed remarkable phenotypic heterogeneity 

(Respondek et al, 2014).

BOX 78 HIV- RELATED NEUROLOgIC DISORDERS

In acquired immunodeficiency syndrome (AIDS) due to infec-

tion with the human immunodeficiency virus (HIV), a number 

of neurological complications are known to occur, involving 

the central and peripheral nervous system and muscles. 

Brain pathology is mediated by two different mechanisms: ac-

tivation of microorganisms that were latent as a result of op-

portunistic infection on one hand and direct infection of the 

brain with HIV on the other. The microorganisms of the first 

group include toxoplasma, cryptococcus, cytomegalovirus, JC 

virus (Box 82), and syphilis. In the second group, a diffuse 

inflammatory change in the brain due to HIV infection caus-

es dementia, depression, and parkinsonism (HIV- associated 

dementia, HIV- associated neurocognitive disorders) (Arendt 

& Nolting, 2008, and Gannon et  al, 2011, for review). By 

recent introduction of the highly active antiretroviral therapy 

(HAART), the prevalence and severity of these neurological 

complications have decreased.
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BOX 80 VANISHINg WHITE MATTER DISEASE

This is an autosomal recessive hereditary leukoencephalopa-

thy that occurs in children with cerebellar ataxia. This disease 

is characterized by acute worsening of symptoms in associ-

ation with infection and head trauma. Characteristically, the 

follow- up studies with proton or FLAIR MRI reveal vanishing 

white matter. Mutation of the EIF2B genes 1 to 5 was found 

in this condition, and its phenotype is heterogeneous (Matsui 

et al, 2007; van der Lei et al, 2010).

BOX 81 NASU- HAKOLA DISEASE

This is an autosomal recessive hereditary disease character-

ized by multiple fractures since puberty, progressive memory 

disturbance, and psychiatric symptoms such as character 

change, euphoria and indifference, finally resulting in aki-

netic mutism. This disease was first reported by Nasu et al. 

from Japan in 1970, and later Hakola et al. coined the term   

“osteodysplasia polycystica hereditaria combined with scle-

rosing leucoencephalopathy” (Kaneko et al, 2010, for review). 

The main pathological abnormality of cerebral hemispheres is 

sudanophilic leukodystrophy, and systemically there are mem-

branocystic lesions in the bones and fatty tissues. Diagnosis 

is made by finding cystic lesions in the epiphysis of long bones 

on X- ray examination. Mutation of TREM2 or DAP12 gene was 

identified in the families of this disease.

followed by motor impairment such as gait disturbance 
and bradykinesia in adults below the age 60. This is an 
autosomal dominant disease, and recently a gene encod-
ing the colony stimulating factor 1 receptor (CSF- 1R) has 
been identified as a causative gene (Konno et  al, 2014). 
In patients with vanishing white matter disease (Box 80) 
and membranous lipodystrophy (Nasu- Hakola dis-
ease) (Box 81), symptoms may first appear in childhood, 
but the patients may visit the adult neurology clinic at a 
later age.

Acquired diffuse white matter lesions are also caused 
by anticancer drugs such as fluorouracil and as a late effect 
of acute carbon monoxide poisoning (interval form of 
acute carbon monoxide poisoning). Furthermore, leuko-
encephalopathy might occur after whole- brain irradiation 
(chronic postradiation leukoencephalopathy), and some 

cases might show acute transient episodes of impaired con-
sciousness and neurological deficits several years after the 
irradiation (Di Stefano et al, 2013). In relation to leukoen-
cephalopathy, it should be kept in mind that the primary 
malignant lymphoma of the central nervous system may 
show progressive white matter lesion on MRI (Box 82).
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23.

APHASIA, APRAXIA, AND AgNOSIA

1.  NEURAL CIRCUITS RELATED 
TO LANgUAgE, PRAXIS,  
AND RECOgNIT ION

Several hypotheses have been proposed for the neural 
circuits related to language, praxis, and recognition 
based on the correlation between clinical symptoms/ 
signs and pathological findings of patients who died of 
head trauma or vascular brain lesions, and more recently 
based on the correlation with neuroimaging data in clin-
ical cases (Figure 23- 1). Moreover, as a consequence of 
the recent advance in various noninvasive techniques for 
studying brain functions in healthy subjects (Shibasaki, 
2008, for review), and as the result of presurgical eval-
uation of patients with medically intractable partial 
epilepsy by intracranial recording, further informa-
tion on the functional localization (specialization) 
as well as inter- areal functional coup ling has been  
accumulated.

Functions of the nervous system are generally symmet-
ric, but the hemispheric language dominance is of utmost 
importance for evaluating these higher cortical functions. 
Although there seems to be some racial difference in the 
language dominance, it is believed that about 95% of the 
population is right- handed, and the left cerebral hemi-
sphere is dominant in the majority of those right- handed 
subjects. The remaining 5% of population may be left- 
handed, but about half of left- handed subjects are also 
believed to have dominance in the left hemisphere. Thus, 
only a very small proportion of population has dominance 
in the right hemisphere.

An exception to the above rule is the occurrence of 
aphasia in right- handed subjects with a lesion of the 
right hemisphere, although it is extremely rare. This 
phenomenon is called crossed aphasia. In this chap-
ter, higher cortical functions are discussed for right- 
handed subjects who have language dominance in the 
left hemisphere.

Focal Neurologic Deficit and  
Disconnection Syndrome

It is considered that higher cortical functions are impaired 
either by a focal lesion of the association cortex (focal 
neurological deficit) or by interruption of the functional 
connection among different cortical areas (disconnection 
syndrome). The concept of disconnection syndrome was 
brought into prominence in modern times by Geschwind 
(Geschwind, 1965a, 1965b; Hallett, 2015, for book 
review). As a consequence of recent advances in electro-
physiological and neuroimaging techniques, functional 
connectivity has been documented in healthy subjects, 
and the notion of disconnection syndrome is drawing 
increasing attention (Catani & ffytche, 2005, for review). 
In the clinical setting, it is reasonable and practical to con-
sider the two concepts in combination.

A .   L A N g U A g E

When evaluating language function, it is important to 
consider both spoken language and written language. 
Anatomically, in addition to the anterior language area 
in the left inferior frontal gyrus and the posterior lan-
guage area in the left superior temporal gyrus, it is useful 
to consider a third language area in the left parietal lobe 
(Figure 23- 2). These areas cover a large region along the 
left sylvian fissure and receive blood supply from the left 
middle cerebral artery (see Figures 7- 4 and 7- 7). In addi-
tion, participation of the left basal temporal lobe in lan-
guage function was proposed by Lüders et al. (1986), and 
the basal temporal language area has been demonstrated 
electrophysiologically (Matsumoto et  al, 2004b; Usui 
et al, 2009).

Regarding spoken language, an auditory input is 
received by the auditory cortex located in the bilateral 
superior temporal gyri and is transmitted to Wernicke’s 
area in the posterior part of the left superior temporal 
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gyrus (Figure 23- 3- a). This information has been obtained 
primarily from the observation of patients with stroke, but 
in neurodegenerative diseases presenting with primary pro-
gressive aphasia, it has been shown that word comprehen-
sion is actually located in the left anterior temporal lobe and 
sentence comprehension is distributed widely throughout 
the language network (Mesulam et al, 2015). In Wernicke’s 
area, words are understood with the aid of functional con-
nectivity with other related cortical areas, and it plays a crit-
ical role in speech production (Binder, 2015 for review). 
For repeating orally presented words (repetition), the 
information is conducted from Wernicke’s area through   
the arcuate fasciculus (Figure 23- 3- b) to Broca’s area in the   
left inferior frontal gyrus (Figure 23- 3- c). From there, the 
words are pronounced through the bilateral motor corti-
ces. For speaking spontaneously, Broca’s area receives the 

relevant information from other related cortical areas, and 
from there the words are pronounced through the bilateral 
motor cortices.

For written language, the information is transmitted 
from the visual center in the bilateral occipital cortices to 
the reading center in the left angular gyrus (Figure 23- 3- e),   
where the written words are understood with the aid of 
functional connectivity with other related cortical areas. 
For copying the written words, the information from the 
left angular gyrus is transmitted through the arcuate fascic-
ulus to the writing center (Exner’s area) in the left middle 
frontal gyrus (Figure 23- 3- g). Then, the words are written 
with the right hand through the corticospinal tract from 
the left motor cortex. For writing spontaneously, the above 
pathway from the left angular gyrus to the frontal writing 
center plays a part. For this reason, patients with a lesion 
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Figure 23- 1 Schematic diagram showing functional localization in the cerebral cortex in right- handed subjects. (a) Lateral view of the left hemisphere. 
(b) Axial view.
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Parietal language area

Temporal language area
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Figure 23- 2 Functional connectivity related to language, reconstructed based on the diffusion tensor tractography (DTT). (Reproduced from Catani & 
ffytche, 2005, with permission)

in the left occipital white matter and the splenium of the 
corpus callosum interrupting the input of visual informa-
tion to the left angular gyrus can write, but cannot read the 
words written by him- / herself (alexia without agraphia, 
pure alexia) (Figure 23- 3- d). The most common cause of 
this typical disconnection syndrome is an infarction in the 
left medial occipital white matter.

By intraoperative stimulation studies in patients as 
well as functional MRI studies in healthy subjects, Exner’s 
writing area was identified in a cortical area just anterior 
to the hand area of the left primary motor cortex (Roux 
et al, 2009).

Classification of Aphasia

Impairment or loss of acquired language function is called 
aphasia. If Wernicke’s area is damaged, the patient is unable 
to understand spoken language and also unable to repeat 
spoken words. This condition is called sensory aphasia or 
Wernicke aphasia. In this case, the patient is rather talk-
ative and speaks incomprehensible language (jargon apha-
sia), because he/ she is unable to understand his/ her own 
spoken words. This condition is often called fluent aphasia, 
but the use of the term “fluent” here is rather misleading in 
this situation.

In contrast, the patient with a lesion of Broca’s area is 
neither able to speak spontaneously nor to repeat given 
words (motor aphasia, Broca aphasia). In this case, the 
patient does not try to speak much or even becomes mute, 
because he/ she can understand his/ her own mistakes. 
Speech in this condition is characterized by abnormal 
intonation (dysprosody) and abnormal sentence construc-
tion, which sounds like a telegraph (telegraphic speech). 
When repeating given words, a syllable might be replaced 
by another different and yet similar syllable (literal para-
phasia), and a word might be replaced by another different 
and yet similar word (verbal paraphasia).

Left Right
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Figure 23- 3 Schematic diagram showing the neural circuits related to 
language, praxis and gnosis in right- handed subjects. View from the 
top of head. a. Wernicke’s area, b. arcuate fasciculus, c. Broca’s area, 
d. corpus callosum related to visual function, e. left angular gyrus, f. left 
supramarginal gyrus, g. left premotor area (Exner’s area), h and i: corpus 
callosum, j. right premotor area.
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Spoken Language and Written Language

In most cases of sensory aphasia, comprehension is impaired 
not only for spoken language but also for written language. 
This might be explained by postulating either that Wernicke’s 
area is involved in the comprehension of both spoken and 
written languages, or that the angular gyrus situated just pos-
terior to Wernicke’s area is also affected by the same lesion  
(Figure 23- 3- e). Likewise, in most cases of  Broca aphasia, both 
speaking and writing are impaired. This might also be explained 
by postulating either that Broca’s area is engaged in speaking 
as well as writing, or that Exner’s area situated just dorsal to 
Broca’s area is also affected by the same lesion (Figure 23- 3- g).

Some patients can understand written words but can-
not understand spoken words (pure word deafness). In 
this condition, the patient usually can hear and understand 
the meaning of nonverbal sounds. Likewise, the condition 
in which the patient can write but cannot speak is called 
pure word dumbness. Some patients with Broca aphasia 
are unable to stick out their tongue in response to verbal 
command. This condition can be called verbal apraxia or 
apraxia of speech, but “lingual apraxia” might be the better 
terminology for this condition, because Broca aphasia itself 
might be considered as “apraxia of language.”

In contrast, some patients can speak and understand the 
spoken language but can neither read nor write. This condi-
tion is called alexia with agraphia and is due to a lesion of 
the left angular gyrus (see comparison with alexia without 
agraphia) (Box 83; Figures 23- 4 and 23- 5).

If the arcuate fasciculus is selectively affected while 
Broca’s area and Wernicke’s area are preserved, the patient 
cannot repeat verbally given words in spite of the fact 
that he/ she can understand the spoken language and 
speak relatively well. This phenomenon called conduc-
tion aphasia is another typical example of a disconnec-
tion syndrome. If the perisylvian area is widely affected, 
the patient shows features of all types of aphasia (total 
aphasia). Furthermore, in contrast with the ordinary 
Wernicke aphasia in which repetition is also impaired, 
some patients with sensory aphasia may be able to repeat 
although he/ she cannot understand the spoken words. 
This is called transcortical sensory aphasia. Likewise, 
some patients with motor aphasia may be able to repeat 
given words although he/ she cannot speak sponta-
neously. This condition is called transcortical motor 
aphasia. These phenomena may be explained by postu-
lating lesions in the language areas but without directly 
interrupting the neural circuits necessary for repetition 
(Figure 23- 3- a, b, c).
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Figure 23- 4 Activation of the left posterior inferior temporal cortex (arrow) 
associated with reading and writing of kanji (morphogram) of Japanese 
language, demonstrated by a functional MRI study. The transverse MRI 
on the bottom was obtained at 12 mm below the anterior commissure 
(AC)– posterior commissure (PC) line on the Talairach coordinate. 
(Reproduced from Nakamura et al, 2000, with permission)

BOX 83 KANJI (MORPHOgRAM) AND KANA (SYLLABOgRAM) 

OF JAPANESE LANgUAgE

Japanese language is composed of two kinds of characters; 

kanji (morphogram) and kana (syllabogram). Clinical studies 

of Japanese patients with aphasia suggested different mech-

anisms in the processing of the two characters (Iwata, 1984). 

Studies of healthy Japanese subjects by using functional neu-

roimaging techniques revealed that reading and writing of kanji 

are primarily processed in the posterior region of the left inferior 

temporal gyrus, whereas reading and writing of kana are primar-

ily processed in the ventral part of the left parietal cortex (Fig-

ure 23- 4) (Nakamura et al, 2000; Ueki et al, 2006). A 71- year- 

old Japanese woman had progressive memory disturbance for 

two years and could not write kanji (morphogram) but could write 

kana (syllabogram) relatively well (Figure 23- 5a). She could read 

and copy sentences including kanji. Blood flow was decreased in 

the left posterior inferior temporal region (Figure 23- 5b).
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B .   P R A X I S

Based on clinical and experimental data, it is believed that 
the left parietal lobe, especially the supramarginal gyrus, 
plays a main role in programming daily activities like tool 
use and gesture (Figure  23- 3- f ). The fibers from there 
project anteriorly through the arcuate fasciculus to the 
premotor area of the left middle frontal gyrus (Wheaton 
et  al, 2005; Hattori et  al, 2009; Matsumoto et  al, 2012).   
The information from the left premotor area is conducted 
to the right premotor area through the corpus callosum, 
and the primary motor cortex is activated by the premotor 
area on each side, so that actual movements are executed.

Classification of Apraxia

If the left parietal lobe including the supramarginal gyrus 
is damaged, the patient is unable to program a motor task, 
and finds it difficult to use given tools in an appropriate 
sequence. For example, if a set of cup, kettle and coffee is 
presented, the patient may put coffee directly into the kettle 
instead of the cup. This phenomenon is called ideational 

apraxia, and is often accompanied by difficulty in copy-
ing geometric forms of any complexity (constructional 
apraxia). In this condition, the patient may be able to draw 
individual shapes, but unable to synthesize them into a 
complex figure. This phenomenon can be also tested by ask-
ing the patient to imitate given forms by hands such as the 
posture of the examiner’s fingers.

For daily living, reaching and grasping are important 
tasks in which the left inferior parietal lobule takes part 
(Figure 23- 6) (Hattori et al, 2009). Furthermore, a lesion 
of the fiber tracts projecting from the left parietal cortex to 
the left frontal cortex causes difficulty in using tools or mak-
ing gestures (ideomotor apraxia). In contrast, a lesion of 
the premotor area makes the movement of the contralateral 
hand clumsy (limb- kinetic apraxia). In this case, however, 
it is a prerequisite that there is no spastic paresis, rigidity, or 
motor ataxia in the corresponding hand.

It is considered that the right premotor area is activated 
only through the left premotor area. Therefore, a lesion of 
the left premotor area makes not only the right hand move-
ment clumsy but also the left hand movement. In this case, 

Includes kanji (morphogram)

Kana (syllabogram) only

a

Right hemisphere 

b

Left hemisphere

Figure 23- 5 Disturbance of kanji (morphogram) writing seen with a dictation task in a Japanese patient with clinical diagnosis of Alzheimer disease. 
(a) The patient can write kana (syllabogram) relatively well but can write only simple kanji (morphogram). (b) The blood flow study by three- dimensional 
stereotactic surface projections (3D- SSP) analysis of SPECT data in this patient revealed hypoperfusion in the left posterior inferior temporal region 
(shown in red).
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however, the right hand may be paralyzed at least to a cer-
tain degree due to involvement of the hand area of the left 
primary motor cortex. Limb- kinetic apraxia seen in the left 
hand due to a lesion of the left premotor area is called sym-
pathetic apraxia. If the corpus callosum connecting the left 
and right premotor areas is damaged by an ischemic lesion 
in the anterior cerebral artery territory, the information 
from the left to the right premotor area is interrupted, so 
that the limb- kinetic apraxia occurs only in the left hand. 
This disconnection syndrome is called callosal apraxia. 
Some patients with a subcortical lesion in the ventral part 
of the left postcentral gyrus may present with apraxia in 
both hands, because the fiber tract projecting from the left 
parietal cortex to the left premotor area is damaged just 
before reaching the left premotor area.

Among neurodegenerative diseases, ideomotor apraxia 
and limb- kinetic apraxia are commonly seen in patients 
with corticobasal degeneration. In this condition, other 
motor abnormalities such as alien hand sign, utilization 
behavior, and diagonistic apraxia may also be seen. Alien 

hand sign is a goal- directed but unintended action of one 
hand which the patient cannot control. If the affected hand 
interferes with action of the other hand, it is called diago-
nistic apraxia. Patients with utilization behavior cannot 
resist grabbing and using presented objects. Utilization 
behavior is commonly seen in association with frontal lobe 
lesions, and may be categorized into the primitive reflexes 
in the broad sense (see Chapter 10- 2E) (Schott & Rossor, 
2003, for review).

Task- Specific Apraxia

Some cortical areas are known to be related to performance 
of specific tasks. The area including the supramarginal gyrus 
of the right parietal lobe shows specific apraxia for dressing 
if damaged (Figure 23- 1). In dressing apraxia, the patient 
is unable to figure out how to put on given clothes. There 
seems to be an area in the left parietal cortex that is engaged 
in calculation. Acalculia, finger agnosia, left- right disorien-
tation, and agraphia form Gerstmann syndrome due to a 
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Figure 23- 6 Cortical areas activated in the judgment task related to grasping. Graspable objects and nongraspable objects were visually presented to 
healthy subjects in a random sequence in an event- related functional MRI study. Greater activation was seen in the dorsal and ventral inferior parietal 
lobule (IPL) of the left parietal lobe and in the left premotor area in the graspable objects (Graspable) compared with the nongraspable objects (No). 
(Reproduced from Hattori et al, 2009, with permission).
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lesion of the left parietal lobe. In acalculia, patients tend to 
have greater difficulty in written calculation than in men-
tal calculation (see Chapter 22- 1C). In particular, patients 
make mistakes in the position of digits in vertically written 
calculation.

Mirror Neuron

Rizzolatti and his group found neurons in area 44 (F5 in 
monkey) of the inferior frontal gyrus that recognize actions 
of other people, and coined the term “mirror neuron.” 
These neurons are believed to recognize not just move-
ment itself but to recognize the goal of action, and even 
the intention and emotion of others (Rizzolatti & Fogassi, 
2014, for review). The unique function of these neurons 
has drawn special attention in relation to social communi-
cation. In fact, functional abnormality of mirror neurons 
has been proposed in children with autism such as Asperger 
syndrome, who have behavioral abnormalities because of 
difficulty in understanding actions and emotions of other 
people. It has been also reported that similar neurons are 
also present in the primary motor cortex, but only 30% of 
those neurons in the primary motor cortex are oriented to 
the action goal, whereas almost all neurons in area 44 are 
goal- oriented (Rizzolatti & Craighero, 2004, for review).

C .   R E C O g N I T I O N

Recognition of each sensory modality is believed to be 
primarily processed in the secondary sensory area that 
is located adjacent to each primary sensory area. For the 
somatosensory modality, areas 5 and 7 of the parietal cortex 
and the secondary somatosensory areas in the upper bank 
of the sylvian fissure are involved in somesthetic recogni-
tion. As for nociceptive recognition, however, other struc-
tures including the insula, amygdala, and anterior cingulate 
gyrus are also involved in particular relation to the emo-
tional response (see Figure 19- 4; see Chapter 19- 1; Box 84).

Disturbance of Auditory Recognition

The secondary auditory cortex is not clearly defined, but 
it is considered to be around the primary auditory cortex 
in the Heschl gyrus (see Figure 12- 2). From the results of 
evoked magnetoencephalographic studies, it is known that 
sounds of different pitch are received in different areas of 
the primary auditory cortex (tonotopic organization) (see 
Chapter  12- 1). Qualitative recognition of sounds seems 
to take place in the secondary auditory cortex. Clinically, 

some patients can hear a sound but cannot tell what the 
sound is (auditory agnosia). Judgment of the spatial source 
of sounds, as to where the sound came from, is believed to 
be recognized based on a subtle difference in the arrival 
time of sound at each ear and by processing of the time lag 
in the auditory cortex (Boxes 85, 86 and 87).

Higher Visual Functions and Their Disturbance

Processing of visual information has been extensively inves-
tigated. The primary visual area is area 17 (V1) located in 

BOX 84 SYNDROME OF ALICE IN WONDERLAND

A phenomenon in which a part of body or the whole body 

looks unreasonably large or small, or deformed, or arranged in   

abnormal topographic interrelationship to other parts of the 

body has been long recognized in the field of psychiatry. For 

this phenomenon, a British psychiatrist Todd (1955) coined 

the term “syndrome of Alice in Wonderland” based on the   

famous novel by Lewis Carroll. This phenomenon has been   

reported in patients with psychosis or in users of hallucino-

gens, but it may also occur as an aura in patients with mi-

graine or partial epilepsy. The underlying mechanism is not 

precisely known, but it is postulated to be caused by epilepto-

genic abnormality involving the higher somatosensory cortices 

or the area related to body image (Bayen et al, 2012). It is 

thought that the author of this novel, Carroll himself, might 

have had this syndrome.

BOX 85 AMUSIA

Loss of acquired musical abilities by a brain lesion is called 

music agnosia or amusia. For example, the patient becomes 

unable to distinguish the pitch of sounds, to recognize familiar 

music, to read scores, to sing familiar songs, to play learned 

instruments or to compose. Information processing of music 

is not simple, and it requires multiple complex factors: essen-

tial factors such as melody, time factor, and emotional aspect, 

and higher cortical functions such as learning, memory, and 

plasticity (Alossa & Castelli, 2009, for review). Thus, multiple 

neural circuits are expected to control the music, and no par-

ticular structure or hemispheric dominance is known to be the   

responsible site of amusia. Detailed analysis of the relation-

ship between the functional deficits and the sites of lesion in   

patients and functional neuroimaging studies in healthy sub-

jects might contribute to the understanding of the musical brain.
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the calcarine sulcus and the adjacent area. There is a pre-
cise topographic interrelationship between the retina and 
V1 (retinotopic organization). The secondary visual area 
(V2) is in areas 18 and 19. Projection from V2 is divided 
into two pathways: the ventral pathway, which goes to the 

temporal cortex and is primarily engaged in the processing 
of the shape of objects, and the dorsal pathway, which goes 
to the parietal cortex and primarily takes part in the pro-
cessing of spatial information. Thus, the ventral pathway is 
called the “what” pathway, and the dorsal pathway is called 
the “where” pathway (see Chapter 7- 1F).

If V1 is bilaterally damaged by an acute insult, the 
patient cannot see at all. This condition is called cortical 
blindness, and is distinguished from bilateral optic neuritis 
by an intact light reflex (see Chapter 8- 2). However, visual 
evoked responses may not be helpful in the distinction 
because they are expected to be absent in both conditions. 
In the recovery phase from cortical blindness, the patient 
can see objects but cannot recognize what they are unless 
he/ she touches them. This condition is called visual object 
agnosia. Furthermore, the object may look deformed to the 
patient (metamorphopsia).

Face recognition is processed in the fusiform gyrus at 
the mesial basal temporal cortex bilaterally, and a lesion of 
this structure causes inability to recognize familiar faces 
(prosopagnosia). In this condition, the patient can recog-
nize who the person is as soon as he/ she hears the voice. As 
for the hemispheric dominance, the right hemisphere used to 
be claimed to be dominant for this function, but it is still con-
troversial. Color recognition is believed to be processed also 
in a region similar to that for face recognition. Recognition 
of movement (visual motion) is known to be processed in 
the posterior part of the superior temporal sulcus (V5, MT 
in monkey) (Matsumoto et al, 2004a) (Box 88).

BOX 86 SAVANT SYNDROME

It is well known that some persons with diffuse cerebral dis-

turbance have an extraordinarily good ability in a special field. 

The special ability is not just preserved undamaged, but it is 

outstanding like a genius. This condition was named “savant,” 

which means a great scholar, by Down in 1887. This unique 

condition is mainly seen in men who have congenital brain 

disorders or autism, but it is also seen in patients with an ac-

quired brain lesion. Examples of the special ability are detailed 

knowledge about music and sports, absorption in and super 

memory of the number plate and maps (splinter skills), super 

ability and skill in music and arts (talented savant, prodigious 

savant), and so forth. Regardless of the kind of ability, the sa-

vant is especially good at memory. The underlying mechanism 

of this condition has not been clarified yet, although a plastic 

change is believed to play a primary role (Treffert, 2009 for re-

view). Application of various noninvasive techniques may help 

elucidate the mechanism.

BOX 87 VENTRILOQUIST EFFECT AND COCKTAIL PARTY EFFECT

It is easier to understand what another person is talking about 

if one watches his/ her mouth. This phenomenon is known as 

the ventriloquist effect, and is considered to be a result of in-

tegrative recognition of sensory input of different modalities— 

auditory and visual input in the above case. In relation to this, 

polysensory areas are known to exist; for example in the tem-

poroparietal junction, where evoked responses are recorded in 

response to all stimuli of somatosensory, visual, and auditory 

modalities (Matsuhashi et al, 2004).

In a noisy place like cocktail party, one can still hear what 

a particular person is talking about if one attends to his/ her 

voice. This cocktail party effect is considered to be mediated 

by a mechanism of selective attention. Where in the brain the 

selective attention takes place differs, depending on the kind 

of sensation. For the somesthetic modality, the selective atten-

tion is considered to take place in the secondary somatosen-

sory cortex, while the primary auditory cortex is important for 

the auditory modality.

BOX 88 WILLIAMS SYNDROME

This developmental abnormality of higher brain functions has 

drawn increasing attention in relation to the genetics of brain 

development. It involves infants before the age of 1 year with 

disturbance of visuospatial recognition, excessive emotional 

reaction (unusually sociable with a person whom he/ she has 

never met before), stereotypy, auditory hypersensitivity, and 

phobia about a certain sound. It is a unique condition in which 

the patient is above average or even superior in language de-

velopment, face recognition, interest and talent in music, and 

sociability. Physically, the child often has cardiovascular abnor-

mality, among others aortic stenosis, and facial deformity like 

elfin. Microdeletion of a gene on chromosome 7q11.23 was 

shown in this condition. A neuroimaging study in this condition 

reported a smaller volume of the parietal and occipital lobes 

but a larger volume of the face area of the fusiform gyrus than 

controls (Golarai et al, 2010).
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In relation to face recognition, the amygdala is believed 
to play an important role in the recognition of facial emo-
tion. Impairment of this function was reported in a unilat-
eral lesion of the amygdala on either side (Cristinzio et al, 
2010). In this relation, the ventromedial prefrontal cortex 
was shown to mediate visual attention during facial emo-
tion recognition (Wolf et al, 2014).

Visuospatial Agnosia

In processing visual spatial information, the secondary 
visual area in the right hemisphere is believed to be dom-
inant, because visuospatial agnosia commonly occurs in 
patients with right parieto- occipital lesions. For example, 
the patient is unable to count the number of visual targets 
presented simultaneously (agnosia of optic counting), 
to read a clock (agnosia of clock reading), to distinguish 
between near and far (agnosia of distance), or to under-
stand what is going on by looking at a complex visual scene 
(simultanagnosia). It is known that area 31 in the mesial 
parietal cortex is related to the processing of geographic 
information, and its damage causes a disturbance of head-
ing in the correct direction (topographic disorientation) 
(Takahashi et al, 1997; Baumann & Mattingley, 2010).

Gerstmann Syndrome

The left supramarginal gyrus is engaged in various import-
ant functions. In addition to writing and calculation as 
described above, it seems to be engaged in recognition of 
the left and right and that of fingers. Thus, its lesion causes 
left- right disorientation, finger agnosia, agraphia and 
acalculia; this condition is called Gerstmann syndrome. 
Furthermore, this condition is often accompanied by ide-
ational apraxia and constructional apraxia. There seems to 
be also a center related to the body image or body schema in 
the left parietal lobe, and its lesion causes inability to iden-
tify parts of one’s own body (autotopagnosia).

A question as to whether Gerstmann syndrome is due to 
a loss of focal cortical functions or disconnection of intercor-
tical connectivity has long been controversial, but Rusconi 
et al. (2010), based on the results of functional neuroimag-
ing studies, proposed that the syndrome might be primarily 
caused by subcortical disconnection in the parietal lobe.

Positive Symptoms of Higher Visual Functions

Some abnormalities of higher visual functions are thought 
to be positive symptoms. For example, a single object might 

look as if there is more than one (polyopia). Short pre-
sentation of an object might be followed by its repeated 
appearance (palinopsia). On the contrary, a patient may 
be unable to recall an image that has been just shown 
(Charcot- Wilbrand syndrome), although this does not 
belong to the positive symptoms.

A given sensory stimulus might be accompanied by sen-
sation of another modality in addition to its original sensa-
tion. This phenomenon is called synesthesia. For example, 
about 2% of healthy population sees color when they 
read characters (grapheme- color synesthetes) (Weiss &   
Fink, 2009).

As locations of the primary sensory areas for the olfac-
tory, gustatory, and vestibular sensations are not well 
defined, the distinction from each secondary sensory area 
is not precisely understood. As described in each respective 
chapter (Chapter 6- 1, Chapter 11- 1C, and Chapter 13- 1, 
respectively), the limbic system including the mesial tem-
poral cortex and insula is considered to be important for 
these functions.

2.   EXAMINATION OF LANgUAgE, PRAXIS, 
AND RECOgNIT ION

As for the patient’s state of language, praxis, and recogni-
tion, general information is usually obtained during the 
history taking. If any deficit in these functions is confirmed 
to be present, it provides an important clue to the anatomi-
cal diagnosis. Information about the patient’s handedness is 
important before evaluating these higher cortical functions. 
In order to assess these cortical functions correctly, it is a 
prerequisite that the patient does not have any general cog-
nitive impairment or dementia, but in some patients focal 
cortical symptoms such as aphasia, apraxia, and agnosia 
might be superimposed on general cognitive impairment. 
Furthermore, in the early clinical stage of Alzheimer dis-
ease or frontotemporal lobar degeneration, the patient may 
present solely with progressive aphasia, apraxia, or agnosia 
(primary progressive aphasia), and the general cognitive 
decline might appear later in the clinical course (Mesulam 
et  al, 2014). Therefore, this possibility should be kept in 
mind when the patient presents with any focal cortical 
symptom with progressive course.

A .   E X A M I N A T I O N  O F   L A N g U A g E  A N D  A P H A S I A

Language abnormality, if any, is usually noticed of during 
the history taking. When spontaneous speech is found 
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abnormal, first whether it is due to dysarthria or aphasia 
should be distinguished (see Chapter 14- 7). If the speech is 
difficult to understand but grammatically correct, it is more 
likely to be dysarthria than aphasia. In contrast, if there are 
grammatical errors, it is more likely to be aphasia. It is also 
useful to ask the patient whether he/ she finds it difficult to 
pronounce the words that he/ she has in mind or to com-
pose a sentence. In general, the patients with aphasia can 
sing songs that they have learned before or can make an 
exclamation like “ouch,” whereas those with dysarthria has 
difficulty also in singing or exclaiming because it involves 
the final common pathway for speaking.

Motor Aphasia

The patient with motor aphasia hesitates to talk because he 
is aware of his own mistakes. This condition is sometime 
called nonfluent aphasia. If the patient is asked to repeat 
a given syllable, word, or sentence, the syllable or word is 
replaced by a different syllable or word, respectively (para-
phasia). Motor aphasia is caused by a lesion of Broca’s area 
or adjacent structures in the left inferior frontal gyrus. As 
patients with motor aphasia also have difficulty in writing, it 
is important to test not only spoken language but also writ-
ten language.

Sensory Aphasia

In order to test the ability to understand spoken language, 
it is useful to give a verbal instruction to perform a complex 
motor task. If the patient is unable to do as instructed, it 
is useful to see how he/ she can imitate a motor task that 
is visually demonstrated by the examiner. If the patient can 
imitate, it suggests a problem in verbal comprehension (sen-
sory aphasia), but if he/ she cannot imitate, it might suggest 
a problem in motor execution (apraxia). The instruction 
to imitate the given motor task is usually understood even 
by the patient with sensory aphasia, if the instruction is 
given by the examiner’s gesture. If the patient is severely 
demented, however, this test is not possible.

Patients with typical sensory aphasia are usually talk-
ative, but their speech is totally incomprehensible, because 
they do not understand what they are saying. This condi-
tion is called jargon aphasia. Repetition of spoken words is 
also impaired in sensory aphasia. It is also important to test 
understanding of the written language (reading). Alexia 
with agraphia is caused by a lesion of the area including the 
angular gyrus of the left parietal lobe. If the supramarginal 

gyrus is also damaged, agraphia is seen together with the 
left- right disorientation, finger agnosia, and acalculia 
(Gerstmann syndrome).

Conduction Aphasia

In patients who are suspected of suffering from language dis-
turbance and yet showing apparently normal performance in 
the tests of understanding and spontaneous speech, it is nec-
essary to test repetition. If the arcuate fasciculus connecting 
Wernicke’s area and Broca’s area is disconnected, a difficulty 
in repeating verbally presented words might predominate the 
clinical picture (conduction aphasia). In this case, literal para-
phasia and verbal paraphasia are commonly seen (Box 89).

While testing the naming of objects by presenting a 
series of different pictures, some patients might answer the 
name of the object just presented on the preceding test. This 
phenomenon is called verbal perseveration. However, 
perseveration is also seen for motor tasks, and may be seen 
in patients with dementia like Alzheimer disease.

B .   E X A M I N A T I O N  O F   P R A X I S  A N D  A P R A X I A

Limb- kinetic apraxia can be noticed while carrying out 
the physical examination. In contrast, ideomotor apraxia 
might be detected for the first time by specifically asking 
the patient to make a gesture or pantomime tool use. For 
example, the patient is asked to salute with his hand, or to 
use a toothbrush, comb, or scissors or to imitate the use of 
those tools. The patient with ideomotor apraxia is unable or 
clumsy in doing these motor tasks. For testing the presence 

BOX 89 LANDAU- KLEFFNER SYNDROME

A child with epilepsy may develop difficulty in understanding 

the spoken language that he/ she has already learned (verbal 

auditory agnosia), and may become progressively aphasic. This 

condition is called Landau- Kleffner syndrome. In this condition, 

the type of epilepsy varies among patients, including simple 

partial motor seizure, atypical absence, and generalized convul-

sion. As a result of magnetoencephalographic studies, spikes 

have been shown to arise near the sylvian fissure on either 

side. It is postulated that involvement of the language area by 

epileptogenic activities might cause progressive aphasia (Cas-

tillo et al, 2008).

 

 

 

 

 



23.  APHASIA, APRAXIA , AND AgNOSIA 233

or absence of ideational apraxia, it is useful to adopt a 
motor task that uses two or more kinds of tools in combina-
tion. For example, the patient is given a piece of paper and a 
pair of scissors and asked to cut the paper in half, or to brush 
his teeth with a toothbrush and toothpaste. For detecting 
dressing apraxia, it is important to ask the patient to actu-
ally put on a folded piece of clothing.

Inability to continue a motor task in spite of the absence 
of sensorimotor disturbance might be called motor imper-
sistence. However, a similar condition might also be seen 
in association with poor motivation or lack of motor atten-
tion. Some investigators include inability to perform two 
different motor tasks simultaneously (simultanapraxia) 
in the concept of motor impersistence. Simultanapraxia 
is believed to occur with right frontal lobe lesions (Sakai 
et al, 2000).

While examining a series of different motor tasks, the 
patient might repeat the motor task that he/ she did just 
before. Just as in the case of language, this phenomenon is 
called perseveration.

Gait Apraxia and Freezing of Gait

Gait apraxia is defined as inability to start walking in 
patients with no bradykinesia or rigidity in the supine posi-
tion. In most cases of so- called gait apraxia, the disturbance 
is due to freezing of gait or akinesia, because the patient 
has difficulty in moving legs also in the supine position. 
Paradoxical kinesia (see Box 70) is seen in association with 
both gait apraxia and freezing of gait.

C .   E X A M I N A T I O N  O F   R E C O g N I T I O N  A N D 
A g N O S I A

Recognition related to the somatosensory system includes 
stereognosis, graphesthesia, two- point discrimination, 
baroesthesia, and touch localization (see Chapter 19- 1 and 
Table 19- 1). For the auditory sense, identification and spatial 
localization of the source of sound are tested as necessary.

Visual Recognition

Presented with objects or their pictures, the patient is asked 
to answer the name, size, and color of the objects. However, 
if the patient has difficulty in naming, then presented with 
two or more objects or their pictures of different quality 
(for example of different color or shape), the patient is asked 
whether they are the same or different. Likewise, presented 

with two visual targets at different distances from the patient’s 
eyes, the patient is asked to judge which is near and which 
is far. For testing visuospatial recognition, presented with a 
picture of clock without digits, the patient is asked to read 
the time (if impaired, agnosia of clock reading). Likewise, 
shown different numbers of fingers on the examiner’s two 
hands, the patient is asked to tell how many fingers are seen 
in total. Alternatively, presented with two large circles con-
taining different numbers of small dots in them, the patient 
is asked to tell the total number of small dots (if impaired, 
disturbance of optic counting). Furthermore, presented 
with a cartoon scene, the patient may be asked to tell what is 
going on in the scene. Inability to judge the situation is called 
simultanagnosia.

Hemispatial Neglect

When disturbance of visual attention or visual recogni-
tion is limited to the left or right side, it is called hemispa-
tial neglect. To test this, the patient may be asked to divide 
a straight line into two or three equal parts. Alternatively, 
presented with a large number of small marks drawn on a 
sheet of paper, the patient is asked to cross out all the sig-
nals with a pencil. In this test, the signals on the neglected 
side may remain uncrossed. Furthermore, the patient 
with hemispatial neglect may neglect a half of his/ her 
own body, like forgetting to shave one side of the face. As 
visual attention is primarily controlled by the right hemi-
sphere, hemispatial neglect is commonly seen on the left 
half. To confirm the presence of hemispatial neglect, it is 
important to exclude hemianopsia. In practice, however, 
as the visual field test is often difficult to carry out in this 
situation because of poor visual attention, it may have to 
be judged by the confrontation test (see Chapter  7- 2B) 
(Box 90).

Patients with a gross vascular lesion in the right hemi-
sphere might deny the presence of left hemiplegia, which is 
called anosognosia (Orfei et al, 2007).

D.   U S E  O F   S I M P L E  T E S T  B A T T E R Y

As the time spent for the whole neurologic examination 
might be limited in the daily clinical setting, it is useful 
to prepare a simple battery of tests covering most of the 
important aspects of higher brain functions. An example 
battery is shown in Figure 23- 9. Of course, this is just for 
a screening test, and a detailed evaluation has to be done as 
necessary.
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Figure 23- 9 A simple battery for testing language, praxis and recognition in the bedside examination, which was used in the University of Minnesota 
Hospital when one of the authors (HS) was a neurology resident there. The two figures on the top left are for testing recognition of the shape and 
naming. The picture of a baby is for testing naming and judgment of the left and right. The picture of clock is used for testing naming and visuopatial 
recognition, and two pictures on the bottom left are for naming and praxis pantomime.

BOX 90 BALINT SYNDROME

This unique syndrome is characterized by disturbance of visual attention and visually guided praxis. This condition had been de-

scribed since the end of the 19th century, but in 1909 Balint coined the term “optische Ataxie.” A triad of this syndrome is formed 

by optic ataxia (difficulty in grasping a visually presented target), psychic paralysis of gaze, and disorder of spatial attention (Pisella 

et al, 2008). The patient with this syndrome keeps fixating his/ her gaze on a spot in space and is unable to direct his visual atten-

tion to the approaching examiner. If the patient is asked to grasp an object, his/ her hand misses the target by far (Figure 23- 7). 

There is no clear hemianopsia, but the patient tends to neglect one side. This condition is caused by bilateral ischemic lesions of the 

parieto- occipital junction, which is a watershed area between the middle and posterior cerebral arteries, as a result of hemodynamic 

change with hypoperfusion (see Chapter 2- 4) (Figure 23- 8). In most cases, the predominant lesion is on the right hemisphere, but 

the original case reported by Balint was on the left.

Figure 23- 7 Inability to grasp a visual target seen in a patient with Balint 
syndrome. (With the patient’s permission)

Diffusion MRI

R

FLAIR MRI

Figure 23- 8 MR images of the patient shown in Figure 23- 7, showing 
infarctions in the bilateral parieto- occipital junction areas, predominantly 
affecting the right.
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24.

PAROXYSMAL AND FUNCTIONAL DISORDERS

E pileptic seizures, migraine, and sleep disorders might 
eventually be classified into organic diseases at the 
histological, cellular, or molecular level, but in this 

book, these disorders are described in a category of parox-
ysmal or functional disorders. In most cases of these dis-
orders, patients may not show any neurologic abnormality 
during the physical examination. Therefore, the history 
taking and laboratory examinations are quite important for 
diagnosis of these conditions. The term “functional” has a 
variety of meanings, and is now often used as a synonym 
for “psychogenic.” Here it refers to a disorder of function 
in an episode without a constant abnormality.

1.   EPILEPSY AND CONVULSION

Epileptic seizure is defined as “transient occurrence of 
symptoms and/ or signs due to abnormal excessive or syn-
chronous neuronal activity in the brain.” It is currently 
considered that most cases of epileptic seizures are based 
on organic cerebral lesions. The prevalence of epilepsy is 
believed to be as high as 0.5% of the population.

A .   C L A S S I F I C A T I O N  O F   E P I L E P T I C  S E I Z U R E S

Classification of epileptic seizures was proposed by the 
International League Against Epilepsy (ILAE) in 1981, 
and then it was revised twice, first in 1989 and then in 
2010. In this book, classification of epileptic seizures is 
explained by using the 2010 classification of the ILAE 
(Berg et al, 2010).

Epileptic seizures are largely classified into three 
groups: generalized seizures, focal seizures, and unknown, 
and the first two groups are further classified into sub-
groups mainly based on the clinical manifestations (Table 
24- 1). Generalized epileptic seizures are defined as 

TABLE 24-  1   CLASSIFICATION OF EPILEPTIC SEIZURES BY ILAE 
COMMISSION

I. Generalized seizures

A. Tonic- clonic (in any combination)

B. Absence

1. Typical

2. Atypical

3. Absence with special features

Myoclonic absence

Eyelid myoclonia

C. Myoclonic

1. Myoclonic

2. Myoclonic atonic

3. Myoclonic tonic

D. Clonic

E. Tonic

F. Atonic

II. Focal seizures

A. Without impairment of consciousness or awareness.

1.  With observable motor or autonomic components. This roughly 
corresponds to the concept of “simple partial seizure.”

2. Involving subjective sensory or psychic phenomena only.

B.  With impairment of consciousness or awareness. This roughly 
corresponds to the concept of “complex partial seizure.”

C.  Evolving to a bilateral, convulsive seizure (involving tonic, clonic, 
or tonic and clonic components). This expression replaces the 
term “secondarily generalized seizure.”

III. Unknown

A. Epileptic spasms

SOURCE: Berg et al, 2010.
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seizures occurring in and rapidly engaging bilaterally dis-
tributed networks, and focal epileptic seizures are seizures 
occurring within networks limited to one hemisphere and 
either discretely localized or more widely distributed (Berg 
et al, 2010). Theoretically, generalized epileptic seizures in 
the strict sense are considered to be extremely rare, because 
even generalized tonic- clonic seizures may actually start 
focally and be secondarily generalized. In this case, an epi-
leptogenic focus, if any, may not be detected by the routine 
laboratory examination. In contrast, typical absence sei-
zure (petit mal), which is characterized by a short lapse of 
consciousness and an EEG burst of bilaterally synchronous 
high amplitude 3- Hz rhythmic spike- and- wave discharges 
(Figure 24- 1) may be considered as a typical example of 
generalized epilepsy.

1)  Focal Epileptic Seizures

Focal seizures are classified into three groups: group A with-
out impairment of consciousness or awareness, group B 
with impairment of consciousness or awareness, and group 
C evolving to a bilateral, convulsive seizure. Group A  is 
further classified into group A1, with observable motor 
or autonomic components, and group A2, involving sub-
jective sensory or psychic phenomena only. Group A1 
roughly corresponds to simple partial seizure of the 1981 
ILAE classification (Commission on Classification and 
Terminology of the International League Against Epilepsy, 

1981). Group B roughly corresponds to complex partial 
seizure, and group C corresponds to secondarily general-
ized seizure of the 1981 classification. Group A1 (simple 
partial seizure) may be further divided into neocortical epi-
lepsy and mesial temporal lobe epilepsy depending on the 
source of epileptogenic focus.

A representative form of neocortical focal seizure is 
focal motor seizure, which originates from the primary 
motor cortex (MI) and manifests itself as tonic and/ or 
clonic convulsion in the corresponding part of the body. 
A  form of focal motor seizure characterized by marching 
of the convulsion according to the MI somatotopy is called 
Jacksonian seizure. Focal motor seizure is commonly fol-
lowed by transient weakness of the involved extremity 
(postictal paralysis, Todd paralysis). Seizures arising from 
the supplementary motor area (SMA) might show bilateral 
dystonic posturing and bizarre movements (Figure 24- 2).

Simple partial seizure originating from the primary 
somatosensory cortex (SI) manifests itself with abnormal 
sensation on the corresponding part of skin, which might 
spread according to the SI somatotopy just as in the case of 
motor seizure. In the focal seizure originating from supple-
mentary motor area (SMA) or insular cortex, pain might be 
one of the ictal symptoms. Painful somatosensory seizures 
often originate in the operculo- insular cortex (Montavont 
et al, 2015). A focal seizure arising from the occipital cortex 
may present with a flash of light. In many cases of neocorti-
cal partial epilepsy, cortical dysplasia is found by detailed 
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Figure 24- 1 EEG of a 13- year- old patient with petit mal during hyperventilation. A burst of bilaterally synchronous rhythmic high amplitude 3 Hz spike- and- 
wave discharges is seen.
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Figure 24- 2 Bilateral dystonic posturing seen in a 21- year- old patient with SMA seizure. (Courtesy of Dr. Akio Ikeda of Kyoto University)

neuroimaging studies, which may be a candidate for surgi-
cal treatment (Kim et al, 2009).

Mesial Temporal Lobe Epilepsy

Epilepsy originating from the mesial temporal cortex 
(mesial temporal lobe epilepsy, MTLE) is the common-
est form of epilepsy in adults. Clinically, MTLE presents 
with various neurologic symptoms:  sensory symptoms, 
autonomic symptoms, abnormal emotion, and abnormal 
thought or behavior. Sensory symptoms of mesial temporal 
lobe origin include sensation of abnormal smell (uncinate 
fit), abnormal taste (gustatory seizure), and vertigo (ver-
tiginous seizure, epileptic vertigo) (Tarnutzer et al, 2015). 
The most common autonomic symptom is a sensation of 
nausea ascending from the epigastrium (epigastric ris-
ing sensation). Other autonomic ictal symptoms include 
bradycardia, facial pallor, flushing, sweating, and mydria-
sis. Cardiac or autonomic involvement might lead to sud-
den unexpected death in epilepsy (SUDEP), especially in 
patients with longstanding and medication refractory epi-
lepsy (Bermeo- Ovalle et al, 2015, for review). Apnea might 

also be an ictal symptom, although its origin has not been 
confirmed (ictal apnea) (Tezer et al, 2009).

Emotional symptoms include sudden attacks of feeling 
of fear, anxiety, or pleasure. Sudden attacks of hallucina-
tion might be a manifestation of MTLE (hallucinatory 
seizure). In a hallucinatory seizure, the patient always sees 
the same concrete landscape or situation during the attacks. 
Furthermore, the patient may feel as if a totally new situa-
tion has already been seen before (déjà vu), or to the con-
trary, the patient may feel as if the familiar situation has 
never been seen before (jamais vu).

Attacks characterized by abnormal behavior or 
actions are called automatism or psychomotor seizure. 
Consciousness is impaired in most cases. Typically, the 
patient first feels an epigastric rising sensation, followed by 
loss of consciousness, and may show chewing movement 
of the mouth or rubbing movement of the hands, but does 
not respond to a verbal call. The patient may even walk or 
move about during the ictal episode, but the patient does 
not recall the abnormal behavior at all after the episode. 
Dystonic posture may be seen in the upper limb contralat-
eral to the epileptic focus and may evolve to a generalized 
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convulsion. After the generalized convulsion, the patient 
appears obtunded for a short time. The EEG often shows 
spikes in the temporal region even during the intervals 
(Figure 24- 3) (Box 91).

2)  Generalized Epileptic Seizures

Most of the above- described simple partial seizures may 
evolve to generalized seizures. Those prodromal symp-
toms and/ or signs occurring before the generalization 
are called aura. Focal seizure symptoms are common in 
idiopathic generalized epileptic seizures (Seneviratne 
et al, 2015).

Generalized tonic- clonic seizures are characterized by 
bilateral tonic extension of the trunk and limbs followed 
by synchronous muscle jerking associated with loss of con-
sciousness. There may be a loud vocalization during the 
attacks. Postictally, patients are often lethargic and confused 
for various lengths of time. Ictal and interictal EEG shows 
a burst of generalized high- amplitude spike- and- waves, but 
the burst may not start synchronously and often starts with 
focal paroxysmal abnormalities.

A typical absence seizure (petit mal) is an attack of 
lapse lasting about 5 seconds. For example, a child sud-
denly stops moving while eating and cannot respond to 
the surroundings. Frequent blinks might be seen during 

the episode. Ictal as well as interictal EEG shows a burst 
of bilaterally synchronous high  amplitude 3  Hz rhythmic 
spike- and- wave discharges (Figure 24- 1). The EEG burst is 
characteristically induced or enhanced by hyperventilation.
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Figure 24- 3 Interictal EEG of a patient with psychomotor seizure. Rhythmic spikes are seen 
at the left temporal leads (F7, T3).

BOX 91 gELASTIC EPILEPSY (ICTAL LAUgHTER)

Epilepsy characterized by laughter is called gelastic epilepsy 

or ictal laughter. Laughing in this condition is considered to be 

unaccompanied by funny emotion (mirthless laughter). Laugh-

ter might be either the only ictal symptom or may be accom-

panied by other symptoms. It may change to other forms of 

partial epilepsy or to generalized convulsion during the clinical 

course. Laughing may be seen as a part of ictal symptoms 

due to cortical epilepsy, but its relationship with hypothalamic 

hamartoma has drawn special attention. A study of 100 cases 

of hypothalamic hamartoma showing ictal laughter in the Unit-

ed States reported the onset of attacks during infancy, mental 

retardation in 43% of the patients, and precocious puberty in 

21% (Parvizi et al, 2011). The hamartoma is commonly locat-

ed in the posterior hypothalamus at the level of mammillary 

bodies (see Figure 28- 1), and the tumor is especially large in 

patients associated with mental retardation and precocious 

puberty.
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Stimulus- Sensitive and Task- Specific Epilepsy

Most epileptic seizures occur spontaneously without any 
precipitating factor, but some seizures are sensitive to a spe-
cific stimulus or occur during performance of a certain task. 
A typical example of stimulus- sensitive epilepsy is photo-
sensitive epilepsy, such as TV anime- induced (animation) 
epilepsy. In this case, EEG spikes are often induced by pho-
tic stimulation, and sensitivity to the kind of visual stimulus 
differs among patients (Takahashi, 2008). Task- specific epi-
lepsy occurs during performance of a specific task or game 
such as playing chess, calculating, and listening to a special 
kind of music. In the latter case, the attack tends to occur 
while listening to a particular piece of music composed by a 
specific composer.

Autosomal dominant lateral temporal lobe epi-
lepsy is induced by auditory stimulus in children or young 
adults. Several point mutations of the LGI1 (leucine- rich 
glioma inactivated- 1) gene have been identified, and phe-
notypes are also different among families (Kawamata et al, 
2010). Following auditory or visual hallucination as an 
aura, marked psychiatric symptoms appear and in some 
cases may evolve to generalized convulsion. Autosomal 
dominant nocturnal frontal lobe epilepsy is considered 
to be an ion channel disorder of the acetylcholine receptor 
(see Chapter 25- 1A). Recently, genetic epilepsy has drawn 
increasing attention. Even focal epilepsy could be genet-
ically inherited, like glucose transporter type 1 (Glut1) 
defects (Wolking et al, 2014).

B .   D I A g N O S I S  O F   E P I L E P S Y

As it is rare to encounter the ictal episode in the clinic, its 
clinical diagnosis primarily depends on the information 
obtained from the patient or the witnesses. Since an epi-
leptic attack is caused by pathological hyperexcitation of 
a certain neuronal group, an important feature of epilepsy 
is a repeated occurrence of the same symptomatology in 
all ictal episodes. The kind of ictal symptoms depends on 
which part of the cerebral cortex is involved by the epilep-
togenic activity. Although some patients might have more 
than one epileptogenic focus, the ictal pattern is expected 
to be stereotyped for each focus. It has to be kept in mind, 
however, that the attacks originating from the same epi-
leptogenic focus might differ among attacks in its severity 
ranging from a mild attack to a severe one. In MTLE, it 
ranges from aura to psychomotor seizure.

When examining the paroxysmal disorders, it is 
important to obtain information about when and in which 

circumstances the attacks occur, and about the presence 
of any precipitating factor. For example, the periodicity of 
seizure recurrence might be associated with the menstrual 
cycle (catamenial epilepsy). Furthermore, in patients who 
are taking antiepileptic drugs, it is important to know 
whether the patient is taking the medication as prescribed 
or not. When there is any possibility about psychogenic 
non epileptic seizure (PNES) (pseudoseizure), it is useful 
to carry out long- term video- EEG monitoring in the hospi-
tal. In patients with epileptic seizures, EEG and neuroimag-
ing study are always indicated.

Furthermore, since an epileptic seizure might be a man-
ifestation of systemic diseases, a possibility of symptomatic 
epilepsy has to be taken into account. Brain tumors com-
monly cause convulsive seizures. Systemic lupus erythema-
tosus (SLE) might start with generalized convulsion, and 
metabolic abnormalities such as electrolyte abnormalities 
and endocrine disorders might underlie epileptic seizures. 
In children, in addition to general physical examination, 
careful observation of skin for congenital lesions (nevus) 
is important. Among others, angiofibroma on the face sug-
gests tuberous sclerosis as an underlying cause of seizure (see 
Figure 3- 1).

Generalized convulsion may occur in the acute phase 
of severe head injury, but the first seizure may occur several 
months after the head trauma (posttraumatic epilepsy). Its 
underlying mechanism might differ among cases, but scar 
formation following cerebral contusion is considered to 
be an important factor. In elderly people, epileptic attacks 
related to strokes are not rare (Box 92).

Evaluation of Medically Intractable Epileptic Seizures

Medically intractable epileptic seizures are defined as epi-
leptic attacks that occur more than once a month in patients 
who are taking the appropriate dose of appropriate kinds 
of antiepileptic drugs. In this case, it is useful to admit the 
patient in a hospital where the epilepsy specialist is available 
and to confirm the presence of epileptic seizures, to classify 
the seizure and to look for the presence of any organic brain 
lesion (American Clinical Neurophysiology Society, 2008; 
Kanazawa et al, 2015; Usui et al, 2015). If an organic lesion 
is discovered or if a single epileptogenic focus is detected, it 
might be possible to treat the patient surgically after care-
fully evaluating functions of the brain areas surrounding the 
epileptogenic focus (Shibasaki et  al, 2007, for review). In 
MTLE, which is the most common form of epileptic seizures 
in adults, partial resection of anterior part of the temporal 
lobe or selective resection of the amygdala and hippocampus 
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is effective in about two- thirds of cases (Engel et al, 2003). 
In epileptic seizures of neocortical origin, however, there is 
no definitive conclusion as to the effect of surgical interven-
tion ( Jeha et al, 2007; Cho et al, 2014).

Psychogenic Nonepileptic Seizures

Some seizures may look like epileptic seizures but are not 
associated with any epileptic discharge of cerebral neurons. 
Psychogenic nonepileptic seizures (PNES) often present a 
diagnostic problem. Generally speaking, during convulsive 
seizures associated with impairment of consciousness, the 
patient’s eyes are open. Therefore, if the eyes are kept closed 
during the convulsive seizures, it is more likely to be psycho-
genic. Furthermore, if a convulsion seen during the attack 
looks unusual for the ordinary convulsive seizure, it may 
make the examiner suspect a possibility of PNES. However, 
autosomal dominant nocturnal frontal lobe epilepsy may 
manifest itself as extremely bizarre movements. If there is 
any doubt about the diagnosis, long- term video- EEG mon-
itoring is indicated.

2.   HEADACHE AND MIgRAINE

A .   C L A S S I F I C A T I O N  O F   H E A D A C H E

Headache is one of the most common symptoms present-
ing in the neurology clinic, and it is caused by a variety of 
mechanisms. Among the cranial structures, pain receptors 
are present only in the scalp, its subcutaneous tissue, skull 
bones, meninges, walls of blood vessels, and cranial nerves 
possessing somatosensory fibers. There is no pain receptor 
in the brain parenchyma. That is why stereotactic surgery 
can be done without general anesthesia. Headache is clas-
sified by the International Headache Society into three 
groups:  the primary headaches, the secondary head-
aches, and painful cranial neuropathies, other facial pains, 
and other headaches (Table 24- 2) (Headache Classification 
Subcommittee of the International Headache Society 
[IHS], 2013).

When a patient with headache is seen in the clinic, 
it is most important not to overlook the secondary or 
symptomatic headache due to organic lesion of intra-  as 
well as extracranial structures. Headache due to intra-
cranial hemorrhage or tumor used to be called traction 

TABLE 24-  2  INTERNATIONAL CLASSIFICATION OF HEADACHE

The primary headaches

1. Migraine

2. Tension- type headache

3. Trigeminal autonomic cephalalgias

4. Other primary headache disorders

The secondary headaches

5. Headache attributed to trauma or injury to the head and/ or neck

6. Headache attributed to cranial or cervical vascular disorder

7. Headache attributed to nonvascular intracranial disorder

8. Headache attributed to a substance or its withdrawal

9. Headache attributed to infection

10. Headache attributed to disorder of homoeostasis

11.  Headache or facial pain attributed to disorder of the cranium, 
neck, eyes, ears, nose, sinuses, teeth, mouth, or other facial or 
cervical structures

12. Headache attributed to psychiatric disorder

Painful cranial neuropathies, other facial pains, and other headaches

13. Painful cranial neuropathies and other facial pains

14. Other headache disorders

Source: Headache Classification Subcommittee of the International Headache Soci-
ety, 2013.

BOX 92 CEREBROVASCULAR DISEASES AND EPILEPSY

The most common cause of the first seizure in elderly people 

is cerebrovascular disease. A seizure in the acute phase of the 

first stroke is not rare, although the prevalence varies among 

reports. A  survey of 714 cases of strokes in Italy showed   

occurrence of seizures during the acute phase in 6.3% of all 

cases. Among those cases with seizures, 16.2% had intrace-

rebral hemorrhage, 12.5% had cerebral infarction evolving to 

hemorrhage, and 4.2% had cerebral infarction (Beghi et  al, 

2011). Regardless of the kind or location of the stroke, ep-

ilepsy was particularly common in those cases with strokes 

involving the cerebral cortex. In contrast, the prevalence of post- 

stroke seizures varies among different reports, but according to 

the study by Myint et al. (2006), about 10% of the patients with 

stroke develop seizures within 5 years. Risk factors for cere-

bral infarction to cause post- stroke seizures include severity of 

acute phase, severity of residual symptoms, number and size of 

infarctions, degree of cortical damage, and involvement of the 

hippocampus. A long- term follow- up study of a large number of 

patients with subarachnoid hemorrhage (SAH) from saccular in-

tracranial aneurysm in Finland showed a cumulative incidence 

of epilepsy of 12% at 5 years (Huttunen et al, 2015). It was 

especially common in those patients with SAH associated with 

intracerebral hemorrhage.
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headache, and nowadays its diagnosis is relatively easy 
with the aid of neuroimaging techniques. It is especially 
important to keep in mind that headache is often caused 
by ophthalmological disorders; diseases of ear, nose, and 
pharynx; dental and oral diseases; and disorders of cer-
vical spine. Headache due to cerebrovascular diseases, 
fever, and hypertension is common and used to be called 
nonmigrainous vascular headache. Headache due to 
intracranial hypertension is commonly accompanied by 
nausea and vomiting and is characterized by its aggrava-
tion when awake in the morning (morning headache, 
morning vomiting). This is considered to be due to an 
increase in the blood carbon monoxide level as a result 
of nocturnal hypoventilation, which causes an increase 
in intracranial arterial perfusion, resulting in intracranial 
hypertension in the morning.

Intracranial hypertension with no causative space- 
occupying lesion (idiopathic intracranial hypertension) 
used to be called pseudotumor cerebri. It is commonly asso-
ciated with endocrine/ metabolic abnormalities, drugs, and 
high protein concentration in the cerebrospinal fluid, and 
some investigators include intracranial venous sinus throm-
bosis in this category.

Severe headache may occur due to a sudden decrease in 
intracranial pressure. A typical example is post- lumbar punc-
ture headache, which occurs after traumatic lesion of the 
dura mater by lumbar puncture for the purpose of examin-
ation or anesthesia (Box 93). Headache may be also caused by 
a spontaneous drop in intracranial pressure with no preceding 
lumbar puncture (spontaneous intracranial hypotension). 
Spontaneous leakage of the cerebrospinal fluid is considered 
to be its main cause (Schievink et al, 2015). In this condition, 
the T1- weighted MR image with gadolinium characteristi-
cally shows diffuse enhancement of the dura mater.

B .   M I g R A I N E  A N D  R E L A T E D  D I S O R D E R S

In contrast with the secondary (symptomatic) headaches, 
the primary headaches may be called functional headaches, 
and migraine and tension headache are two representative 
forms of this category. Migraine is characterized by repeti-
tion of paroxysmal headaches with no symptom during the 
intervals. Migraine is often inherited in autosomal domi-
nant transmission. Many attacks of migraine are preceded 
by aura, most commonly a flashing light in a hemifield or 
in the rim of a hemifield in a crescent shape (scintillating 
scotoma). Aura is believed to be caused by enhanced sus-
ceptibility to cortical spreading depression, which increases 
sensitivity to focal cerebral ischemia (Ferrari et al, 2015, for 

review). It may present a positive symptom like scintillat-
ing scotoma or a negative symptom like hemianopsia. In 
the following phase, the corresponding artery dilates and 
activates pain receptors in the arterial wall, which is felt 
as a throbbing headache. Thus, the kind of aura depends 
on which artery is involved by the migraine, namely, scin-
tillating scotoma or hemianopsia in the territory of poste-
rior cerebral artery, blindness of one eye in the ophthalmic 
artery (retinal migraine), and brainstem symptoms in the 
vertebrobasilar artery (basilar artery migraine).

In some attacks of migraine, a neurologic deficit seen as 
an aura might continue during or even after the migraine 
attack, like hemiplegic migraine and ophthalmoplegic 
migraine. These forms of migraine are usually inherited in 
autosomal dominant transmission. Familial hemiplegic 
migraine is often associated with spinocerebellar ataxia 6 
(SCA6) or episodic ataxia, or both, and is considered to be 
a calcium channel disorder (see Chapter 25- 1A).

When examining patients with headache, it is of utmost 
importance to obtain detailed information about the nature 
of the headache, including the presence or absence of any 
precipitating factor such as food and action, time of the day, 
and relationship to menstruation in case of women. If the 

BOX 93 POST- LUMBAR PUNCTURE HEADACHE

This is a typical example of headache due to a sudden drop in 

intracranial pressure. The headache begins several seconds 

after standing up from the lying position, reaches its peak 

within 1 minute, and disappears within 20 seconds after re-

turning to the lying position. The kind and degree of headache 

differs greatly among subjects. It is relatively more common 

in young women. Although the mechanism of post- lumbar 

puncture headache is not precisely known, it is believed that 

intracranial pain receptors are pulled downward because of a 

decreased amount of cerebrospinal fluid (CSF). On the other 

hand, based on the fact that extradural blood patch is effec-

tive, it is postulated that the split injury caused by dural punc-

ture persists and the CSF leaks out through the split in the 

upright position. In order to prevent this headache, it is import-

ant to use as small a puncture needle as possible, to match 

the slant of the needle tip to the direction of dural fibers, to 

not rotate the needle after puncture, and to keep the patient 

supine for at least 2 hours after the puncture. The headache 

will improve spontaneously with water supplementation and 

by keeping the lying position, but when it is severe, epidur-

al patch of the split with the patient’s own blood is effective 

(Bezov et al, 2010).
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headache fluctuates in its severity in synchrony with the 
arterial pulsation, it is called throbbing headache or pulsat-
ing headache. The pathological mechanism of migraine has 
not been fully clarified yet, but pharmacologically a decrease 
in blood serotonin level is believed to play a primary role. 
Drugs acting on the serotonin receptor are effective in many 
cases. For the treatment of migraine, subcutaneous injection 
of sumatriptan succinate 6 mg, or oral administration of zol-
mitriptan 2.5 ~ 5.0 mg or ergotamine tartrate 1 ~ 2 mg is 
usually effective. If the above initial dose of ergotamine tar-
trate is not effective, it may be repeated every 30 minutes, 
but it should not exceed 6 mg in total for one attack.

A migraine attack might be complicated by cerebral 
infarction (migrainous cerebral infarction), although 
this is rare. This condition is relatively common in young 
women with migraine starting with aura in the posterior 
cerebral artery territory. If neurological deficits continue 
after the migraine attack, it is necessary to examine the 
patient with diffusion MRI (Wolf et al, 2011).

Cluster Headache

This type of paroxysmal headache begins with severe pain 
in the deep orbit and is associated with autonomic symp-
toms such as conjunctival hyperemia, lacrimation, nasal 
obstruction, nasal discharge, facial sweating, miosis, pto-
sis, and palpebral edema. This kind of migraine used to be 
called histamine headache or Horton’s headache, but now it 
is called cluster headache or trigeminal autonomic ceph-
alalgia. It is common in young men and induced by ethanol 
and nitroglycerin. An attack lasts 15 minutes to 3 hours, 
and it tends to occur in repeated clusters over a period of 
several days to more than a month. Subcutaneous injection 
of sumatriptan is effective in some cases.

Reversible Cerebral Vasoconstriction Syndrome

This condition is clinically similar to migraine because of 
repeated attacks of severe headaches over a period of about 
a week, and because it may be associated with focal neu-
rologic symptoms (Chen et  al, 2015). It is characterized 
by angiographic finding of bead- like appearance of arter-
ies (Ducros et al, 2007). Some cases of this condition may 
develop subarachnoid hemorrhage or reversible posterior 
leukoencephalopathy as complications.

C .   T E N S I O N -  T Y P E  H E A D A C H E

This type of headache is as common as migraine, and is con-
sidered to be due to abnormal contraction of the muscles 

surrounding the cranium. It used to be called muscle con-
traction headache, and is characterized by a feeling of 
the head tightened by a headband. It is often influenced 
by weather and the patient’s mood. In clinical practice, it 
is common to see a combination of tension- type headache 
and migraine in the same patient.

3.   SLEEP DISORDERS

Sleep disorders are an important topic of clinical neurol-
ogy because they are much more common than thought, 
and they may be results of functional or organic brain 
disorders. Based on the EEG and behavioral characteris-
tics, sleep is divided into two stages: rapid eye movement 
sleep (REM sleep) and non- REM sleep (NREM sleep, 
slow wave sleep). Non- REM sleep is further divided into 
three stages: N1, N2, and N3, corresponding to NREM 
stage 1, stage 2, and stage 3 plus 4 of the Rechtschaffen 
and Kales classification, respectively (Table 24- 3) (Silber 
et al, 2007). In the REM stage, the EEG is similar to the 
waking EEG, but it is characterized by the occurrence 
of rapid eye movements and a decrease or loss of muscle 
discharge in the jaw muscles. The subject usually dreams 
during REM sleep. The mechanism of sleep stages has 
been extensively investigated physiologically as well as 
pharmacologically.

Sleep disorders are classified into insomnias, sleep- 
related breathing disorders, hypersomnias, circadian 
rhythm sleep disorders, parasomnias, and sleep- related 
movement disorders. As most patients with sleep disor-
ders are not aware of their trouble at night, it is important 
to obtain information from their family or persons who 
live with them. The patients often visit the clinic with the 
chief complaint of daytime sleepiness. The most useful test 
for sleep disorders is polysomnography (PSG) in which 
EEG, surface EMG, electrocardiogram, electrooculo-
gram, respiration, and blood oxygen saturation are simul-
taneously monitored throughout the nocturnal sleep.

A .   O B S T R U C T I V E  S L E E P  A P N E A -  H Y P O P N E A 
S Y N D R O M E

Transient arrest or decrease of breathing during sleep is 
believed to be relatively common in adults. In this condi-
tion, breathing suddenly stops and recovers spontaneously 
in 10 ~ 15 seconds, during which time the blood oxygen sat-
uration is also decreased. The PSG during this episode shows 
loss of nasal airflow in spite of the presence of the thoracic 
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and abdominal excursion. This syndrome is commonly seen 
in markedly obese persons and is also called pickwickian 
syndrome. Daytime sleepiness is common because the 
patient wakes up frequently at night. Lying in the recumbent 
position and the use of a mouthpiece during nocturnal sleep 
might help to some extent, but positive pressure ventilation 
is effective in severe cases. As the patients with obstructive 
diseases of upper airway might present with a similar sleep 
disorder, the laryngological examination is mandatory.

B .   C E N T R A L  S L E E P  A P N E A -  H Y P O P N E A 
S Y N D R O M E

In this type of sleep apnea- hypopnea syndrome, the respi-
ratory excursion of the thorax and abdomen is also lost or 

decreased on PSG during the episode. This phenomenon 
is commonly seen in patients with various neurodegenera-
tive diseases, and it is especially common in those diseases 
affecting the brainstem reticular formation. A  typical 
example is multiple system atrophy, in which sudden 
death may occur during sleep (Nishizawa & Shimohata, 
2009). This condition is also seen in association with a 
vascular lesion of the brainstem, and a combined occur-
rence of central and obstructive types is not infrequent 
(Box 94).

C .   R E M  S L E E P  B E H A V I O R  D I S O R D E R S

This condition, REM sleep behavior disorders (RBD), is 
characterized by episodes of behavioral abnormalities during 
REM sleep. Patients with RBD may get up and behave vio-
lently during REM sleep. The PSG is also abnormal during 
the episode. For example, rapid eye movements may be 
present, but the jaw muscles maintain their discharges (lack 
of muscle atonia), and periodic movements may be seen in 
the lower limbs. Patients with Parkinson disease tend to suf-
fer from insomnia and daytime sleepiness, and it has been 
shown that RBD is common in Parkinson disease (Arnulf 

TABLE 24-  3  SLEEP STAgES OF ADULTS BASED ON EEg

Stage  
R & K

Features of EEg EEg waveforms Stage 
AASM

Waking Waking C

O

Stage W

Stage 1 Relatively low 
voltage, 2 ~ 7 Hz 
activities.
Vertex sharp wave 
(V wave) may 
appear in the late 
phase.

C

O

Stage N1

Stage 2 Sleep spindles 
and K complex are 
seen.
Slow waves are 
seen in
less than 20% of 
the time.

C

O

Stage N2

Stage 3 Slow waves seen 
20 ~ 50% of the 
time.
Spindles are seen.

C

O

Stage N3

Stage 4 Slow waves seen 
more than 50% of 
the time.
Spindles are seen.

C

O

Stage
REM

The same as stage 
1. Rapid eye move-
ments are seen.
Tone of jaw 
muscles lost or 
decreased.

C

O

Stage R

R & K: Rechtschaffen & Kales, AASM: American Academy of Sleep Medicine

Slow waves: less than 2 Hz and higher than 75 μV.

C: central EEG, O: occipital EEG.

Source: Modified from Silber et al, 2007.

BOX 94 COULD SLEEP APNEA SYNDROME CAUSE COgNITIVE 

DISTURBANCE?

It might be questioned whether repeated drops of blood oxy-

gen saturation might cause dementia in the future or not. In a 

multi- institutional study in the United States, 298 women over 

age 65, who had no dementia and were studied with polysom-

nography (PSG), were followed up for 3.2 ~ 6.2 years. Results 

showed that mild cognitive impairment (MCI) was more com-

mon in those women with sleep apnea syndrome at the time of 

PSG study than those without (44.8% vs. 31.1%) (Yaffe et al, 

2011). Another cross- sectional analysis of a large population 

also reported an association of sleep apnea with worse neu-

rocognitive function (Ramos et al, 2015). A recent analysis of 

a large number of participants from the Alzheimer’s Disease 

Neuroimaging Initiative (ADNI) showed that the presence of 

sleep- disordered breathing was associated with an earlier age 

at cognitive decline and the use of continuous positive airway 

pressure (CPAP) was associated with delayed onset of cogni-

tive decline (Osorio et al, 2015). In these kinds of studies, it is 

expected to be difficult to match various other factors includ-

ing the past medical history and the environmental factors be-

tween the two groups, and further studies might be warranted 

to answer this important question.
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et  al, 2008a; Hu et  al, 2015). In a report from Germany, 
46% of 467 patients with Parkinson disease complaining of 
sleep disturbance had RBD (Sixel- Doring et al, 2011). In 
relation to this, it is known that, in Parkinson disease, the 
Lewy bodies appear also in the locus coeruleus and hypo-
thalamus, which are important for REM sleep (Braak & 
Del Tredici, 2008, for review) (see Box 26).

Since patients with Parkinson disease having RBD com-
monly develop cognitive impairment and hallucination, 
there has been some controversy as to whether or not those 
patients might have dementia with Lewy bodies (DLB) 
(see Chapter 22- 2A). A prospective study of 234 cases of 
dementia in the United States, who were followed up and 
whose diagnosis was pathologically confirmed, revealed 
that 76% of DLB cases had RBD versus only 4% of other 
cases (Ferman et al, 2011). Postuma et al. (2009) followed 
up a number of cases with idiopathic RBD and reported 
that, after 12  years, about a half of those cases developed 
neurodegenerative diseases such as Parkinson disease 
and DLB.

D.   N A R C O L E P S Y  A N D  R E L A T E D  D I S O R D E R S

Narcolepsy is characterized by four cardinal symptoms: irre-
sistible desire to sleep during the day, hypnagogic hallucina-
tion, sleep paralysis, and cataplexy. The symptoms usually 
start to occur in puberty, and the disease is strongly asso-
ciated with the major histocompatibility complex HLA- 
DR2 and HLA- DQB1*0602. The patient with narcolepsy 
becomes excessively sleepy during the day (irresistible 
desire to sleep during the day). In contrast with normal 
sleep, which starts from the light non- REM sleep progress-
ing to deep non- REM sleep and then to REM sleep, the sleep 
of narcoleptic patients begins with REM sleep. Therefore, 
the patient dreams from the transition to sleep, which cor-
responds to the hypnagogic hallucination. Furthermore, 
the patient becomes unable to move, as if being firmly 
bound during the transmission between wakefulness and 
sleep (sleep paralysis). Cataplexy manifests itself as sud-
den falling as soon as the patient starts laughing, which is 
believed to be due to generalized reflex atonia. In this type 
of cataplexy, hypocretin (orexin), which is produced in the 
hypothalamus, is decreased in the cerebrospinal fluid. For 
the pathogenesis of this condition, autoimmune damage of 
hypocretin- producing cells in the hypothalamus has drawn 
special attention (Fontana et al, 2010).

It should be kept in mind that daytime sleepiness can 
occur as a side effect of drugs. For example, patients with 
Parkinson disease who are taking dopamine agonists may 

suddenly become sleepy. However, these patients may also 
have excessive daytime sleepiness as a part of their disorder 
(see Chapter 16- 2B).

E .   P E R I O D I C  L I M B  M O V E M E N T  I N   S L E E P

Periodic limb movement in sleep (PLMS) is a series of 
periodic movements of unilateral or bilateral lower limbs 
during sleep at a regular interval; usually once in about 
20 seconds. It has drawn special attention because many 
cases of PLMS also suffer from restless legs syndrome 
(see Chapter  18- 10). Patients with restless legs syndrome 
have unpleasant sensation in legs while resting at night and 
develop a strong urge to move the legs. Once they move the 
legs, the symptom is temporarily released. As dopamine 
agonists were found to be effective for this condition, its 
relationship with Parkinson disease has drawn particular 
attention. However, there is no pathological evidence sug-
gestive of Parkinson disease in the autopsied cases of restless 
legs syndrome, and there are no data suggesting progres-
sion of this condition to Parkinson disease, although the 
co- occurrence is greater than chance. The prevalence of 
PLMS is not precisely known because its diagnosis requires 
study with PSG, but it is believed to be high in the elderly 
population (Natarajan, 2010, for review). These conditions 
are mostly sporadic, but there are some familial cases, and 
the genetic studies of these two phenomena are under way 
(Stefansson et al, 2007).

F.   K L E I N E -  L E V I N  S Y N D R O M E

This unique syndrome is characterized by repetitive epi-
sodes of severe hypersomnia, cognitive impairment, apathy, 
derealization, and behavioral disturbances such as hyper-
phagia and hypersexuality in male teens (Kas et al, 2014). 
Even during the intervals, the patients tend to be easily 
tired, need naps, fall asleep rapidly, and have high anxiety/ 
depression scores (Lavault et al, 2015). As there are occa-
sional familial cases and as it is common among Jews, some 
genetic factors are postulated, but it has not been clarified 
(Arnulf et al, 2008b).

g .   FA T A L  FA M I L I A L  I N S O M N I A

This disease was first reported by Lugaresi in 1986, and 
mutation of the prion protein gene was found later (see 
Box 62). It occurs in adults, and equally affects men and 
women, but the age of onset varies widely. Clinically it is 
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characterized by intractable insomnia and progressive cog-
nitive decline, but it lacks other symptoms seen in typical 
Creutzfeldt- Jakob disease, and its clinical course may be rel-
atively long (Krasnianski et al, 2008).
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25.

ION CHANNEL DISORDERS

I on channels are transmembrane glycoprotein pores 
of the membrane of nerve fibers and muscles and 
are important for controlling the membrane perme-

ability of ions. There are two kinds of ion channels:  the 
transmitter- gated (ligand- gated) ion channels, which 
are controlled by neurotransmitters, and the voltage- 
gated ion channels, which are controlled depending on 
the amplitude of membrane potentials. Recently many dis-
eases have been categorized into the ion channel disorders. 
Ion channel disorders (channelopathies) are either hered-
itary or autoimmune. Phenotypes of hereditary channel-
opathies are usually paroxysmal or episodic disorders such 
as hereditary epilepsies, familial hemiplegic migraine (see 
Chapter 24- 2B), startle disease (see Chapter 18- 8B), epi-
sodic ataxia, and periodic paralysis.

Hereditary channelopathies are characterized by pheno-
typic heterogeneity. Namely, mutation of a single gene may 
manifest different clinical phenomena (phenotypic over-
lap). For example, patients with spinocerebellar ataxia type 
6 (SCA6) may also show episodic ataxia or familial hemiple-
gic migraine or both. In contrast, mutation of different genes 
may show a similar clinical phenomenon (genetic heteroge-
neity) (Bernard & Shevell, 2008, for review). Representative 
forms of hereditary ion channel disorders and autoimmune 
ion channel disorders of the central nervous system are 
shown in Table 25- 1 and Table 25- 2, respectively.

1.   HEREDITARY CHANNELOPATHIES

Hereditary ion channel disorders may involve the central 
nervous system, the peripheral nervous system, or mus-
cles, as follows.

A .   H E R E D I T A R Y  C H A N N E L O PA T H I E S  O F    
T H E  C E N T R A L  N E R V O U S   S Y S T E M

Representative forms of hereditary ion channel disorders 
of the central nervous system are shown in Table 25- 1.

Familial Hemiplegic Migraine

In this form of migraine, hemiplegia or other motor paralysis 
appears as an aura or during the headache attack. It is usu-
ally transmitted with autosomal dominant inheritance, and 
three forms are known (Table 25- 1). Of these forms, type 
I is due to mutation of a voltage- gated calcium channel gene 
(CACNA1), and is often overlapped with SCA6 and episodic 
ataxia type II (see Chapter 24- 2B). For treatment, a carbonic 
anhydrase inhibitor, acetazolamide, is known to be effective.

Episodic Ataxia

This autosomal dominant hereditary disease is character-
ized by paroxysmal episodes of ataxia and dysarthria, and 
six forms are known. In an episode of type I, ataxia and dys-
arthria last several minutes and myokymia might be seen 
during the intervals. The episode occurs spontaneously, but 
it may be provoked by startle, emotional change, fatigue, 
illness, or motor action. It is due to mutation of a voltage- 
gated potassium channel gene (KCNA1). Type II occurs in 
children or young adults with episodes of ataxia and dysar-
thria lasting several hours to several days, and there might 
be interictal nystagmus. It is also provoked by stress, motor 
action, caffeine, alcohol, intake of carbohydrate- rich food, or 
fever. It is due to mutation of a voltage- gated calcium chan-
nel gene (CACNA1), and as described above, it may overlap 
with familial hemiplegic migraine type I and SCA6. Thus, 
SCA6 is a unique neurodegenerative disease associated with 
calcium channelopathy. These two types of episodic ataxia 
may be treated with anticonvulsants such as phenytoin, car-
bamazepine and sodium valproate, and acetazolamide and a 
potassium channel blocker, 4- aminopyridine. It is also pre-
vented by avoiding the above provoking factors.

Hereditary Startle Disease, Hyperekplexia

As described in the section on myoclonus of brainstem ori-
gin (see Chapter 18- 8B), this is an excessive startle reaction 
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provoked by unexpected sudden stimulus, and is transmit-
ted in either autosomal dominant or recessive inheritance. 
Patients with this disorder are noted to be excessively hyper-
tonic in the newborn period. Four types are known, and all 
types are due to mutation of genes related to the receptor 
of an inhibitory transmitter, glycine. Mutation of the gly-
cine receptor α1 subunit gene (GLRAI) is known for type 
I, and that of the glycine receptor β subunit gene (GLRB) 

is known for type II (Bode & Lynch, 2014, for review). 
Clonazepam is effective in most cases.

Epilepsies

Most cases of idiopathic epilepsy due to mutation of a sin-
gle gene are related to a channel gene of a nicotinic acetyl-
choline receptor or GABA- A receptor, or a gene mutation 

TABLE 25-  1  HEREDITARY ION CHANNEL DISORDERS OF THE CENTRAL NERVOUS SYSTEM

Diseases Inheritance Ion channel Chromosome gene mutation

Familial hemiplegic migraine AD

I Cav 2.1α1 19p13 CACNA1

II Na, K- ATPaseα2 1q23 ATP1A2

III Nav 1.1 2q24 SCN1A

Episodic ataxia*1 AD

I Kv 1.1 12p13 KCNA1

II Cav 2.1α1 19p13 CACNA1

Hereditary startle disease*2 AD, AR

I GlyR α1 5q33.1 GLRA1

II GlyR β 4q32.1 GLRB

ADNFLE*3 AD

I AchR α4 20q13.2- 13.3 CHRNA4

III AchR β2 1q21.3 CHRNB2

IV AchR α2 8p21 CHRNA2

Juvenile myoclonic epilepsy Variable GABAR, Ca, Cl Multiple

BAFME AD

I 8q23.3- q24.11

II 2p11.1- q12.2

III 5p15.31- p15.1

IV 3q26.32- q28

Childhood absence seizure Variable GABAR, Cl, Ca Multiple

Ring chromosome 20 Mostly sporadic 20 Unknown

AD: autosomal dominant, AR: autosomal recessive, R: receptor, v for ion chennel: voltage- gated, Gly: glycine, Ach: acetylcholine, GABA: gamma- 

amino butyric acid, ADNFLE: autosomal dominant nocturnal frontal lobe epilepsy,

*1: only representative types are shown, *2: two other types are not shown, *3: type II is not shown.

SOURCE: Modified from Bernard & Shevell, 2008.
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of the sodium, chloride, calcium, or potassium channel 
(Heron et al, 2007, for review).

Autosomal dominant nocturnal frontal lobe epilepsy 
(ADNFLE) is a unique seizure occurring in childhood at 
night (see Chapter 24- 1A). The attack begins with groaning 
or vocalization, and shows abnormal movements such as vig-
orous or thrusting movements of legs and waist. It is rare to 
progress to generalized convulsion, but the attacks may occur 
several times per night. The interictal EEG is often normal, 
and the ictal EEG may show paroxysmal abnormalities at 
the midline frontal region, suggesting its origin in the sup-
plementary motor area. Clinically, it is often difficult to dis-
tinguish from pseudoseizures (see Chapter 24- 1B). Mutation 
of the gene related to the nicotinic acetylcholine receptor α4 
subunit (CHRNA4) is known for type I, and likewise β2 sub-
unit (CHRNB2) for type III, and α2 subunit (CHRNA2) 
for type IV. Carbamazepine is effective for these seizures.

Juvenile myoclonic epilepsy is a form of myoclo-
nus epilepsy affecting persons of puberty, predominantly 
female, and it may be complicated by generalized tonic- 
clonic seizures and absence seizures in some cases. It is espe-
cially characterized by worsening upon awakening in the 
morning. Mutation of multiple genes related to the GABA 
receptor, calcium channel and chloride channel are known 
in this disorder.

Benign adult familial myoclonus epilepsy (BAFME) 
is a unique form of autosomal dominant hereditary myoc-
lonus epilepsy reported from Japan and some European 
countries (see Box 56). Myoclonus of cortical origin begins 
in adults and its progression to generalized convulsion is 
rather rare. The mutation has been localized on chromo-
some 8q for type I, 2p for type II, 5p for type III, and 3q for 
type IV, but genes have not been discovered yet. This condi-
tion may also be a hereditary ion channel disorder.

Childhood absence seizure is characterized by fre-
quent attacks of absence, each lasting several seconds 
affecting infants and children, and it is commonly called 
petit mal (see Chapter 24- 1A). The EEG typically shows 
a burst of bilaterally synchronous high  amplitude 3  Hz 
rhythmic spike- and- wave discharges (see Figure  24- 1). 
Mutations of multiple genes related to the GABA recep-
tor, chloride channel and calcium channel have been 
reported.

Patients with ring chromosome 20 show mental retar-
dation, behavioral abnormalities, and epileptic seizures. 
Seizures of various forms including nocturnal frontal lobe 
epilepsy, nonconvulsive status epilepticus, and prolonged 
confusion start at around 5 years of age, and tend to resist 
antiepileptic medication. This condition is also believed to 
be an ion channel disorder.

TABLE 25-  2  HEREDITARY ION CHANNEL DISORDERS OF MUSCLES

Diseases Inheritance Ion channel Chromosome gene mutation

Hypokalemic periodic paralysis AD

I Cav α1 1q31– q32 CACNA1S*2

II Nav α 17q23– q25 SCN4A*2

Hyperkalemic periodic paralysis AD Nav α 17q23- q25 SCN4A

Myotonia congenita ClvC 1 7q35 CLCN1

Thomsen AD

Becker AR

Paramyotonia congenita AD Nav α 17q23– q25 SCN4A

Andersen- Tawil syndrome AD Kir2.1 17q23 KCNJ2

Malignant hyperthermia susceptibility*1 AD Ryanodine receptor 1 19q13.1 RYR1

Central core disease AD or AR Ryanodine receptor 1 Multiple

Congenital myasthenic syndrome AR Ach receptors (multiple) Multiple

ir: inward rectifier, otherwise the same designation as in Table 25- 1.

*1: Only the representative type is shown, *2: Typical types are shown.

SOURCE: Modified from Lehmann- Horn & Jurkat- Rott, 2007. and Bernard & Shevell, 2008.
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Type II of congenital long QT syndrome is due to 
mutation of the cardiac potassium channel gene, and is 
often complicated by epileptic seizures. The seizure in this 
condition is considered to be a primary ion channel disor-
der of the brain rather than seizure secondary to ventricular 
arrhythmia ( Johnson et al, 2009).

B .   H E R E D I T A R Y  C H A N N E L O PA T H I E S  O F   T H E 
P E R I P H E R A L  N E R V O U S   S Y S T E M

Mutations of the genes related to the voltage- gated sodium 
channel (SCN9A) in the dorsal root ganglion and in the sym-
pathetic ganglion are known to cause several kinds of pain 
disorders. Among those disorders, erythermalgia (called 
erythromelalgia in acquired cases) and paroxysmal extreme 
pain disorder are known to be caused by gain of the channel 
function, and congenital insensitivity to pain is known as an 
example of loss of channel function (Drenth & Waxman, 2007, 
for review). Congenital insensitivity to pain is a rare condition 
transmitted in autosomal recessive inheritance. Patients with 
this disorder do not feel pain at all since birth, and they easily 
suffer from trauma and burn. Other somatosensory functions 
are normal, but autonomic disturbances such as anhidrosis are 
present in many cases (Norcliffe- Kaufmann et al, 2015).

C .   H E R E D I T A R Y  C H A N N E L O PA T H I E S  O F   M U S C L E S

Periodic paralysis, a variety of nondystrophic myotonia, 
malignant hyperthermia, central core disease, and congeni-
tal myasthenic syndrome are known to belong to this cate-
gory (Table 25- 2).

Hypokalemic Periodic Paralysis

This is an autosomal dominant hereditary disease, starting 
in young age, affecting predominantly males. Generalized 
weakness usually occurs upon awakening in the morning 
and lasts for several hours. Any factor lowering the blood 
potassium level can provoke this episode, including exces-
sive intake of carbohydrate- rich food or salt, stress, drugs, 
and heavy physical exercise on the preceding day. Mutations 
of multiple genes related to the voltage- gated calcium chan-
nel α1 subunit in the muscle are known for type I, and 
mutations of multiple genes related to the voltage- gated 
sodium channel α subunit are known for type II. Avoiding 
the above precipitating factors is important for prevent-
ing the attacks, but correction of serum potassium level 
and chronic administration of acetazolamide are effec-
tive for treatment. It is believed that acetazolamide causes 

metabolic acidosis, which helps move potassium into the 
muscle fibers. There is no symptom during the intervals. In 
Asian male patients, this condition is often accompanied by 
hyperthyroidism (Vijayakumar et al, 2014, for review).

Hyperkalemic Periodic Paralysis

This is an autosomal dominant hereditary disease that 
affects children before puberty with frequent episodes of 
generalized weakness, each attack lasting less than an hour. 
During the attack, the serum potassium level is either ele-
vated or normal. During the intervals, myotonia is seen in 
the face, tongue, and hands and myopathy might develop 
in many cases. Mutation of the voltage- gated sodium chan-
nel gene on the chromosome 17q (SCN4A) is known in 
most cases. In some cases, physical exercise and sugar intake 
might ameliorate the attacks.

Myotonia Congenita

In this disease, stiffness due to disturbance of muscle relax-
ation (myotonia) (see Chapter 16- 3F) occurs in childhood. 
Just as in the case of myotonic dystrophy, myotonia will 
improve by repeating contraction of the involved muscles 
(warm- up phenomenon). There are two types of this dis-
order:  Thomsen type, which is transmitted in an auto-
somal dominant inheritance and is relatively mild, and 
Becker type, which is transmitted in an autosomal reces-
sive inheritance and is severe. The first case was reported by 
Thomsen in 1876, and it is known that Thomsen himself 
suffered from this disease. For both types, mutations of 
multiple genes related to the voltage- gated chloride channel 
(CLCN1) in the skeletal muscles are known. It is believed 
that this gene abnormality impairs the chloride channel 
gating, which causes decreased chloride conductance and 
electrical instability of the sarcolemma, resulting in the 
repetitive continuous electrical discharges. Various drugs 
including mexiletine, quinine, lithium carbonate, procain-
amide, carbamazepine, phenytoin and acetazolamide have 
been found effective for this condition.

Paramyotonia Congenita

This autosomal dominant hereditary disease was first 
described by von Eulenburg in 1886. In this condition, in 
contrast with ordinary myotonia, in which muscle relax-
ation is most difficult after its first contraction and becomes 
easier with the increasing number of repetition (warm- up 
phenomenon), relaxation becomes increasingly difficult 
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with repetition of the muscle contraction. It is also charac-
terized by worsening with cold temperature. For example, 
cooling of the eyes causes myotonia in the orbicularis oculi 
muscles, which results in inability to open the closed eye-
lids. Extraocular muscles are also occasionally involved. This 
condition is seen from birth and usually does not progress. 
In some families with this condition, it may be associated 
with short- lasting attacks of hyperkalemic periodic paral-
ysis. It is also known that alcohol intake ameliorates the 
symptoms. Mutations of the genes related to the voltage- 
gated sodium channel (SCN4A) are known for this condi-
tion (Lehmann- Horn & Jurkat- Rott, 2007, for review).

Andersen- Tawil Syndrome

This syndrome was described by Andersen et al. in 1971 and 
by Tawil et al. in 1994, and is characterized by potassium- 
responsive periodic paralysis, cardiac arrhythmia, and vari-
ous anomalies of head and face (Sansone & Tawil, 2007, for 
review). The congenital anomalies include hypertelorism, 
micrognathia, low- set ears, high- arched palate, cleft palate, 
short stature, clinodactyly and syndactyly. This is transmit-
ted in autosomal dominant inheritance, and mutation of 
the voltage- gated potassium channel (KCNJ2) gene on the 
chromosome 17q is known in many cases.

Malignant Hyperthermia Susceptibility

Malignant hyperthermia is an excessive metabolic reaction 
induced by simultaneous use of inhalation anesthetics and 
neuromuscular blocking agents in subjects with this suscep-
tibility. Cardinal symptoms of the reaction are tachypnea, 
tachycardia, muscle rigidity, acidosis, rhabdomyolysis and 
hyperthermia. This susceptibility is transmitted in auto-
somal dominant inheritance, and six types are known. 
Mutation of the ryanodine receptor type I gene (RYR1) on 
chromosome 19q is known in most cases. This receptor is 
important for muscle contraction by releasing calcium from 
the sarcoplasmic reticulum of skeletal muscles, and muta-
tion of its gene results in excessive accumulation of calcium 
in the muscle fibers. Therefore, it is important for anesthesi-
ologists to pay attention to the family history. For the treat-
ment, the anesthetics should be discontinued immediately 
while dantrolene is administered (see Box 40).

Central Core Disease

This is a congenital nonprogressive myopathy in newborns, 
which was first reported by Shy and Magee in 1956. The 

patients manifest hypotonia, muscle weakness, develop-
mental delay of motor functions, congenital dislocation of 
hip joints, anomaly of feet, scoliosis and joint contracture. 
Malignant hyperthermia is an important complication of 
this myopathy. Most cases are transmitted in autosomal 
dominant inheritance, and, like malignant hyperthermia 
susceptibility, mutation of the ryanodine receptor gene 
is known.

Congenital Myasthenic Syndrome

This is a group of diseases affecting newborns and infants 
with muscle weakness and easy fatigability. Antibody 
against the acetylcholine receptor is negative in this group. 
Heterogeneous conditions in terms of pathophysiology and 
genetics are included in this syndrome, and at least some of 
these conditions are considered to be caused by ion channel 
abnormalities.

2.   AUTOIMMUNE CHANNELOPATHIES

Recently, ion channel disorders mediated by autoimmune 
pathogenesis have been increasingly recognized (Vernino, 
2007, for review) (Table 25- 3).

TABLE 25-  3  AUTOIMMUNE ION CHANNEL DISORDERS

Ion channel Disease Cardinal symptoms

Cav (P/ Q- type) Lambert- Eaton syn-
drome

Muscle weakness

Paraneoplastic cerebel-
lar degeneration

Cerebellar ataxia

Kv (1.1, 1.2, 
1.6)

Acquired neuromyoto-
nia (Isaacs)

Muscle spasm, cramp, 
hyperhidrosis

Limbic encephalitis Amnesia, convulsion,   
character change

Morvan syndrome Neuromyotonia, insomnia

GluR3 (AMPA 
receptor)

Rasmussen enceph-
alitis

Intractable epilepsy, psy-
chic symptoms, amnesia,
hallucination, autonomic 
disturbance

Nicotinic   
AChR- α1

Myasthenia gravis Muscle weakness, easy 
fatigability

Ganglionic 
AChR- α3

Autoimmune auto-
nomic ganglionopathy

Orthostatic hypotension, 
tonic pupil, urinary
retention, gastrointestinal 
symptoms

v: voltage- gated, GluR: glutamate receptor, AChR: acetylcholine receptor.
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A .   M Y A S T H E N I A   g R A V I S

Myasthenia gravis (MG) is a representative disease of autoim-
mune channelopathies. Clinically it is characterized by mus-
cle weakness and easy fatigability of muscles, often involving 
the extraocular and bulbar muscles. Antibodies against the 
nicotinic acetylcholine receptor of the postsynaptic mem-
brane of the neuromuscular junction are elevated in 80 ~ 
85% of patients with the generalized form and in 50– 60% 
of patients with the ocular form. Among the patients with 
adult- onset MG, thymoma is found in 15%, and 30% of 
patients with thymoma develop MG. Electrophysiologically, 
repetitive stimulation of the peripheral nerve at 3 Hz shows 
decline of the compound muscle action potential (CMAP) 
by more than 10% (waning). Intravenous injection of a 
cholinesterase inhibitor, edrophonium, improves the symp-
toms and is used for a diagnostic test (Tensilon test) (see 
Chapter 9- 5A and Chapter 29- 1).

B .   L A M B E R T -  E A T O N  S Y N D R O M E

This is an autoimmune disease against the voltage- gated P/ Q 
type calcium channel (VGCC) in the nerve terminal of the 
neuromuscular junction, and is called myasthenic syndrome 
(Lambert- Eaton syndrome) as against MG (Hülsbrink & 
Hashemolhosseini, 2014, for review). Clinically, weakness 
of the proximal limb muscles and easy fatigability occur 
predominantly in middle- aged males. Tendon reflexes are 
reduced or absent, and autonomic disturbances such as dry 
mouth, constipation, and impotence may also be seen. In 
contrast with MG, extraocular muscles are rarely affected in 
this condition. Furthermore, muscle weakness and reduced 
tendon reflexes might recover transiently after the exercise 
(contraction) of the corresponding muscle. In relation to this 
phenomenon, the muscle response to a single electric shock 
of the corresponding motor nerve is extremely small, but 
after exercise it is augmented to more than twice the baseline 
value (posttetanic potentiation). Alternatively, repetitive 
electrical stimulation of the peripheral nerve innervating the 
muscle at high frequency (30 ~ 50 Hz) shows an increment 
of successive muscle action potentials (waxing), however this 
test is quite painful to the subject. In the myasthenic syn-
drome, as the release of acetylcholine from the presynaptic 
membrane is impaired, it is expected that voluntary activa-
tion or electrical stimulation of α motor fibers improve the 
synaptic transmission transiently, thus improving the muscle 
strength and the tendon reflex.

The serum antibody against the P/ Q- type VGCC is 
detected in 85% of patients, and about 60% of adult- onset 
patients have small cell lung carcinoma. As the PQ- type 

VGCC is also present in the cerebellar Purkinje cells, 
Lambert- Eaton syndrome may be associated with autoim-
mune cerebellar lesion called paraneoplastic cerebellar 
degeneration (subacute cerebellar degeneration) (see 
Chapter 16- 2C).

A recent study of 264 cases of biopsy- proven small 
cell lung carcinoma from Oxford revealed paraneoplas-
tic neurologic disorders (PNDs) in 9.4%, most frequently 
Lambert- Eaton syndrome (3.8%), sensory neuronopathy 
(1.9%), and limbic encephalitis (1.5%), and the most com-
mon antibodies were SOX2 (62.5%), HuD (41.7%), or P/ 
Q VGCC (50%) (Gozzard et al, 2015).

C .   I S A A C S  S Y N D R O M E  ( N E U R O M Y O T O N I A )

This is due to autoimmune impairment of the voltage- gated 
potassium channel (VGKC) of the peripheral nerve, which 
increases its excitability and causes continuous spasm and 
myokymia especially in the distal muscles of extremities 
(acquired neuromyotonia) (Oda et al, 1989). The patients 
may also show generalized muscle stiffness, loss of body 
weight and hyperhidrosis. In this condition, the needle 
EMG recorded from the myotonic muscles shows high fre-
quency motor unit discharges that start suddenly and dis-
appear gradually after several seconds.

As the VGKC is present also in the central nervous sys-
tem, the above neuromyotonia and autonomic symptoms 
might be associated with cerebral symptoms such as insom-
nia and hallucination, which is called Morvan syndrome. 
Among antibodies against VGKC, the antibody against 
CASPR2 is especially elevated in Morvan syndrome (Irani 
et al, 2012). Some patients with limbic encephalitis (Box 
95)  who have antibody against the VGKC- complex have 
frequent brief seizures involving posturing of the hemiface 
and ipsilateral arm associated with paroxysmal EEG abnor-
mality (faciobrachial dystonic seizures). In this condi-
tion, immunotherapy was found effective for seizures and 
for preventing the subsequent development of cognitive 
impairment (Irani et al, 2013) (Box 95).

Rasmussen encephalitis is also considered to be 
an autoimmune channelopathy of the central nervous 
system. Clinically it is characterized by predominantly 
unilateral hemispheric involvement associated with 
convulsive seizures. Antibody against the glutamate 
receptor (GluR3) may be elevated, and a comorbid 
association with other autoimmune diseases has been 
reported (Amrom et al, 2014). Recently, paraneoplastic 
limbic encephalitis has drawn particular attention as 
an autoimmune- related disorder primarily affecting the 
limbic system (Box 95).
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Furthermore, encephalopathy might appear in 
association with Hashimoto thyroiditis (Hashimoto 
encephalopathy). This is considered not to be caused by 
hyperthyroidism itself but to be an autoimmune encepha-
litis coinciding with autoimmune thyroiditis.

In addition to the above- described hereditary and auto-
immune channelopathies, the mechanism of ion channel 
disturbance might be also involved in diabetic neuropathy. 
In patients with diabetic neuropathy, Misawa et al. (2009) 
found abnormal sodium current at the Ranvier node, which 

was ascribed to activation of the polyol pathway mediated 
by aldose reductase and reduced Na/ K pump activity.
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BOX 95 LIMBIC ENCEPHALITIS

This is a collection of antibody mediated encephalitides 

rather than infectious ones. Following a report of a young 

woman with the title of acute nonherpetic encephalitis from 

Japan in 2004, this paraneoplastic autoimmune disorder 

has drawn particular attention in recent years (Iizuka et al, 

2008). The disease starts with symptoms of upper respi-

ratory infection and psychic symptoms, and is followed by 

amnesia, epileptic seizures, consciousness disturbance, 

hypoventilation, autonomic dysfunction, and bizarre invol-

untary movements such as vigorous dyskinetic movements 

of face and mouth. This condition is often associated with 

ovarian teratoma, and antibody against the NR1 or NR2 

subunit of the NMDA receptor is elevated in the serum and 

cerebrospinal fluid (CSF). It has been also shown that those 

antibodies bind with NR2B or NR2A subunit of the NMDA 

receptor in the hippocampus and forebrain (Dalmau et al, 

2008). Some cases of limbic encephalitis have antibodies 

against the GluA1 (GluR1) or GluA2 (GluR2) subunits of the 

AMPA receptors (Hötberger et al, 2015). It is also believed 

that the potassium channel abnormality might be related 

to the pathophysiology of this condition (Benarroch et  al, 

2009, for review). Cranial MRI in this disease shows abnor-

mal signal in the limbic system including the mesial tem-

poral lobes, which necessitates differentiation from herpes 

simplex encephalitis. Resection of the ovarian tumor and 

immunotherapy are effective, but some cases do well with-

out tumor removal (Iizuka et al, 2008).

A syndrome of limbic encephalitis combined with auto-

nomic disturbance and neuromyotonia is called Morvan syn-

drome (Irani et al, 2012). Limbic encephalitis associated with 

Hodgkin lymphoma is called Ophelia syndrome, in which the 

metabotropic glutamate receptor 5 (mGluR5) was identified 

as an autoimmune antigen (Lancaster et al, 2011). Limbic 

encephalitis is also known to be associated with relapsing 

polychondritis (Kondo et al, 2014).
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26.

PSYCHOgENIC NEUROLOgIC DISEASES

M any neurologic symptoms may appear without 
organic lesions of the nervous system. Based on 
the underlying mechanisms, psychogenic neu-

rologic diseases are classified into three categories: con-
version disorders, factitious disease, and malingering 
(Hallett et al, 2012, for review). The term “functional” is 
beginning to replace “psychogenic” in many circumstances. 
Patients with conversion disorders are not aware of the 
psychogenic origin of their illnesses, whereas patients with 
the other two conditions are aware of the psychogenic ori-
gin at least to a certain extent. Malingering, in particular, 
might be purposeful for personal benefits such as financial 
reasons and escape from jail. In fact, these three condi-
tions may not always be distinguishable from each other, 
and many cases of psychogenic neurologic diseases might 
have an overlap of these three components, and may be 
situated on a spectrum ranging from the completely unin-
tended state, like conversion disorders, to the completely 
intended state, like malingering.

Negative neurologic symptoms like loss of conscious-
ness, blindness, constriction of the visual field, motor 
paralysis, and loss of pain sense are commonly seen in psy-
chogenic diseases, but positive symptoms like convulsion 
and involuntary movements are not uncommon. Among 
others, psychogenic movement disorders are not infre-
quent, and have drawn particular attention in the recent 
years (Fahn, 2007, Lang & Voon, 2011, and Czarnecki & 
Hallett, 2012, for review) (see Chapter 18- 10).

1.   PSYCHOgENIC MOTOR PARALYSIS

Motor paralysis due to conversion disorders is not infre-
quently encountered. It is characterized by being incon-
gruous with ordinary paralysis, inconsistency in time, 
tendency to give- way during manual muscle testing (give- 
way weakness), and the presence of psychogenic factors 
in the background. Furthermore, muscle tone and tendon 
reflexes are usually normal in psychogenic paralysis.

In cases of asymmetric motor paralysis, it is possible to 
test how much the patient is cooperating with the muscle 
testing by taking advantage of the intact or less affected 
side. For example, in case of unilateral paralysis of the 
biceps brachii muscle, if the patient is cooperating with 
flexion of the paralyzed forearm, the contralateral triceps 
brachii muscle is expected to contract, thus extending the 
contralateral forearm. Likewise, in unilateral paralysis of 
the triceps brachii muscle, the patient’s attempt to extend 
the paralyzed forearm is expected to flex the contralat-
eral forearm. If there is no movement of the contralateral 
(intact) extremity, it might suggest poor cooperation of 
the patient. A similar principle can be applied to the psy-
chogenic paralysis of lower extremities as far as it is asym-
metric (Hoover sign) (Box 96).

Conversion disorders may present with complete 
paraplegia. In this case, muscle tone and tendon reflexes 
are expected to be entirely normal, and there are no patho-
logical reflexes. Psychogenic inability to stand up and walk 
may be called astasia- abasia.

Electrophysiologically, the muscle potentials evoked 
by transcranial magnetic stimulation of the primary motor 
cortex (motor evoked potentials, MEP) are expected to 
be absent in the lower extremities if complete paraplegia 
is due to an organic lesion. Thus, normal MEP in patients 
with complete paraplegia might suggest psychogenic 
origin, but it should be kept in mind that, in mild para-
plegia due to mild lesion of the corticospinal tract, MEP 
could be normal. In contrast, unilateral absence of MEP 
or delayed conduction of the corticospinal tract in patients 
with hemiplegia suggests that the hemiplegia is due to an 
organic lesion.

2.   PSYCHOgENIC SENSORY LOSS

The most common sensory symptom in the psychogenic 
neurologic diseases is complete loss of nociceptive sensa-
tion on either half of the body (hemianalgesia). In this 
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case, the nociceptive loss is seen on the whole hemibody 
from the top of the head to the toes, and there is no reac-
tion to pain or back- off movement away from the noci-
ceptive stimulus. In the thoracic and lumbar segments, the 
somatosensory innervation crosses the midline and over-
laps between the two sides for 1.0 ~ 1.5 cm from the mid-
line. Therefore, the borderline of the hemianesthesia due 
to an organic lesion is shifted toward the anesthetic side by 
1.0 ~ 1.5 cm. Therefore, if the borderline of the intact and 
affected sides is found exactly on the midline of the chest 
or abdomen, it suggests a possibility of psychogenic origin, 
although the final judgment should not be based on this 
finding alone.

Furthermore, as the frontal skull bone and the sternum 
are formed each of a single bone, a vibratory stimulus is 
expected to be felt bilaterally. Therefore, if the vibration 
sense is unilaterally lost over those bones, it might serve as a 
clue to the diagnosis of psychogenic disorders.

Electrophysiologically, the somatosensory evoked 
potentials (SEP) are useful in some cases of psychogenic 
sensory loss. However, it should be kept in mind that elec-
trical stimulation of the peripheral nerve activates only large 
fibers and it does not reflect the nociceptive conduction. 
For unilateral or asymmetric loss of nociceptive senses, SEP 
following laser stimulation is useful. If laser- evoked poten-
tial is normally recorded in patients with complete loss of 

pain sense, it might suggest its psychogenic origin. In order 
to avoid misinterpretation of the SEP results due to a tech-
nical failure, comparison of two sides is always important.

3.   PSYCHOgENIC CONSTRICT ION 
OF V ISUAL F IELD

Constriction of the visual field due to conversion disorders 
is characterized by the fact that the visible angle does not 
change depending on the distance from the target (tunnel 
vision, tubular vision) (see Chapter 7- 2B). In healthy sub-
jects, the visible angle is expected to become larger as they 
move away from the target.

4.   COMMON FEATURES OF PSYCHOgENIC 
NEUROLOgIC DISEASES

Clinical features common to all kinds of psychogenic neu-
rologic disorders include incongruity with ordinary neu-
rologic symptoms, inconsistency (variability) of nature, 
degree and distribution in time, and change due to distrac-
tion to other stimuli or other matters, and the presence of 
psychogenic factors in the social or family background. 
In case of rhythmic or periodic abnormal movements of a 
part of the body, if the patient is requested to repeat rhyth-
mic or periodic movements of other parts of the body at 
a certain rate, the rate of abnormal movements might be 
entrained into that of the assigned movements (entrain-
ment). Regarding the psychogenic positive neurologic 
symptoms, convulsion is described in Chapter 24- 1B, and 
involuntary movements are explained in Chapter  18- 10. 
Electrophysiological techniques are often useful for supple-
menting the clinical impression of psychogenic disorders.
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BOX 96 HOOVER SIgN

In case of unilateral or asymmetric motor paralysis of lower 

extremities, if the patient is requested to raise the affected leg 

in the supine position and if he/ she is cooperating, the con-

tralateral (intact or less affected) leg is expected to be pushed 

down. Likewise, if the patient is asked to push down the   

affected leg and if he/ she is trying hard, the contralateral leg 

is expected to be lifted. If there is no movement of the contra-

lateral leg, it might suggest psychogenic origin of the paralysis 

(Hoover sign). This test can be done also in the sitting position. 

Alternatively, cooperation of the patient with monoplegia of the 

leg or asymmetric paraplegia can be tested by supporting the 

patient’s legs with the examiner’s hands from both sides and 

by asking the patient to abduct both legs. If the patient tries 

hard to abduct both legs, it is expected to find muscle contrac-

tion or movement in the intact or less affected leg.
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27.

THALAMUS

A lthough this book is organized according to the 
functional anatomy of the nervous system, this chap-
ter is arranged with respect to the anatomy because 

the thalamus is the relay center for all kinds of ascending 
pathways to the cerebral cortex, and also because it is com-
monly involved by the cerebrovascular diseases.

1.   gENERAL STRUCTURE OF THE THALAMUS

The thalamus is a relatively large, egg- shaped structure sit-
uated deep in each cerebral hemisphere. It borders medi-
ally on the third ventricle, laterally on the internal capsule, 
and inferiorly on the hypothalamus and midbrain. Each 
thalamus is divided by the Y- shaped internal medullary 
lamina into four divisions:  the lateral, medial, and ante-
rior nuclear groups and the posterior nucleus (pulvinar) 
(Figure 27- 1). The left and right thalami are connected by 
transverse fibers (massa intermedia). Furthermore, lateral 
to the pulvinar, there are the lateral geniculate body and 
the medical geniculate body, which are the relay nuclei 
for the visual and auditory pathways, respectively (see 
Chapter 7 and Chapter 12, respectively).

In the lateral nuclear group are the relay nuclei 
important for sensory functions and motor control. The 
relay nuclei for the somatosensory, vestibular, and taste 
senses are situated in the ventral posterior nuclei, and the 
motor- related relay nuclei from the basal ganglia and cer-
ebellum are in the lateral nucleus. The main nucleus of the 
medial nuclear group is the medial dorsal nucleus, which 
is involved in the higher mental functions by projecting 
to the prefrontal cortex and cingulate gyrus. The anterior 
thalamic nucleus is a relay nucleus of the Papez circuit 
(see Chapter 22- 1B and Figure 22- 3), and it is involved in 
memory function. The internal medullary lamina is pri-
marily formed of white matter, but it contains a number 
of neuronal groups that receive input from the brainstem 
reticular formation and activate the cerebral cortex via the 
ascending reticular activating system (see Figure 4- 1). The 

posterior nucleus called the pulvinar is closely connected 
with the parietal cortex and is primarily engaged in the 
visual cognitive functions.

In addition to the above- described roles as the relay 
center of the ascending projection to the cerebral cortex, 
the thalamus also receives strong input from the cerebral 
cortex. It is noteworthy that there are bidirectional fiber 
connections between each area of the thalamus and the 
corresponding area of the cerebral cortex. The thalamus is 
also believed to be involved in cognitive and language func-
tions. Aphasia has been reported in patients with a lesion 
of the left thalamus (de Witte et al, 2011, for review).

The most common cause of thalamic lesion is infarc-
tion or hemorrhage. Clinical symptoms caused by a 
thalamic infarction are quite variable, because there 
is great interindividual variability in the arterial supply 
of thalamic nuclei, a single artery supplies multiple tha-
lamic nuclei, and an ischemic lesion might occur in the 
territory of multiple arteries (Schmahmann, 2003, for 
review). In a thalamic hemorrhage, although clinical 
symptoms vary depending on the size of the hemorrhage, 
motor paralysis and sensory loss develop in the contralat-
eral extremities in the acute stage, and soon thereafter it 
is accompanied by consciousness disturbance of various 
degrees. If the lesion extends to affect the hypothalamus 
and midbrain, pupillary abnormalities and downward 
medial deviation of the eyes are also seen. If the hemor-
rhage ruptures into the third ventricle, the patient may 
fall into coma.

2.   VENTRAL POSTERIOR NUCLEUS  
AS THE SENSORY RELAY CENTER

The tertiary neurons of the somatosensory pathway are 
located in the ventral posterior nucleus of thalamus and 
receive afferent projection from the secondary neurons for 
both nociceptive and proprioceptive senses. Inputs from 
the spinal nerve territories are received in the ventral 
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posterolateral nucleus (VPL), and those from the tri-
geminal nerve territory reach the ventral posteromedial 
nucleus (VPM) (Figure 27- 1). Thus, the lateral spinotha-
lamic tract and the medial lemniscus project to the VPL 
(see Figure 19- 2), and the trigeminothalamic tract and the 
fibers from the main sensory nucleus of trigeminus project 
to the VPM (see Figure 10- 1). There is somatotopic organi-
zation in the VPL. Afferents arising from the caudal part of 
the body project to the lateral part of the VPL, while those 
from the rostral part of the body project to the medial part 
of the VPL, so that its most medial part borders on the 
VPM. Therefore, as for the somatosensory system, there is 
somatotopy in all the related nuclei from the spinal cord to 
the primary sensory cortex.

While the tactile and deep/ proprioceptive affer-
ents project solely to the VPL and VPM, the nociceptive 
afferents project to wider areas of the thalamus. Namely, 
in addition to VPL and VPM, the medial ventral nucleus, 
the intralaminar nucleus and the medial dorsal nucleus also 
receive the nociceptive input.

The tertiary neurons from VPL and VPM project to 
each corresponding area of the primary somatosensory cor-
tex (SI) in the postcentral gyrus and partially to the second 
somatosensory cortex (SII) in the upper bank of the sylvian 
fissure. Nociceptive inputs from multiple thalamic nuclei 
(see above) project not only to the SI and SII but also to the 

amygdala, insula, and cingulate gyrus, which are related to 
the emotional aspect of nociception (see Figure 19- 4).

It is known that the ventral posterior nucleus also 
receives afferents of sense of equilibrium and taste sense. 
The vestibular afferents originating from the vestibular 
nuclei reach the VPL, and the tertiary neurons project to 
the area just posterior to the S1 face area in the postcentral 
gyrus and the parietal insular vestibular cortex located at 
the parieto- insular junction (see Chapter  13- 1). The gus-
tatory afferents originating from the solitary nucleus proj-
ect to the VPM, and the tertiary neurons project to the SI 
tongue area and anterior insula like the olfactory sense (see 
Chapter 11- 1C).

There is considerable interindividual variability in the 
arterial perfusion of the thalamus. The VPL and VPM 
receive perfusion from the thalamogeniculate artery, 
which is a branch of the posterior cerebral artery (see 
Figure 9- 3). Therefore, if this artery is occluded by infarc-
tion, the somatosensory symptoms predominate. In this 
case, all the somesthetic modalities are lost or impaired on 
the contralateral side, but especially the deep/ propriocep-
tion and stereognosis (ability to recognize the shape of an 
object by touching) are completely lost. In contrast, the 
superficial modalities often become hypersensitive with 
unpleasant sensation induced by pin prick, which is felt 
over a wider area of the skin and lasts longer than expected. 
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Figure 27- 1 Schematic diagram of the thalamus, showing its main nuclei. Lateral upper view of the right thalamus. A: anterior nucleus, ILN: intralaminar 
nucleus, IML: internal medullary lamina, LD: lateral dorsal nucleus, LG: lateral geniculate body, LP: lateral posterior nucleus, MD: medial dorsal 
nucleus, MG: medial geniculate body, Pulv: pulvinar, VA: ventral anterior nucleus, VL: ventral lateral (ventrolateral) nucleus, VPL: ventral posterolateral 
nucleus, VPM: ventral posteromedial nucleus. A complex of VA and VL is also named Voa, Vop, and Vim from anterior to posterior. (Modified from 
Brodal, 2004, with permission)
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It is also characterized by intolerable pain that might occur 
spontaneously or is induced by stimuli. Spontaneous pain 
is often associated with unpleasant dysesthesia and hyperal-
gesia to stimulus, and this condition is called central pain. 
In this case, even a soft breeze presented to the skin might 
cause unpleasant pain (hyperpathia) (see Chapter  19- 2B 
and Box 65).

The central pain following a stroke (central post- 
stroke pain) is commonly seen in an infarction involving 
the posterior lateral thalamus, but it also occurs in brain-
stem infarction involving the spinothalamic tract. The cen-
tral post- stroke pain usually involves the whole aspect of 
the contralateral body, but it may be especially severe on 
the face and the upper limb. In most cases, the pain starts 
sometime after the stroke, ranging from two weeks to even a 
few years after the stroke. This kind of pain is usually intrac-
table to medical treatment, but some benefit of electrical 
stimulation of the motor cortex by subdurally placed elec-
trodes was reported (Hosomi et al, 2015, for review; Sokal 
et al, 2015).

In infarction of the posterior cerebral artery territory 
involving the posterior lateral thalamus, ataxia and invol-
untary movements might be seen in addition to the above 
sensory symptoms. This condition is called thalamic syn-
drome or Dejerine- Roussy syndrome (see Box 65). In 
this case, ataxia is considered to be primarily caused by a 
partial lesion of the cerebellar relay center (see Section 3 of 
this chapter), but it may also be explained as sensory ataxia 
due to interruption of the proprioceptive input to the 
VPL. Any kind of involuntary movements may appear in 
the thalamic lesion, but chorea, dystonia, and slow rhyth-
mic movements (myorhythmia) are especially common 
in the infarction of the posterior lateral thalamus (Lera 
et al, 2000).

3.   VENTRAL ANTERIOR NUCLEUS AND 
VENTROLATERAL NUCLEUS AS THE   
MOTOR THALAMUS

The thalamic nuclei related to motor control (motor thal-
amus) are located in the ventral anterior part of the lateral 
nuclear group (Figure 27- 1). There is some confusion about 
the terminology of these motor nuclei. The terms VA and 
VL are used in the Jones classification, while the Hassler 
classification (Voa, Vop, and Vim) is used for deep brain 
stimulation, though there is no precise correlation between 
these two classifications (Krack et  al, 2002, for review; 
Molnar et al, 2005).

GABAergic fibers originating from the internal segment 
of the globus pallidus project to the ventral anterior nucleus 
(VA) and a part of the ventrolateral nucleus (VL) of the 
ipsilateral thalamus, which correspond to the anterior oral 
ventral nucleus (Voa) and the posterior oral ventral nucleus 
(Vop) in the Hassler classification (see Chapter 16- 2B).

Glutamatergic fibers originating from the cerebellar 
dentate nucleus project through the superior cerebellar 
peduncle mainly to the VL or the ventral intermediate 
nucleus (Vim) of the contralateral thalamus (Krack et al, 
2002, for review; Molnar et al, 2005) (see Chapter 16- 2C). 
However, as a result of recording from the thalamic nuclei 
during the treatment of tremor with deep brain stimulation, 
the local field potentials recorded from both Vop and Vim 
show correlation with the tremor of the contralateral hand 
at the tremor frequency (Marsden et  al, 2000; Katayama 
et al, 2005; Kane et al, 2009).

The motor thalamus receives its blood supply from the 
tuberothalamic artery, which bifurcates from the poste-
rior communicating artery (see Figure  9- 3). If the projec-
tion fibers from the basal ganglia to the motor thalamus are 
affected by infarction, a variety of symptoms such as hypoki-
nesia, thalamic hand, dystonic posture, chorea and athetosis 
might appear in the contralateral upper extremity. In con-
trast, with a lesion of the cerebellar projection to the motor 
thalamus, the contralateral hand shows ataxia, which may 
be combined with action tremor and myoclonus. Negative 
motor symptoms like ataxia appear from the time of stroke, 
but involuntary movements commonly develop sometime 
after the stroke (Lera et al, 2000; Lehericy et al, 2001).

Abnormal posture of the hand consisting of flexion of 
the metacarpophalangeal joints and extension of the inter-
phalangeal joints may appear in a vascular lesion of the 
thalamus (thalamic hand). However, as it is often associ-
ated with somatosensory abnormalities, dystonic posture, 
and other involuntary movements (see above), the thalamic 
hand may be modified in various ways.

4.   MEDIAL DORSAL NUCLEUS AS A RELAY 
CENTER TO THE PREFRONTAL CORTEX

The medial dorsal (mediodorsal) nucleus (MD) is situated 
at the most medial part of thalamus. It receives input from 
the hypothalamus, amygdala, ventral pallidum, and nucleus 
accumbens, and sends projections to the prefrontal cortex. It 
is believed that there is some functional localization in the 
MD and its projection to the prefrontal cortex is relatively 
localized. The prefrontal cortex receives inputs of all sensory 
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modalities, and under the influence of will and emotion, it 
plays an important role in higher brain functions such as 
attention, selection of behavior and its planning, execution 
and inhibition, learning, working memory, and long- term 
memory. Among others, the MD and the mammillothalamic 
tract compose an important memory circuit (see Chapter 22- 
1B). As the MD is closely connected to the hypothalamus, its 
lesion may cause sleep disturbance, autonomic dysfunction, 
and endocrine abnormalities (see Chapter 28).

The MD receives its blood supply from the parame-
dian thalamic artery, which bifurcates from the proximal 
part of  the posterior cerebral artery. As ischemia in the 
territory of that artery tends to affect the MD bilaterally, 
consciousness is impaired in the acute stage, and loss of 
initiative and emotional reaction and marked memory dis-
turbance remain in the chronic stage (see Chapter  22- 1B 
and Figure  22- 4). Furthermore, it often involves the ros-
tral midbrain and causes extraocular muscle paralysis and 
abnormalities of ocular movements.

5.   ANTERIOR NUCLEUS AND MEMORY

The anterior thalamic nucleus forms the Papez circuit as 
its important constituent and is related to memory (see 
Chapter  22- 1B). The information arising from the hippo-
campus is transmitted through the fornix to the mammillary 
body, and then through the mammillothalamic tract to the 
cingulate gyrus. As for the blood supply, the mammillotha-
lamic tract is supplied by either the tuberothalamic artery or 
the paramedian thalamic artery, and the anterior thalamic 
nucleus is mainly supplied by the paramedian thalamic artery. 
Thus, as the anterior nucleus and MD receive the blood sup-
ply from the same artery, infarction of that artery affects both 
structures and causes consciousness disturbance in the acute 
stage and marked memory disturbance in the recovery phase.

6.   PULVINAR AS A RELAY CENTER  
TO THE PARIETAL LOBE

The pulvinar is a relatively large structure situated in the 
posterior thalamus, and is connected to the parietal and 
temporal lobes. In monkey, the inferior part of the pulvinar 
receives input from the superior colliculus and projects to 
the MT area (see Chapter 7- 1F). As a result of functional 
MRI studies in human, it is believed that the pulvinar is 
involved in visual attention, ocular movement, recognition 
of facial expression, and language (Benarroch, 2015, for 

review). The pulvinar receives its blood supply from the 
posterior choroidal artery, thalamogeniculate artery, and 
paramedian thalamic artery. The pulvinar is known to be 
affected especially in variant Creutzfeldt- Jakob disease 
(mad cow disease), which is revealed as an abnormal signal 
on MRI (see Box 62) (Shinde et al, 2009).

Aphasia is known to occur in a lesion of the left thalamus, 
most likely by affecting the functional connection between 
the pulvinar and the cortex. Among others, naming, writing, 
and comprehension of spoken language are impaired in a left 
thalamic lesion (de Witte et al, 2011, for review).

7.   INTRALAMINAR NUCLEUS AS A RELAY 
CENTER OF THE ASCENDINg RET ICULAR 
ACTIVAT INg SYSTEM

The intralaminar nucleus (ILN) is formed of scattered neu-
ronal groups in the internal medullary lamina. It receives 
input from the brainstem reticular formation and sends 
projections to the cerebral cortex. There is some somato-
topic organization in the ILN, but each subgroup projects 
to a wider area of the cortex than the specific sensory relay 
nucleus. For example, the centrolateral nucleus of the ILN 
is known to project to the parietal cortex. The main func-
tion of the ILN is considered to increase the excitability of 
the sensory cortex and to facilitate the cortical reception 
at each specific receptive area. Electrical stimulation of 
the ILN is known to produce an arousal pattern on EEG. 
Multiple neurotransmitters are involved in the reticular 
activating system (see Chapter 4- 1).

The ILN also sends a powerful projection to the stri-
atum. Among others the centromedian parafascicu-
lar nucleus complex (CM- Pf complex) projects to the 
putamen and caudate nucleus. It is postulated that the CM- 
Pf complex is related to pain information processing and 
motor control, although its functions have not been clari-
fied in detail (Benabid, 2009, for review).

As the ILN is distributed widely in the thalamus, it 
receives blood supply from multiple arteries including the 
posterior choroidal artery, thalamogeniculate artery, and 
paramedian thalamic artery.

8.   RELAY NUCLEUS FOR THE V ISUAL  
AND AUDITORY SYSTEM

The lateral geniculate body (LGB) and the medial genicu-
late body (MGB) are situated in the posterior lateral part 
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of the thalamus, partially surrounded by the pulvinar. The 
LGB and MGB are important relay centers for the visual 
and auditory system, respectively. The LGB projects to 
the primary visual cortex in the calcarine fissure by main-
taining the retinotopic organization (Chapter 7- 1C). The 
MGB projects to the auditory cortex in the Heschl gyrus 
by maintaining the tonotopic organization (Chapter 12- 1). 
These two nuclei receive blood supply from the posterior 
choroidal artery, but the LGB is also supplied by the ante-
rior choroidal artery (see Figure 7- 4).

As all visual inputs from a hemifield cross at the optic 
chiasm and reach the contralateral LGB, its lesion causes 
the contralateral hemianopsia (see Figure  7- 5). In con-
trast, as the MGB receives inputs from both ears, its uni-
lateral lesion cannot be detected by an ordinary hearing 
test (see Figure  12- 2). However, as the proportion of 
crossed fibers is known to be larger than that of uncrossed 
fibers, auditory abnormality due to the MGB lesion 
might be detected by testing the auditory spatial recog-
nition or by recording the auditory evoked response with 
magnetoencephalogram (MEG).
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28.

HYPOTHALAMUS AND NEUROENDOCRINOLOgY

T he hypothalamus is a center for controlling import-
ant functions necessary for living, in close relation 
to the autonomic nervous system, endocrine system, 

sleep and circadian rhythm, emotion and its related behav-
ior, control of internal milieu necessary for adjusting to 
the external environment, and above all, integration of all 
those functions.

1.   STRUCTURE AND FUNCTION OF    
THE HYPOTHALAMUS

The hypothalamus is largely divided into the medial part 
and the lateral part. In the medial part, there are the 
paraventricular nucleus, supraoptic nucleus, and supra-
chiasmatic nucleus anteriorly, the dorsomedial nucleus, 
ventromedial nucleus and infundibular nucleus in the mid-
dle, and the posterior nucleus posteriorly (Figure 28- 1).   
Furthermore, the mammillary nucleus is in the mam-
millary body, which is located at the base of the third 
ventricle.

In the lateral part, there are no distinct nuclear divi-
sions, and it is called lateral hypothalamic area en bloc. 
The lateral hypothalamic area is penetrated by poorly 
demarcated fiber tracts called the medial forebrain bun-
dle, which projects to the frontal lobe and amygdala.

The paraventicular nucleus, suprachiasmatic nucleus, 
and mammillary body are clearly distinguishable, but 
other nuclei are not clearly demarcated, and many of those 
nuclei are connected to each other. The hypothalamus as 
a whole receives inputs from many brain areas and sends 
projections to many areas. In addition to multiple neu-
rotransmitters including acetylcholine, norepinephrine, 
dopamine, serotonin, histamine, and neuropeptides, the 
hypothalamus is characterized by the fact that multiple 
hormones participate in information transmission.

As for the autonomic functions, the sympathetic ner-
vous system and the parasympathetic nervous system are 

clearly distinguishable in the brainstem and spinal cord, 
but the distinction between the two systems is not clear 
in the hypothalamus (see Chapter 20- 1). The autonomic 
system in the hypothalamus is rather arranged in terms of 
specific functions.

2.   NEUROENDOCRINOLOgY

The hypothalamus is the highest center for controlling the 
endocrine system. Information from the hypothalamus 
is transmitted to each endocrine organ via the pituitary 
gland (hypophysis). The pituitary gland is divided into 
the anterior lobe and posterior lobe.

A .   A N T E R I O R  L O B E  O F   T H E  P I T U I T A R Y  g L A N D 
( A D E N O H Y P O P H Y S I S )

The anterior lobe of the pituitary gland, also called the 
adenohypophysis, receives releasing hormones from the 
hypothalamus via the hypophysial portal vascular sys-
tem, and the pituitary epithelial cells secrete growth 
hormone, thyroid stimulation hormone (TSH), adreno-
corticotropic hormone (ACTH), gonadotropic hormone, 
and prolactin. These hormones stimulate the respective 
target organs to produce hormones. There are two kinds 
of gonadotropic hormone:  follicle- stimulating hormone 
and luteinizing hormone.

There are three kinds of epithelial cells in the ante-
rior lobe of hypothalamus:  eosinophilic, basophilic, and 
chromophobe cells. It is known that the eosinophilic 
cells produce growth hormone and prolactin, but other 
hormones are postulated to be produced by basophilic 
cells. Eosinophilic pituitary adenoma causes gigantism 
in children and acromegaly in adults as a result of exces-
sive production of growth hormone. Furthermore, exces-
sive production of prolactin may cause galactorrhea or 
galactorrhea- amenorrhea syndrome in women.
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ACTH- producing pituitary adenoma, as a result 
of excessive production of glucocorticoid, causes central 
obesity, moon face, buffalo hump, striae and plethora of 
the skin, hypertension, proximal muscle weakness, and 
hypokalemia. This condition, called Cushing disease, is 
more common in women than in men. A  similar clinical 
picture may be seen in patients who are receiving cortico-
steroid treatment, or in association with adrenal tumor and 
aberrant ACTH- producing tumor. This condition is called 
Cushing syndrome.

The releasing hormones produced in the hypothalamus 
are also known to be transmitted to brain regions other 
than the pituitary gland through the nerve fiber connec-
tion. Those examples are thyrotropin- releasing hormone 
(TRH), corticotropin- releasing hormone (CRH), and 
somatostatin.

B .   P O S T E R I O R  L O B E  O F   T H E  P I T U I T A R Y  g L A N D 
( N E U R O H Y P O P H Y S I S )

The posterior lobe of pituitary gland, also called the 
neurohypophysis, is directly innervated by the hypo-
thalamus via the hypothalamohypophysial tract. The 
related hormones are antidiuretic hormone (ADH), 

also called vasopression, and oxytocin. These two hor-
mones are produced in the paraventricular nucleus and 
the supraoptic nucleus, and they are examples of quite 
unique hormones that are transmitted to the posterior 
lobe via the axonal flow of the tract. Thus, cells of these 
two nuclei are called neurosecretory cells. Among these 
nuclei, ADH is primarily produced in the supraoptic 
nucleus, and oxytocin is mainly produced in the para-
ventricular nucleus. ADH acts on the water channel, 
aquaporin in the kidney, and promotes reabsorption of 
water, so that it suppresses urinary excretion. Cells of 
the supraoptic nucleus and other hypothalamic areas 
are considered to be equipped with receptors sensitive 
to the osmotic pressure of blood, thus controlling the 
water content. Furthermore, ADH is known to act on 
the blood vessels to contract their smooth muscles. That 
is why it is also called vasopressin.

If ADH secretion is impaired due to a hypothalamic 
lesion, its antidiuretic action is lost, causing diabetes insip-
idus. In contrast, if ADH is excessively produced by various 
etiologies, the osmotic pressure and sodium level of blood 
are decreased because urinary excretion is decreased, and 
the osmotic pressure of urine is increased. This condition 
is called syndrome of inappropriate secretion of ADH 
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Figure 28- 1 Schematic diagram showing main nuclei of the hypothalamus. Sagittal view. nucl.: nucleus, interm.: intermedia. (Modified from Brodal, 
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(SIADH), and should be kept in mind when dealing with 
hyponatremia of unknown etiology. The SIADH is not 
infrequently seen in patients with neuromyelitis optica who 
have positive antibody against aquaporin- 4 (see Box 35), 
and it may even appear as the initial symptom of neuromy-
elitis optica (Iorio et al, 2011).

Wolfram syndrome is characterized by familial occur-
rence of diabetes insipidus. This disease is transmitted in 
autosomal recessive inheritance and affects young peo-
ple with diabetes insipidus, diabetes mellitus, optic atro-
phy, and deafness (DIDMOAD). Multiple mutations of 
WFS1 gene are known, and some cases might also show 
cognitive disturbance and epileptic seizures (Chaussenot 
et al, 2011).

Oxytocin is produced mainly in the paraventricular 
nucleus. As it provokes contraction of the uterine smooth 
muscles, it plays an important role in obstetric deliveries. 
Furthermore, oxytocin promotes milk secretion by increas-
ing contraction of the mammary smooth muscles. It is con-
sidered that sucking of mammary papilla by the newborn 
sends somatosensory input to the paraventricular nucleus, 
which activates the secretory cells to promote oxytocin and 
increases milk secretion.

The pituitary gland may be affected by congenital 
tumors, especially craniopharyngioma, which is more 
common in children and may present with various endo-
crine disorders such as small stature, hypothyroidism and 
diabetes insipidus, and visual disturbance associated with 
signs of increased intracranial pressure.

3.   ADJUSTMENT TO THE EXTERNAL 
ENVIRONMENT AND CONTROL OF THE 
INTERNAL MIL IEU

The hypothalamus is important for the control of body 
temperature, feeding and nutrition, circadian rhythm, and 
sexual functions. Functional localization within the hypo-
thalamus is not clearly known, but it is often named by 
attaching “center” to each function.

A .   C O N T R O L  O F   C I R C A D I A N   R H Y T H M

For this function, the suprachiasmatic nucleus, located 
just above the optic chiasm, receives impulses generated by 
light through a branch of the optic tract (see Chapter  7- 
1B) and activates the pineal gland to promote secretion of 

melatonin, which is important for controlling the circadian 
rhythm.

B .   C O N T R O L  O F   F E E D I N g

Based on experimental stimulation of hypothalamus in 
animals, it is postulated that the lateral part of hypo-
thalamus promotes feeding (feeding center) and the 
medial part, especially the ventromedial nucleus, sup-
presses feeding (satiety center). Lesion of the satiety cen-
ter causes hyperphagia. Episodes of abnormal behavior 
characterized by hyperphagia and hypersomnia is known 
as Kleine- Levin syndrome (see Chapter  24- 3F). This 
syndrome is considered to be caused by disturbed control 
mechanism of both circadian rhythm and feeding.

C .   C O N T R O L  O F   B O D Y  T E M P E R A T U R E

As a result of experimental studies in animals, the ante-
rior part of the hypothalamus is activated when the core 
temperature is excessively elevated, and it lowers the tem-
perature by dilating the subcutaneous blood vessels and 
by increasing sweating. In contrast, the posterior part 
becomes active when the core temperature is excessively 
low, and it elevates the temperature by promoting shiver-
ing and voluntary muscle contraction. Thus, these parts of 
the hypothalamus are considered to serve as a thermostat. 
As the hypothalamus is commonly affected by a necrotic 
lesion associated with small hemorrhages in Wernicke 
encephalopathy, the control mechanism of body tem-
perature is severely impaired, resulting in marked fluc-
tuation of the body temperature (poikilothermia) (see 
Box 74).

As the mammillary nucleus is an important compo-
nent of memory circuits, its lesion causes marked mem-
ory loss and confabulation (Korsakoff syndrome) (see 
Chapter  22- 1B). Furthermore, although the functional 
localization is not clear, the hypothalamus is known to con-
trol sexual behavior via the gonadotropic hormones and the 
autonomic nervous system.

D.   H O M E O S T A S I S

As described above, the hypothalamus plays an import-
ant role in integrating the control mechanisms of the 
autonomic nervous system, endocrine system and behav-
iors, and it is the control center indispensable for the 
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maintenance and control of living. The hypothalamus is 
also considered to be involved in the control of the immu-
nological system. Control of the interaction between psy-
chological function and the somatic activities is another 
important function of hypothalamus. Thus, a lesion of the 
hypothalamus causes psychosomatic diseases, and that is 
why the hypothalamus is a target organ for the research of 
psychosomatic medicine.
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29.

NEUROLOgIC EMERgENCY

A neurologic emergency is defined as a condition 
that is life- threatening or in which the patient is 
faced with poor functional recovery unless treated 

promptly. Among others, respiratory paralysis and distur-
bance of consciousness are life- threatening (Table 29- 1).   
Regarding disturbance of consciousness, diagnosis and 
treatment of coma are described in Section 5 of this 
chapter.

1.   D ISORDERS WITH RESPIRATORY 
PARALYSIS

When faced with patients who cannot breathe, it is 
important to exclude mechanical suffocation such as aspi-
ration before considering paralysis of respiratory muscles 
due to neurologic disorders. Among neurologic disor-
ders, myasthenia gravis, Guillain- Barré syndrome, acute 
anterior poliomyelitis, brainstem encephalitis, and acute 
intoxication with puffer poison (tetrodotoxin) and botu-
linum toxin are important causes of respiratory paralysis 
(Box 97). It is noteworthy that motor neuron diseases, 
although they are chronic progressive conditions, may 
cause respiratory paralysis rather acutely.

A .   C R I S I S  O F   M Y A S T H E N I A   g R A V I S

Symptoms of myasthenia gravis may become suddenly 
worse (crisis). There are two kinds of crisis:  myasthenic 
crisis and cholinergic crisis. In myasthenic crisis, nico-
tinic acetylcholine is insufficient at the neuromuscular 
junction due to worsening of myasthenia in association 
with upper respiratory infection, insufficient dose of cho-
linesterase inhibitors, or reduced effectiveness of drugs. 
Clinically, excretion of airway discharge becomes diffi-
cult because of weakness of respiratory as well as bulbar 
muscles. Cholinergic crisis is caused by excessive doses 

of cholinesterase inhibitors. Clinically, airway secretion 
is increased due to increased muscarinic transmission, 
which worsens respiration. For either type of crisis, the 
first procedure to be taken is to aspirate the airway, and 
if necessary, the airway should be managed by intubation. 
Differentiation between the two types of crisis can be esti-
mated from the history and physical examination, but it 
should be confirmed by the tensilon test.

Edrophonium (Tension) Test

This test is done by intravenous injection of a cholines-
terase inhibitor to confirm the diagnosis of myasthenia 
gravis and to distinguish between myasthenic crisis and 
cholinergic crisis. As the edrophonium increases airway 
discharge due to increased muscarinic transmission of 
acetylcholine, it may make the interpretation of the test 
difficult in some cases. In that case, it is useful to inject 0.5 
mg of atropine sulfate subcutaneously or intramuscularly 
before the test to prevent excessive airway discharge. As 
atropine inhibits only muscarinic transmission and not 
nicotinic transmission, it does not affect neuromuscular 
transmission (see Chapter 20- 1).

To perform the Tensilon test, 10 mg of edrophonium 
is injected intravenously, but it is effective to inject 2 mg 
over a period of the first 30 seconds, and if the myas-
thenic symptoms either improve or worsen, the test can 
be stopped, and it is not necessary to complete the test. If 
no change occurs with 2 mg, then the remaining 8 mg may 
be injected over a period of another 30 seconds. If muscle 
weakness improves by this test, it suggests myasthenic cri-
sis, and if it worsens, it suggests cholinergic crisis.

For the immunotherapy of crisis, plasmapheresis used 
to be considered superior, but Mandawat et  al. (2010) 
reported that intravenous immunoglobulin (IVIg) was 
equally effective with less complications and expense com-
pared with plasmapheresis.
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B .   g U I L L A I N -  B A R R É  S Y N D R O M E

In many cases of Guillain- Barré syndrome, muscle weakness 
begins in the lower extremities and ascends up to the tho-
racic level, and may cause dyspnea. In some cases, however, 
dyspnea might predominate from the early clinical stage. 
Cranial muscles might also be involved. Guillain- Barré 
syndrome is typically associated with reduction in tendon 
reflexes. Treatment primarily consists of immunosuppres-
sive therapy, but airway management with a respirator may 
be needed in severe cases. Intravenous immunoglobulin 
and plasma exchange have been proven effective (van den 

Berg et al, 2014 for review). A study of a large number of 
cases from the United States showed that, even in the acute 
stage, the use of plasmapheresis is decreasing while IVIg is 
increasingly used (Alshekhlee et al, 2008).

C .   A C U T E  A N T E R I O R  P O L I O M Y E L I T I S

In the past, acute anterior poliomyelitis (polio) due 
to polio virus infection was the most common cause 
of acute infectious diseases causing motor paralysis. 
Clinically it is characterized by weakness of either of 
four extremities (monoplegia), but other extremities 
may also be involved to a certain extent, and tendon 
reflexes are diffusely lost. Sensory symptoms may be also 
seen, although this is rare. Polio has nearly disappeared 
in most advanced countries as a result of wide use of vac-
cination, but it may still be encountered in developing 
regions (see Chapter 16- 3C).

D.   A C U T E  B R A I N S T E M   L E S I O N

As there is a respiratory center in the brainstem, acute respi-
ratory paralysis may be seen in inflammatory or vascular 
lesions of the brainstem. A  representative form of brain-
stem encephalitis is Bickerstaff brainstem encephalitis. 
Infarction or hemorrhage of the brainstem might cause 
sudden dyspnea. Mechanisms of respiratory abnormalities 
due to brainstem lesions are described in Section 5- C of 
this chapter.

E .   A M Y O T R O P H I C  L A T E R A L  S C L E R O S I S

As amyotrophic lateral sclerosis is a slowly progressive dis-
ease, possible occurrence of dyspnea can be predicted in 
most cases. In some cases, however, it might show rapid 
progression at some point during the clinical course, 
resulting in acute respiratory paralysis. Although it 
depends on the patient’s circumstance, it is advisable to 
explain the situation to the patient and his family before-
hand and to discuss what to do when respiration becomes 
very weak.

2.   D ISORDERS WITH DISTURBANCE 
OF CONSCIOUSNESS

As discussed in Chapter  4- 2, when faced with patients 
with disturbance of consciousness, it is important to judge 
whether it is due to a decrease or loss of neuronal excitability 

BOX 97 ACUTE POISONINg CAUSINg RESPIRATORY 

PARALYSIS

As intoxication may occur unexpectedly, it is always important 

to prepare for the emergency. Among others, intoxications 

with puffer toxin and botulinum toxin are notorious for causing 

acute respiratory paralysis. As a result of oral intake of the 

puffer toxin (tetrodotoxin), which is contained in the liver and 

testis of the puffer fish, the voltage- gated sodium channel is 

blocked. Clinically, perioral numbness begins several minutes 

after intake of the toxin, which spreads to the whole body, and 

flaccid paralysis rapidly develops causing breathlessness. It 

can only be treated by artificial support of respiration. Botulism 

is caused by oral intake of the botulinum toxin, which is pro-

duced by Clostridium botulinum. A typical source of intoxication 

is a homemade canned food at high altitude where water boils 

at a lower temperature. Botulinum toxin severs a protein in the 

presynaptic nerve terminal that is important for the release 

of neurotransmitters, and thus inhibits acetylcholine release 

at the neuromuscular junction. Clinically, first the abducens 

muscle is paralyzed several hours after intake of the toxin, 

followed by paralysis of other extraocular muscles and bulbar 

muscles, and finally respiratory paralysis. For treatment, respi-

ration should be supported first, and then gastric lavage and 

administration of antitoxin are necessary. It is noteworthy that 

local injection of this toxin is nowadays used for treatment of 

various movement disorders, pain, and disorders of the auto-

nomic nervous system as well as wrinkles.

In intoxication with insecticides containing organophos-

phate, cholinesterase is inhibited so that the nicotinic as well 

as muscarinic cholinergic transmission becomes hyperactive, 

causing respiratory paralysis and increased airway secretion. 

For treatment of the acute phase, in addition to the support 

of respiration, atropine sulfate and pralidoxime (PAM) may be 

administered.
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of the consciousness center (nonepileptic disorders) or due 
to its excessive excitation (epileptic disorders). In case of 
disturbance of consciousness associated with convulsive 
seizures, the patient should be placed in a safe environment 
with clothes loosened and the tongue guarded from injury. 
For adult patients, 10 mg of diazepam can be intravenously 
injected while watching the respiration. If the seizures still 
occur repeatedly, more intensive treatment for status epi-
lepticus is warranted.

Nonepileptic Disorders with Disturbance 
of Consciousness

Patients with nonepileptic disorders presenting with dis-
turbance of consciousness may be examined systematically 
as shown in Figure 29- 1 for an example. First, vital signs 
should be checked, and if necessary, airway support and 

other primary care should be provided. At the same time, 
level of consciousness disturbance (coma scale) can be 
evaluated. Then, the eyes, face, and extremities should be 
observed, looking for any asymmetry between the two 
sides, including conjugate deviation of eyes, asymmetry of 
nasolabial lines, and asymmetry of posture, muscle tone, 
strength, tendon reflexes, and plantar reflex of extremities. 
If any of the above items is found asymmetric, it highly 
suggests the presence of a focal organic lesion in the brain 
parenchyma, and a neuroimaging study with CT or MRI 
is indicated. In cerebral infarction, the conventional CT or 
MRI may not show any abnormality within 24 hours after 
the onset of clinical symptoms. However, special imaging 
techniques such as diffusion MRI may detect a very early 
ischemic lesion. If the neuroimaging study does not reveal 
any abnormality in spite of clinical evidence of asymmetry, 
blood and cerebrospinal fluid should be examined for pos-
sible inflammatory diseases.

In cases where there is no asymmetry in the eyes, face, or 
extremities, signs suggestive of meningeal irritation should 
be checked, including nuchal stiffness and the Kernig sign 
(see Chapter  15- 1). If nuchal stiffness or the Kernig sign 
is judged positive, then a neuroimaging study should be 
done looking for any evidence of intracranial hemorrhage. 
In this regard, it should be kept in mind that nuchal stiff-
ness may not be detected until 24 hours after subarachnoid 
hemorrhage. If there is no evidence of hemorrhage on the 
neuroimaging study in patients with positive meningeal 
irritation, the cerebrospinal fluid should be examined for 
possible meningitis.

If there is no sign suggestive of meningeal irrita-
tion, the patient may have metabolic or toxic disorders, 
or anoxic encephalopathy. In these cases, EEG should 
be obtained, and blood should be tested for electro-
lytes, glucose level, liver functions including ammo-
nium, renal functions, and various endocrine tests (Box 
98). Furthermore, it is extremely important to save a 
blood sample for possible intoxication with drugs or 
insecticides.

If EEG shows triphasic waves, it most likely suggests 
metabolic encephalopathy. In particular, when the tripha-
sic waves occur almost continuously, it strongly suggests 
hepatic encephalopathy (see Figure 22- 2). In cases of severe 
anoxic encephalopathy, periodic synchronous discharges 
(PSD) as seen in Creutzfeldt- Jakob disease may appear on 
EEG, but PSD in anoxic encephalopathy does not continue 
and tends to change rapidly, whereas PSD in Creutzfeldt- 
Jakob disease is persistent at least for a certain period of the 
clinical course.

TABLE 29-  1  CAUSES OF NEUROLOgIC EMERgENCIES

1. Respiratory paralysis

a. Crisis of myasthenia gravis

b. Guillain- Barré syndrome

c. Motor neuron diseases

d. Acute anterior poliomyelitis

e. Brainstem encephalitis

f. Brainstem vascular lesion

g.  Acute intoxication: puffer (tetrodotoxin), botulinum,   
organophosphate, etc.

2. Disturbance of consciousness

a. Status epilepticus

b. Nonepileptic disorders

Metabolic and toxic encephalopathies

Anoxic encephalopathy

Meningoencephalitis

Intracranial hemorrhage

Cerebral herniation

3. Continuous spasm other than epilepsy

a. Tetanus

4.  Conditions in which functional recovery is poor unless treated 
promptly

a. Acute compression of spinal cord

b. Progressive ischemic cerebrovascular diseases

c. Acute meningoencephalitis
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3.   STATUS EPILEPT ICUS

Frequent occurrence of epileptic seizures associated with 
continuous disturbance of consciousness even during 
the intervals is called status epilepticus. Complex par-
tial seizure like psychomotor seizure may fall into status, 
but the status of generalized convulsive seizures, in par-
ticular, requires emergency treatment. New- onset status 
epilepticus in the adult population is often cryptogenic, 
but among the identified causes, autoimmune encephalitis 
or paraneoplastic encephalitis is most common (Gaspard 
et al, 2015).

Treatment of Convulsive Status Epilepticus

The patient with convulsive status epilepticus should be 
placed in a safe environment, and vital signs should be 
checked. The airway support, blood pressure maintenance, 
and intravenous route should be established as necessary. 
There are a number of pharmacological approaches to treat 
status epilepticus (Abend et al, 2015, and Betjemann et al, 

2015, for review). The pharmacological treatment may 
start with intravenous injection of 10 mg of diazepam over 
a period of 30 ~ 60 seconds. If convulsion recurs, another 
dose of 10 mg diazepam may be added while paying atten-
tion to respiration. Furthermore, 15 ~ 20 mg of phenytoin 
per kilogram of body weight may be infused intravenously 
with a rate of 50 mg per minute. If convulsions still occur 
repeatedly, general anesthesia may be needed in an intensive 
care unit with respiratory support. For anesthetics, midaz-
olam or isoflurane may be used. For laboratory tests, blood 
should be drawn for complete blood count and chemistry, 
but EEG and neuroimaging study can be done after the 
condition is stabilized. During the status, EEG is expected 
to show marked diffuse abnormality with a lot of move-
ment artifacts, and therefore EEG can be obtained more 
effectively after the convulsions diminish in their degree 
and frequency.

Tetanus

From the viewpoint of intensive care, tetanus is clinically 
similar to generalized convulsive status, although they are 
caused by different mechanisms (Chapter 16- 3E). Patients 
with tetanus are extremely sensitive to external stimuli, 
and even a small sound or touch may cause generalized 
muscle spasm and opisthotonus. Therefore, it is import-
ant to place the patient in a dark, quiet room with inten-
sive care just like the case of convulsive status epilepticus. 
Active treatment for the causative organism, Clostridium 
tetani, should be started with chemotherapy with penicil-
lin G and tetanobulin, which is antitoxin immunoglob-
ulin. As an extremely large dose of tetanobulin has to 
be injected intramuscularly (3,000 ~ 6,000 unit), intra-
venous infusion of tetanobulin IH is more practical and 
recommended.

4.   CONDIT IONS EXPECTED TO HAVE 
POOR FUNCTIONAL RECOVERY UNLESS 
APPROPRIATELY  TREATED AT  EARLY 
CL INICAL STAgE

Some conditions, although there may be no respiratory 
paralysis, no disturbance of consciousness, or no convul-
sive status epilepticus, may have to be treated appropriately 
at early clinical stage in order to obtain as good functional 
recovery as possible. These are acute compression of spi-
nal cord, progressive ischemic brain lesion, and acute 
meningoencephalitis (Box 99).

BOX 98 REYE SYNDROME

Reye syndrome in the narrow sense affects children over 

5 years of age with vomiting, disturbance of consciousness, 

and intracranial hypertension during the recovery stage of in-

fection, and convulsions may occur in severe cases. On labo-

ratory tests, elevation of aminotransferase (AST, ALT) and am-

monium in blood, hypoglycemia, fatty degeneration of hepatic 

cells, and diffuse brain edema are found. By contrast, there is 

no abnormality in the cerebrospinal fluid, which helps to differ-

entiate it from acute meningoencephalitis. Reye syndrome is 

known to occur commonly in children who received salicylate 

medication for the preceding infection, but its causative rela-

tion has not been completely established. The pathophysiology 

of Reye syndrome has been poorly elucidated, but it is pos-

tulated to be caused by mitochondrial dysfunction of hepatic 

cells (Mizuguchi et al, 2007, for review).

A similar clinical picture may be seen in infants and 

adults. Among others, encephalopathy associated with influ-

enza virus infection (influenza encephalopathy) is well known 

(Yamada et al, 2012). Especially in children who have con-

genital metabolic abnormalities, similar encephalopathy may 

be provoked by infection or hypoglycemia. Therefore, it may 

be reasonable to refer to classical Reye syndrome as Reye 

disease, and other similar conditions might be distinguished 

as Reye syndrome.
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A .   A C U T E  C O M P R E S S I O N  O F   S P I N A L   C O R D

If the spinal cord is acutely compressed by a mass or 
trauma, surgical decompression within 6 hours of com-
pression is considered to be necessary for functional 
recovery. The degree of compression can be judged clin-
ically, but of course MRI is very useful. In order to detect 
abnormalities of the vertebral bone itself, plain X- ray of 
the spine is also useful. Causes of acute extramedullary 
compression include vertebral trauma, extramedullary 
tumor, vertebral fracture due to metastatic tumor, and 
extradural abscess. Extramedullary tumors of spinal 
cord are different depending on the age of patients and 
site of vertebra, but neurofibroma, meningioma, and met-
astatic tumor are common. Acute myelogenous leukemia 
might form a mass and compress the spinal cord (Graff- 
Radford et al, 2012). As a result of worldwide expansion 
of human immunodeficiency virus (HIV), tuberculosis 
is increasing. In those regions, paraplegia might be seen 

from compression of the spinal cord by abscess or fracture 
due to vertebral tuberculosis (Pott paraplegia).

B .   P R O g R E S S I V E  I S C H E M I C  C E R E B R O V A S C U L A R 
D I S E A S E S

In contrast with cerebral embolism, in which symptoms 
develop abruptly, symptoms in cerebral thrombosis usually 
take a few hours or even longer to reach their peak after the 
initial symptom develops. Some cases of cerebral throm-
bosis, however, show progressive course even several hours 
after the onset, in which case active thrombolytic therapy 
is necessary. In particular, progressive ischemia in the ver-
tebrobasilar artery territory requires special attention and 
quick approach.

Recently thrombolytic therapy with tissue plasmino-
gen activator (tPA) is widely used for promoting functional 
recovery. Patients in the acute phase of cerebral infarction 
are candidates for this therapy, as far as there is no history of 
hypertension, or mild if any, and no neuroimaging evidence 
of intracranial hemorrhage. It is important to start this 
therapy as soon as possible, ideally within 3 hours but prac-
tically within 4½ hours, after the onset of the initial symp-
tom (American Academy of Neurology Practice Advisory, 
1996; Minematsu et al, 2013).

5.   EXAMINATION OF COMA

All cases of coma require an emergency approach. When 
a patient is brought to an emergency room in comatose 
state, the first thing to do is to check vital signs. If the 
patient is not breathing or is only poorly breathing, air-
way support with artificial respiration should be started. 
After checking pulse rate and blood pressure, fluid infu-
sion and drugs for maintaining blood pressure may be 
started as necessary. If no information is available, it is 
safe to start with intravenous infusion of 5% glucose solu-
tion. Thiamine is always given together with the glucose 
to prevent the precipitation of Wernicke’s encephalopa-
thy. If drug use is prevalent in the area, naloxone might be 
administered as well.

After vital signs are stabilized, then etiology of coma 
may be evaluated (Table 29- 2). Usually, at least some infor-
mation is obtained from the family or the accompanying 
persons, but if no source of information is available, physical 
examination should be started immediately. Evaluation of 
comatose patients can be executed according to the general 
principle shown in Figure 29- 1. Practically, it is reasonable 

BOX 99 ACUTE MENINgOENCEPHALITIS

Acute infectious meningoencephalitis might leave severe neu-

rologic residuals due to internal hydrocephalus and/ or cere-

bral parenchymal lesions unless it is appropriately treated at 

early stage. In aseptic meningitis (viral meningitis) and puru-

lent meningitis due to bacterial infection, the meninges are pri-

marily affected rather than the brain parenchyma. In purulent 

meningitis, it is important to identify the causative bacteria 

promptly and to give appropriate antibiotics. In adults, Strep-

tococcus pneumoniae, Neisseria meningitidis, and Hemophilus 

influenzae commonly cause aute meningitis. Causative virus-

es for aseptic meningitis include coxackie A and B, echovirus, 

and mumps. By contrast, subacute meningitis is often caused 

by tuberculosis and fungus such as Cryptococcus and Candida 

albicans.

The most common cause of acute encephalitis is viral in-

fection, followed by autoimmune encephalitis. In viral enceph-

alitis, the common pathogens are different depending on the 

geographical region. The most common pathogen in the United 

States is herpes simplex virus, followed by varicella- zoster vi-

rus, West Nile virus, Epstein- Barr virus, and HIV (Singh et al, 

2015). Japanese B virus encephalitis is also common in Ja-

pan. Advanced age, immunocompromised state, and coma 

portend a worse prognosis (Singh et al, 2015). It is important 

to administer antivirus agents from the early stage, combined 

with symptomatic treatment for brain edema and convulsive 

seizures.
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to pursue the examination focusing on the following four 
points.

A .   D E g R E E  O F   C O M A  ( C O M A  S C A L I N g )

In order to judge whether a patient is in deep coma or not, 
it is important to apply the most effective painful stimulus. 
Strong pressure of the supraorbital nerve at the eyebrow 
by the examiner’s thumb, strong pressure of the jaw with 
the examiner’s thumbs from its two sides, or pinching the 
fingertip with the examiner’s thumb and index finger may 
be adopted. For scaling the degree of coma, Coma Scales 
shown in Tables 4- 2 and 4- 3 may be used.

B .   P R E S E N C E  O R  A B S E N C E  O F   A S Y M M E T R Y 
I N   N E U R O L O g I C   S I g N S

As described in Section 2 of this chapter, asymmetry of neu-
rologic signs, if present, provides an important clue to the 
etiology of coma. First, spontaneous position of the eyes 
should be observed as to whether there is any conjugate 

deviation or not (see Chapter 9- 2 for detail). Disconjugate 
deviation is rare, but if present, it highly suggests the pres-
ence of a brainstem lesion. The left and right nasolabial 
lines should be compared for any asymmetry, although 
this observation is often faced with difficulty because of 
intubation. Then extremities should be checked for any 
asymmetry of posture, muscle tone, muscle strength, ten-
don reflex, and plantar reflex between the two sides. For 
practical purposes, the patient’s arms or legs are lifted by 
the examiner and then they can let them fall. The paralyzed 
or more flaccid side will fall earlier than the intact or less 
affected side. In fact, in comatose patients, motor paralysis 
is most often of flaccid type. If any of the above signs is 
found to be asymmetric, it suggests the presence of a gross 
organic lesion in the contralateral cerebral hemisphere 
causing the coma.

Conjugate Deviation of Eyes

Conjugate deviation of the eyes, if present, gives an 
important clue to the anatomical diagnosis. If the frontal 
lobe is unilaterally affected, eyes deviate to the side of the 
lesion, because lateral gaze to the contralateral side is par-
alyzed. An exception to this rule is thalamic hemorrhage, 
which may be associated with conjugate deviation of eyes to 
the side contralateral to the lesion at least in the acute phase, 
which is considered to be a positive neurologic symptom. In 
contrast, a unilateral lesion of the pontine tegmentum may 
cause conjugate or disconjugate deviation of the eyes to the 
side contralateral to the lesion (see Figure 9- 5).

C .   E X A M I N A T I O N  O F   B R A I N S T E M  F U N C T I O N S

As the brainstem contains important centers for control-
ling vital signs, the center of consciousness (see Figure 4- 1),   
and many reflex arcs that can be clinically tested in coma-
tose patients, testing of brainstem functions plays a key role 
in the neurologic examination of comatose patients.

1)  Observation of Respiration

The respiratory center is widely distributed in the brain-
stem, but the medullary respiratory center that is located 
in the ventral lateral part of medullary reticular formation, 
and the pontine respiratory center that is located in the pon-
tine reticular formation, play main roles (see Figure  5- 4).   
The medullary respiratory center is also called the ventral 
respiratory group, and receives information about move-
ment of the thorax and lung, and pH and carbon dioxide 
content of blood, and controls rhythmicity of the motor 

TABLE 29-  2  CAUSES OF COMA

1. Associated with meningeal irritation

Subarachnoid hemorrhage

Ventricular rupture of intracerebral hemorrhage

Meningoencephalitis

2. Associated with focal neurologic signs

Intracerebral hemorrhage

Cerebral contusion

Cerebral embolism

Intracranial subdural hematoma

Brain tumor

Brain abscess

Brainstem hemorrhage

Brainstem infarction

3. Associated with neither meningeal irritation nor focal sign

Toxic encephalopathy (ethanol, narcotics, carbon monoxide, etc.)

Metabolic encephalopathy (diabetes mellitus, hypoglycemia, uremia, 
hepatic failure)

Anoxic encephalopathy

Shock (hemorrhage of organs other than brain)

Cardiac failure

Postictal state
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neurons innervating the diaphragm and other respiratory 
muscles. The pontine respiratory center is believed to con-
trol spontaneous breathing, which is maintained by the 
medullary respiratory center.

Repetitive occurrence of phases of hyperventilation 
and apnea is known as Cheyne- Stokes respiration. In 
this case, breathing gradually becomes deeper, and after 
reaching the peak, it gradually becomes shallower, fol-
lowed by short apnea, and this cycle is repeated. As a result 
of these repetitive cycles, it is dominated by hyperventi-
lation and results in respiratory alkalosis. Cheyne- Stokes 
respiration is seen in association with transtentorial her-
niation due to a space- occupying hemispheric lesion, 
with a lesion of the rostral brainstem, or with metabolic 
encephalopathy.

Continuous hyperventilation, associated with a decrease 
in partial pressure of carbon dioxide (PCO2) and with an 
increase in partial pressure of oxygen (PO2) and pH in arte-
rial blood, in spite of absence of drug effect or metabolic 
acidosis, is called central neurogenic hyperventilation. 
This state is commonly seen in association with a pontine 

tumor, and is characterized by continuous hyperventila-
tion even during sleep. It is considered to be an excitatory 
effect of the pontine respiratory center and chemoreceptors 
(Tarulli et al, 2005).

By contrast with hyperventilation, the condition in 
which ventilatory volume of each breath is increased 
(hyperpnea) and the respiratory rate per minute is also 
increased (tachypnea) is not necessarily associated with a 
decrease in PCO2. Hyperpnea seen in metabolic acidosis is 
called Kussmaul respiration.

Arrest of respiration in the deep inspiratory phase is 
called apneustic breathing. Normally, the apneustic cen-
ter in the pontine respiratory center is suppressed by the 
pneumotaxic center so that the inspiratory phase can shift 
to the expiratory phase, and impairment of this mecha-
nism is considered to cause apneustic breathing (El- Khatib 
et al, 2003).

Irregular breathing in terms of depth and period is 
called ataxic breathing, and it occurs when the medullary 
respiratory center is impaired. If spontaneous (automatic) 
breathing is lost due to a medullary lesion, only voluntary 

Confirmation of vital signs and coma scale

Asymmetry of eyes, face or extremities

Yes

Organic lesion on CT or MRI

NoYes

Treatment for 
organic lesion

Blood chemistry
CSF

No

Meningeal irritation

NoYes 

NoYes  

Treatment for
subarachnoid
hemorrhage

Hemorrhage
on CT or MRI

EEG
Blood for drugs, 
metabolic, anoxic

CSF

Figure 29- 1 Flow chart to show steps of procedures for examining patients with disturbance of consciousness. CSF: cerebrospinal fluid.
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breathing is left intact. In this condition, breathing might 
stop during sleep or decreased vigilance, the condition 
called the Ondine curse.

As the brainstem respiratory centers are easily inhibited 
by anesthetics, barbiturates, hunger, and metabolic alkalo-
sis, a possibility of drug effect and of those general systemic 
conditions has to be taken into account when examining 
respiration.

2)  Brainstem Reflexes

As ordinary motor and sensory functions are impossible to 
test in comatose patients, reflexes are the only objective signs 
that can be tested. It is practical to test the brainstem reflexes 
starting from the midbrain level through the medullary 
level, namely light reflex, corneal reflex, oculocephalic reflex 
or doll’s eye sign, gag reflex, and cough reflex in this order.

Light Reflex

The neural circuit of the light reflex is composed of the 
optic nerve as its afferent arc and the oculomotor nerve as 
its efferent arc with the reflex center in the midbrain (see 
Figure  7- 6). As comatose patients are usually placed in a 
well- lit room like an intensive care unit, it is better to test 
the light reflex after dimming the room. That is because the 
pupils might be already shrunk because of the room light, 
which might mislead judgment as to the presence or absence 
of the light reflex. Even in a bright room, however, it may be 
still possible to detect the pupillary reaction, if any, just after 
passively opening the eyelids, because it takes a short but 
recognizable time for pupils to react to light. Namely, if the 
pupils shrink after opening the eyelids in a bright room, it 
might be sufficient to confirm the presence of light reflex. 
At any rate, it is important to use a sufficiently bright light 
stimulus to test this reflex.

Corneal Reflex

The neural circuit of the corneal reflex is composed of the 
first branch of the trigeminal nerve (ophthalmic nerve) as 
its afferent arc and the facial nerve as its efferent arc with 
the reflex center in the pons (see Figure 10- 3). As the eye-
lids are usually kept closed in comatose patients, the cornea 
can be stimulated with the tip of a twisted paper string or 
wisp of cotton while the eye to be tested is kept open by the 
examiner’s hand. As nociceptive receptors are present in the 
cornea but not in the bulbar conjunctiva, it is important 
to stimulate the cornea instead of the sclera. As the stim-
ulated eye is kept open by the examiner, the reaction can 

be judged by observing contraction of the orbicularis oculi 
muscle of the nonstimulated side. If the reflex is sufficiently 
preserved, the reaction of the stimulated eyelids can be felt 
by the examiner’s hand, but when the reaction is weak, it is 
more easily detected in the contralateral eye.

A similar reflex can be elicited by touching the cilia (cil-
iary reflex). However, as this reflex is less sensitive than the 
corneal reflex, the corneal reflex has to be tested even if the 
ciliary reflex is absent.

Doll’s Eye Sign

The neural circuit of the oculocephalic reflex is composed of the 
vestibulocochlear nerve (receptors in the semicircular canal) 
and cervical nerve (receptors in the cervical muscles) as the 
afferent arc and the lateral as well as vertical gaze center as the 
efferent arc. Thus, this reflex involves a neuronal circuit extend-
ing from the cervical cord to the midbrain (see Chapter 9- 5C). 
By holding the head with the examiner’s hands from both sides 
in the supine position, the head is rotated laterally for testing 
the horizontal reflex and vertically for the vertical reflex, and 
the response is judged by observing the position of the eyes rel-
ative to the head. The presence of this reflex is judged as the 
doll’s eye sign positive, and it suggests that this reflex circuit 
is intact throughout the whole length of brainstem. Doll’s eye 
sign usually appears as a conjugate movement of the two eyes, 
but in case of brainstem lesions, the reflex may be complicated 
by extraocular muscle palsy or internuclear ophthalmoplegia. 
In relation to this, the presence of lateral gaze palsy may be 
predicted by the presence of conjugate deviation of eyes before 
testing the oculocephalic reflex.

Gag Reflex and Cough Reflex

Gag reflex and cough reflex have the reflex center in the 
medulla oblongata, and both reflexes are important for diag-
nosis of brain death because they represent activities of the 
most caudal part of brainstem (see Chapter 14- 2 for the reflex 
circuit). However, as comatose patients are usually intubated 
for artificial respiration, these two reflexes are often difficult 
to test. In this case, it is possible to judge the presence or 
absence of these reflexes by observing the reflex vomiting or 
coughing (bucking) during aspiration of the airway.

Caloric Test

For diagnosis of brain death, the caloric test is necessary in 
addition to the above reflexes. For the caloric test, while the 
head is tilted backward by 60 degrees (downward because 
of supine position), 5 ~ 10 mL of cold water (0 ~ 10℃) is 

 

 

 

 

 

 

 



29.  NEUROLOgIC EMERgENCY 277

injected into the external auditory meatus and movement of 
eyes thus evoked is observed (see Chapter 13- 2). The reflex 
circuit of the caloric response is formed of the semicircular 
canal and vestibular nerve as its afferent arc and the lateral 
gaze center of the pons as its efferent arc, thus involving the 
medulla oblongata and the pons. Normal caloric response 
consists of deviation of both eyes to the stimulated side 
associated with horizontal nystagmus with its quick phase 
directed toward the nonstimulated side. If any one of these 
responses is observed, it suggests that the reflex circuit is 
functioning. Before doing this test, it is advisable to confirm 
the intact tympanic membrane by an otoscope.

Ciliospinal Reflex

This is a cutaneous pupillary reflex that is elicited by noci-
ceptive stimulus given to the neck skin, and the response 
is seen as dilation of the pupils. Its afferent arc is the cervi-
cal nerve, and the efferent arc is the sympathetic nervous 
system originating from the ciliospinal center of Budge at 
the intermediolateral nucleus of the first thoracic segment 
(see Figure 8- 4). How much this reflex circuit involves the 
brainstem is not well understood. If this reflex circuit is lim-
ited to the cervical cord, preservation of this reflex may not 
exclude a possibility of brain death. This is because brain 
death is defined as irreversible death of all neurons in the 
medulla oblongata and above. However, as long as a possi-
bility of this reflex involving the brainstem structures still 
remains, preservation of this reflex may reserve the diagno-
sis of brain death.

If all of the above brainstem reflexes are lost in coma-
tose patients, it suggests that all the brainstem functions 
are lost. However, a possibility remains that many other 
neurons not directly related to these reflexes are still pre-
served. In judgment of brainstem reflexes, it is of utmost 
importance to keep in mind that all these reflexes may be 
completely lost by intake of a large dose of narcotics, during 
general anesthesia, or under hypothermia. If there is any 
possibility of these conditions, it is useful to follow up the 
clinical course by repeating these tests. It is needless to say 
that, in case of coma due to brainstem lesions, loss of these 
reflexes may also serve for local diagnosis of the lesion.

3)  Cerebral Herniation

Secondary compression of the brainstem as a result of gross 
organic lesion of cerebral hemisphere(s) causes cerebral 
herniation, which requires quick attention and treatment. 
Central transtentorial herniation is caused by rapid com-
pression of the thalamus from above bilaterally, and it causes 

coma quickly. Uncal herniation is caused by compression of 
the midbrain unilaterally from above, and causes clouding 
of consciousness, Cheyne- Stokes respiration, anisocoria and 
loss or decrease of light reflex, and decerebrate rigidity/ pos-
ture. Namely, if all or any of the above signs appear in patients 
with a gross hemispheric lesion or brain edema, it suggests 
that uncal herniation is taking place. Pathologically, uncal 
herniation is associated with hemorrhagic lesions of various 
degrees in the midbrain tegmentum, which affects the brain-
stem reticular formation, causing disturbance of conscious-
ness, respiratory impairment, and postural abnormality.

Anisocoria

Anisocoria in uncal herniation is considered to be caused 
not by a direct intramedullary damage of the oculomotor 
nerve in the midbrain, but by entrapment of the oculomo-
tor nerve between the superior cerebellar artery and the 
posterior cerebral artery (see Figure 9- 3). When the com-
pression is relatively mild in this case, anisocoria and a loss 
or decrease of the light reflex of the dilated pupil may be 
seen, but paralysis of the extraocular muscles may not be 
observed. This is most likely because the autonomic fibers 
are located in the peripheral part of the oculomotor nerve 
at this extramedullary site, so that they are easily affected 
by external compression. Involvement of the oculomotor 
nerve in uncal herniation is more commonly seen on the 
side ipsilateral to the hemispheric lesion, but in some cases 
it may be seen on the contralateral side.

Decerebrate Posture

This abnormal posture consists of tonic extension and 
internal rotation (pronation) of the upper extremities and 
extension of the lower extremities, either spontaneously or 
more often provoked by nociceptive stimulus. It is associ-
ated with increased tone of extensor muscles (decerebrate 
rigidity). It is considered that the decerebrate posture/ 
rigidity is caused as a result of interruption of the inhib-
itory pathway projecting to the vestibular nucleus at the 
level of the midbrain, which increases tone of the extensor 
muscles through disinhibition of the vestibulospinal tract 
(see Chapter  13- 1). The presence of this phenomenon 
suggests either the presence of a severe lesion in the mid-
brain or the beginning of an uncal herniation.

Tonic Neck Reflex

This is a postural reflex in response to lateral rotation of 
the neck, consisting of extension of the upper and lower 
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extremities of the side to which the neck is rotated and flex-
ion of the contralateral upper and lower extremities, resem-
bling the posture of a shot- putter. This phenomenon is seen 
when there is an asymmetric severe lesion in the brainstem 
rostral to the vestibular nucleus. Furthermore in this case, the 
passive neck flexion may cause flexion of both upper extrem-
ities, and the neck extension may cause their extension.

False Localizing Sign

In some cases of uncal herniation, a Babinski sign and 
homonymous hemianopsia might be seen on the side of a 
hemispheric lesion. As these signs are not directly related 
to the primary hemispheric lesion, they are called the false 
localizing sign. Among the above two signs, the Babinski 
sign ipsilateral to the hemispheric lesion is caused by 
impairment of the cerebral peduncle contralateral to the 
hemispheric lesion as a result of midbrain compression. 
The peduncular pathology in this case is called a Kernohan 
notch. Therefore, the pyramidal signs may be seen bilater-
ally in this case.

Homonymous hemianopsia on the side ipsilateral to the 
primary hemispheric lesion is caused by compression of the 
contralateral posterior cerebral artery as a result of uncal 
herniation, which causes an ischemic lesion in the occipital 
lobe contralateral to the primary hemispheric lesion. This 
sign, however, is not detectable in comatose patients.

In addition to uncal herniation, pyramidal signs might 
be also seen bilaterally in some other cases of a unilateral 
cerebral lesion. An example is thalamic hemorrhage, which 
will compress the contralateral corticospinal tract, caus-
ing the ipsilateral Babinski sign, and another example is 
the presence of an old vascular lesion in the hemisphere 
contralateral to the new lesion. In this case, distinction 
from uncal herniation can be easily done from other 
accompanying signs.

D.  M E N I N g E A L  I R R I T A T I O N

Nuchal stiffness is a representative sign of meningeal 
irritation (see Chapter  15- 1). This is tested by flexing 
the neck (lifting the head) in the supine position and 
is judged by limitation of the neck flexion. If one of the 
examiner’s hands is placed behind the neck while lifting 
the head by the other hand, the reflex contraction of the 
nuchal muscles may be palpated in patients with positive 
nuchal stiffness. This is considered to result from involve-
ment of the dorsal roots of the cervical nerves or the 
occipital nerves by hemorrhage or inflammation at the 
site of meningeal penetration. Positive nuchal stiffness 

suggests the presence of subarachnoid hemorrhage or 
meningitis. However, nuchal stiffness may not be seen 
within 24 hours after the subarachnoid hemorrhage.

6.   JUDgMENT OF BRAIN DEATH

Brain death is defined as a condition in which functions 
of all neurons in the cerebral hemispheres and brain-
stem are irreversibly lost due to organic brain diseases. 
In patients who are evaluated for possible brain death, 
the cardiovascular center and the respiratory center in the 
brainstem (see Figure 5- 4) are not functioning at all, inter-
rupting the central innervation of the heart and lung. Even 
in this condition, however, the heart continues to beat for 
at least some time as long as oxygen is supplied. Thus, all 
candidate patients for brain death are under the control of 
a respirator. In other words, patients who are spontaneously 
breathing, even a little, should be excluded as candidates of 
brain death.

The most important prerequisite for diagnosis of brain 
death is the fact that patients are not under profound 
hypothermia or anesthetics. Clinical diagnosis is based on 
the confirmation of deep coma and loss of all reflexes that 
have reflex centers in the brainstem. Thus, the presence of 
reflexes having their centers in the spinal cord does not 
exclude brain death.

There are substantial differences in perceptions and 
practices of brain death worldwide (Wijdicks et al, 2010; 
Wahlster et  al, 2015). Regarding laboratory tests, impli-
cation of an EEG record of electrocerebral inactivity (the 
so- called flat EEG) differs among diagnostic criteria, but if 
there is any cortical activity detected on EEG, the patient 
cannot be diagnosed as brain dead. In addition, the caloric 
test using ice water and the brainstem auditory evoked 
potentials (BAEP) (see Chapter 12- 1) are important tests. 
If there is any response in these tests, it can exclude brain 
death. However, as the peak I of BAEP is known to be gen-
erated in the cochlear nerve, its presence alone does not 
exclude brain death. If all these tests suggest loss of all brain-
stem functions, it is recommended to repeat all the tests 
sometime after the first test for reconfirmation, although 
the time interval varies among different diagnostic criteria.
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30.

DISABILITY, FUNCTIONAL RECOVERY, AND PROgNOSIS

1.  ASSESSMENT OF DISABIL ITY  SCALE

Degree of disability and prospect of functional recovery 
are the most important matters of concern for patients 
with neurologic disorders. After completing the neuro-
logic examination, it is important to consider the sever-
ity of disability, although detail scaling of each activity of 
daily living can be assessed later. Disability can be evalu-
a ted in terms of neurologic impairment found by the 
physical examination, disability expressed as activities 
of daily living (ADLs) and the resulting social handicap. 
Scales of disability have been established for some diseases 
like Parkinson disease (see Table 16- 2) and multiple scle-
rosis, but for other diseases, it is useful to evaluate each of 
the specific activities used for daily living, such as brushing 
teeth, washing face, combing hair, dressing, use of toilet 
facilities, taking a bath or shower, eating, walking indoors 
as well as outdoors, and so on.

2.   MODE OF T ISSUE DAMAgE, FUNCTIONAL 
DISABIL ITY, AND ITS RECOVERY

Functional disability due to neurologic impairment 
and prospect of its recovery depend on how the ner-
vous tissue is damaged. A  number of factors influence 
functional disability and its recovery (Table 30- 1). For 
general factors, the age at disease onset and the present 
age of the patient, general physical condition, and how 
much the patient is motivated for recovery are import-
ant. In aged subjects, functional recovery is expected to 
be slower and poorer as compared with young subjects. 
In children, functional recovery due to plastic resto-
ration is directly related to the developmental state of 
the nervous system.

For the neurologic factors influencing the disability 
and functional recovery, the mode of onset of neurologic 
deficits and the mode of tissue damage should be taken 

into account (see Figure 1- 2). Even for a relatively small 
lesion, the more acutely the tissue is damaged, the more 
conspicuous are the resulting neurologic deficits. In con-
trast, even for a gross lesion, the symptoms/ signs are rel-
atively mild if their onset is insidious and followed by a 
slowly progressive course. A  typical example is an intra-
cranial meningioma occupying a huge space of the cranial 
cavity, in which case the patient may be almost unaware 
of symptoms. On the other hand, neurodegenerative dis-
eases may progress very slowly, but the disability might be 
quite severe in the advanced stage. Even a small lesion, if it 
occurs in a region where multiple important structures are 
closely located like in the brainstem, might cause various 
neurologic deficits.

The distribution of lesions shows a characteristic his-
tological pattern that is specific for each disease group 
(see Figure  1- 1). The presence of a lesion even at the 
same region of brain might show a different clinical pic-
ture depending on the mode of tissue damage. The size of 
the lesion is another important factor, but it depends on 
where in the brain the lesion is located and how quickly it 
has evolved.

For predicting the prognosis, it is important to take 
into account the results of laboratory data, but the results 
of laboratory tests including neuroimaging are not neces-
sarily correlated with the degree of functional disability. 
Thus, it is necessary to take the whole clinical picture into 
consideration for judgment of prognosis.

Gray Matter Lesion Versus White Matter Lesion

When considering functional disability and recovery in 
patients with an organic lesion of the cerebral hemisphere, 
whether the lesion primarily affects the gray matter or 
the white matter is one of the key factors (Table 30- 2). 
Generally speaking, a cortical lesion tends to manifest dis-
tinct focal neurologic deficits, whereas focal neurologic 
deficit is rare and relatively indistinct, if any, in the white 
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matter lesion. This is because a large number of neurons 
are located closely in the narrow cortical area and because 
neurons recover poorly once they are damaged. In contrast, 
the white matter is formed of myelinated nerve fibers whose 
myelin sheath may regenerate to a certain extent. However, 
a disconnection syndrome due to a lesion of the cerebral 
white matter may cause focal neurologic deficit due to inter-
ruption of functional connectivity between different cor-
tical areas (see Chapter  23- 1). Furthermore, a progressive 
diffuse lesion of the cerebral white matter, such as leukodys-
trophy and ischemic white matter lesions (see Chapter 22- 
2C), may cause severe dementia and spastic quadriplegia. 
Convulsive seizures and involuntary movements, myoc-
lonus in particular, are commonly seen in cortical lesions, 
whereas they are relatively rare in white matter lesions.

In relation to the above, it is important to note that, in 
the cerebral hemispheres, the gray matter is in the cortex as 
well as in the deep structures (thalamus and basal ganglia) 
while the medullary part is formed of the white matter, but 

in the spinal cord, the gray matter is only present in the cen-
tral portion and all the peripheral parts are occupied by the 
fiber tracts, namely the white matter.

Axonal Damage Versus Myelin Damage

In close relationship to the issue of gray matter versus white 
matter damage, the issue of axonal damage versus myelin 
sheath damage is an important factor at the cellular level 
(Table 30- 3). Generally speaking, in disorders in which 
axons are primarily damaged, neurologic deficits tend to 
be severe and functional recovery is incomplete whereas, 
in conditions in which the myelin sheath is primarily dam-
aged, neurologic deficits are relatively mild and functional 
recovery is relatively good. However, in multiple sclerosis, 
which is a representative form of demyelinating diseases, 
the clinical course is initially characterized by remissions 
and relapses, but in the long run a progressive course 
associated with the secondary axonal damage is common 
(Filippi et al, 2013). Moreover, in the neuromyelitis optica 
spectrum disorders, which are relatively common in Asian 
populations, the spinal cord is severely affected, involving 
axons with severe functional disability (see Box 35).

In cerebral contusion due to head trauma and spinal 
cord injury, both axons and myelin sheath are damaged, 
causing severe disability and poor functional recovery.

3.   MECHANISMS OF FUNCTIONAL RECOVERY

Mechanisms by which the impaired neurologic functions 
improve have not been fully clarified, and its molecular 
mechanisms are an important topic of modern neuroscience.

If the nervous system is only functionally impaired with-
out structural damage even at the tissue level, the impaired 
function is expected to recover without leaving any residual. 
Even if there is some tissue damage, if it is only mildly affected 
with preserved capacity to recover, then its function is also 
expected to recover along with the recovery of the tissue TABLE 30-  2  FEATURES OF CLINICAL SYMPTOMS/ SIgNS:   

COMPARISON BETWEEN THE gRAY MATTER LESION AND 
THE WHITE MATTER LESION

gray matter White matter

Neurologic deficits Distinct Indistinct*

Focal sign Common Rare

Convulsive seizures Common Rare

Myoclonus Common Rare

* An exception is a diffuse white matter lesion of cerebral hemispheres, which may 
cause severe dementia and spastic quadriplegia.

TABLE 30-  3  CHARACTERISTICS OF NEUROLOgIC IMPAIRMENT: 
COMPARISON OF AXONAL DAMAgE AND MYELIN DAMAgE

Lesion Axon Myelin sheath
Axon + myelin 
sheath

Degree of dis-
ability

Severe Relatively mild Severe

Recovery Incomplete Relatively good Poor

Example Strokes Multiple sclerosis Contusion

TABLE 30-  1  FACTORS INFLUENCINg THE DEgREE OF FUNCTIONAL 
DISABILITY AND ITS RECOVERY IN NEUROLOgIC DISORDERS

1. General factors

1. Age of onset and the present age

2. General physical condition

3. Patient’s motivation for recovery

2. Neurologic factors

1. Mode of onset

2. Distribution of lesion at tissue level

3. Size of lesion

4. Number of lesions

5. Gray matter lesion versus white matter lesion

6. Axonal damage versus myelin sheath damage
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damage. In case the nervous system is severely damaged, there 
are two main hypotheses for possible recovery as follows.

Plastic Reorganization

The nervous system is considered to have some capacity to 
reorganize its structure, function, and network in response 
to internal or external stimuli. For example, collateral 
sprouting may grow from the remaining part of the dam-
aged axon or from other intact axons so that it could form 
synaptic contacts with the target neuron and produce some 
functional recovery (Figure 30- 1). In this case, it is expected 
to take some time for the synaptic reorganization to occur.

Plastic changes are considered to contribute to the 
recovery of neurologic deficits, but on the other hand they 
may also cause positive neurologic symptoms that may be 
even hazardous to the patients. For example, patients with 
thalamic infarction involving the distal portion of the cer-
ebellothalamic pathway (superior cerebellar peduncle) may 
develop tremor in the contralateral hand a few months after 
the stroke. For another example, patients with a thalamic 
vascular lesion involving the somatosensory afferent path-
way may develop unpleasant pain (thalamic pain) and 
hyperpathia in the contralateral upper extremity some 
time after the stroke (see Chapter 19- 2B, Box 65). In rela-
tion to the plastic reorganization of fiber tracts, application 
of diffusion tensor tractography might delineate disruption 
of fiber tracts in the white matter.

In recent years, clinical attempts have been made to 
apply the scientific principle of plastic reorganization for 
promoting the functional recovery in patients with trauma 
and vascular lesion of the central nervous system, psychi-
atric disorders, habituation, developmental abnormalities 
of children, and neurodegenerative disorders. Examples 

are brain stimulation therapy, pharmacological approach, 
learning, and rehabilitation (Cramer et  al, 2011, and 
Grefkes & Fink, 2011, for review).

Mobilization of Reserve Functions

Another hypothesis about recovery of impaired func-
tion is mobilization of a nervous system that is not 
primarily related to that particular function (reserve 
functions). For example, about 85% of fibers of the 
direct corticospinal tract originating from the motor 
cortex cross at the pyramidal decussation at the medulla 
oblongata and innervate the extremities contralateral 
to the motor cortex as the lateral corticospinal tract, 
while the remaining 15% of fibers descend through 
the ipsilateral anterior column as the anterior corti-
cospinal tract (see Chapter  16- 1A and Figure  16- 2).   
The mobilization theory assumes that the uncrossed fiber 
tract is not actively participating in actual movement in 
the healthy condition, but once the crossed fiber tract 
is impaired, the uncrossed fiber tract becomes actively 
involved in the movement of the paralyzed extremities.

Alternatively, a nervous system that is closely related to 
the lost function but is involved in other functions in the 
healthy condition may be activated to compensate for the 
lost function when needed. For example, if the corticospi-
nal tract originating from the primary motor cortex is dam-
aged and causes paralysis of the corresponding part of body, 
fiber tracts originating from the secondary motor cortices 
(supplementary motor area and premotor area) and from 
the primary somatosensory cortex are activated to supple-
ment the function of the damaged tract (see Figure 11- 3). 
These mechanisms are being demonstrated by noninvasive 
techniques such as transcranial magnetic stimulation and 
functional MRI.

With recent remarkable advance in the field of cell trans-
plantation techniques, histological replacement of the dam-
aged tissue with embryonic stem cells (ES cells) or induced 
pluripotent stem cells (iPS cells) may be the way of the future.
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Figure 30- 1 Schematic diagram of a nerve fiber showing possible 
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31.

HOW TO PLAN LABORATORY TESTS

I t is reasonable and important to plan the necessary 
laboratory tests after carefully considering the site of 
lesion, etiology, most likely diagnosis and differen-

tial diagnoses based on the history taking and physical 
examination. For example, when facing with a patient 
complaining of symptoms suggestive of cerebral lesion, 
it is a bad practice to immediately obtain a cranial MRI. 
It is necessary to consider the expected site of lesion and 
pathogenesis before ordering the MRI in order to reason-
ably correlate the clinical picture and the neuroimaging 
data. The quality and size of MRI abnormality may not 
necessarily be correlated with the severity of neurologic 
impairment. Moreover, from the viewpoint of limited 
medical resources and limited size of hospital staff, the 
number of laboratory tests should be limited to the mini-
mum necessity.

In most neurologic diseases, the sites of lesion and eti-
ology can be diagnosed by the history taking and phys-
ical examination, but some special conditions require 
laboratory tests. For examples, in primary central ner-
vous system vasculitis (Salvarani et  al, 2007), primary 
lymphoma of the central nervous system (Porter et  al, 
2008), and granulomatous inflammation, there is no 
specific clinical manifestation or no specific cerebrospinal 
fluid abnormality. Therefore, cerebral angiography may 
be needed in the primary vasculitis, and brain biopsy may 
be needed for the primary lymphoma and granulomatous 
inflammation. Furthermore, it is needless to say that labo-
ratory tests are necessary to confirm the clinical diagnosis 
of disorders that might have specific abnormalities such as 
specific antibodies and causative bacteria or viruses in the 
blood or cerebrospinal fluid.

1.   FUNCTIONAL NEUROIMAgINg STUDIES 
AND ELECTROPHYSIOLOgICAL STUDIES

Functional neuroimaging studies of regional cerebral 
blood flow with the use of single photon emission com-
puted tomography (SPECT) or positron emission 

tomography (PET) are commonly used for clinical pur-
poses. A question often addressed is whether a decrease in 
regional cerebral blood flow is correlated with a decrease 
in electrical activity of neurons in that area. It has been 
shown in animal experiments that the hemodynamic 
response is significantly correlated to neuronal activity, 
especially local field potential (synaptic activity), within 
a certain range, but the hemodynamic response tends to 
be more widespread in space and lasts longer in time as 
compared with the neuronal activity (Shibasaki, 2008, for 
review). For example, in patients with a thalamic lesion, 
blood flow might be found decreased in the ipsilateral 
frontal cortex as a result of a SPECT study. In this case, 
however, judgment of frontal hypofunction should be 
made with caution. This is an example of the neurophys-
iological changes that occur distant from a focal brain 
lesion (diaschisis). The concept of diaschisis, which was 
proposed by von Monakow in 1914, nearly disappeared 
from the mainstream of clinical neuroscience, but with 
the recent advance of neuroimaging studies of functional 
connectivity, functional diaschisis has drawn increasing 
attention of many investigators (Carrera & Tononi, 2014, 
for review).

By contrast with the central nervous system, electro-
physiological studies of the peripheral nerves and muscles 
provide useful information on their functions. The state 
of impulse conduction can be directly assessed by various 
techniques, which will greatly contribute to the clinical 
diagnosis and evaluation of the treatment effect (Kimura, 
2013, for review).

2.   LUMBAR PUNCTURE

Lumbar puncture is commonly used for diagnosis of 
neurologic disorders, but its indication should be care-
fully considered and its overuse should be avoided. With 
development of neuroimaging techniques, indications for 
lumbar puncture are limited to infectious diseases such 
as meningitis and meningoencephalitis, autoimmune 

 

 

 

 



Figure 31- 1 Amyloid imaging with Pittsburgh Compound B (top) and glucose metabolism imaging with fluoro- deoxy glucose (FDG) (middle) with PET in a 
70- year- old patient with amnestic mild cognitive impairment (MCI) who developed Alzheimer disease (AD) at age 74 (bottom). Glucose metabolism was 
decreased in the right temporoparietal region at age 70, and more so at age 74. Amyloid deposition was seen in bilateral temporoparietal and frontal 
regions at age 70 (top). (Courtesy of Dr. Kenji Ishii, Tokyo Metropolitan Institute of Gerontology)
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Figure 31- 2 Time relationship between appearance of various biomarkers and clinical stage of Alzheimer disease. *deposit of amyloid β in brain 
shown by measurement of Aβ42 in CSF or amyloid imaging with PET, **synaptic activity measured by 18F- deoxyglucose (FDG)- PET or fMRI, ***tau or 
phosphorylated tau in CSF, ****measured by MRI, MCI: mild cognitive impairment. (Modified from Sperling et al, 2011, with permission)
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inflammation of the central nervous system and polyradi-
culitis, and some metabolic abnormalities.

It is especially important not to abuse the Queckenstedt 
test. This test is used to observe elevation of the cerebro-
spinal fluid (CSF) pressure measured during the lumbar 
puncture in response to transient unilateral or bilateral com-
pression of the jugular vein, which is expected to suddenly 
elevate the intracranial venous pressure in normal condi-
tion. If the CSF pressure does not increase by this maneu-
ver, it suggests that there is obstruction of the spinal canal 
somewhere between the foramen magnum and the level of 
lumbar puncture (usually the interverbral space L3- L4). 
Therefore, the only purpose of this test is to prove the pres-
ence of a block of the spinal canal, and there is no rationale 
at all to do this test in patients with intracranial pathology. 
Furthermore, even in the spinal diseases, mechanical com-
pression of spinal cord can be easily detected by neuroimag-
ing studies. It is especially important to avoid this maneuver 
in patients with intracranial hypertension, because it might 
suddenly cause cerebral herniation (see Chapter 29- 5C).

3.   USE OF LABORATORY TESTS 
FOR PREVENTION OF DISEASES

If it becomes possible to predict the occurrence of a neu-
rodegenerative disease by laboratory tests before the initial 
symptom appears, it might be able to prevent its occurrence. 
For example, it was postulated that the selective inhibitor of 
monoamine oxidase B, selegiline, might have an effect of 
neuroprotection in Parkinson disease, although this has 
not been confirmed (Olanow, 2009, for review).

For the purpose of neuroprotection, it is necessary to 
find a disease- specific abnormality by noninvasive tech-
niques sufficiently far in advance of the clinical onset. 
One way would be to use functional or chemical imaging 
of brain. For example, attempts have been made to pre-
dict progression of mild cognitive impairment (MCI) to 
Alzheimer disease by using amyloid imaging with PET 
(Wolk et al, 2009) (Figure 31- 1). Recently, it also became 
possible to image neurofibrillary pathology in Alzheimer 
disease by tau imaging with PET (Okamura et al, 2014). 
Chemically, attempts are extensively being made to mea-
sure amyloid β42, tau, and phosphorylated tau in the 
CSF for differentiating various kinds of dementia and for 
predicting the prognosis of MCI (Schoonenboom et  al, 

2012). It was recently shown that amyloid PET and CSF 
biomarkers equally identified early Alzheimer disease 
(Palmqvist et al, 2015). In Alzheimer disease, it is known 
that deposit of amyloid in the brain, abnormality of syn-
aptic functions, and tau- mediated degeneration are seen 
in advance of the clinical onset (Figure 31- 2). If these 
markers are found elevated in subjects who carry the apo-
lipoprotein E (APOE) ε4 gene, it might suggest a high 
possibility of those subjects developing dementia in the 
future (Bateman et al, 2012). It is hoped that these lines 
of research will advance further and lead to prevention of 
intractable diseases.
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AFTERWORD: FOR THOSE WHO WISH TO STUDY NEUROLOGY

In a video symposium held during the annual congress of 
American Academy of Neurology in 2007, distinguished 
neurologists reviewed why they chose neurology for their 
specialty. The main reasons common to most of the speakers 
were the diversity and mysteriousness of neurologic symp-
toms and signs, a thrilling process of thinking about sites 
of lesion and etiology based on neurologic symptoms and 
signs, and a close connection with rapidly advancing neuro-
science. Basics of clinical neurology are the bedside obser-
vation of patients, and in fact many important research 
endeavors of neurology and neuroscience have originated 
from careful clinical observation.

Therefore, clinical neurology starts from comprehen-
sion of the symptoms and their time course, followed by 
confirmation of sign(s) found by neurologic examination, 
and then consideration of the most probable diagnosis 
based on the symptoms and signs. No matter how labora-
tory tests are advanced, neglect of symptoms and signs is 
not effective for clinical practice and research. In this sense, 
this book was arranged to make a bridge from basic sciences 
such as anatomy, physiology, pharmacology, and molecular 
biology to the understanding of clinical symptomatology. 

As some of the statements in this book are based on the 
authors’ own thoughts and experiences, different views, if 
any, are welcomed.

As clinical aspects of neurology are emphasized 
throughout this book, it might give an impression that the 
history taking and the neurologic examination are almighty. 
However, most information on the neurologic symptoms 
and signs are based on the observation and vast experience 
of many neurologists over a period of 150 years, and some 
of the symptoms and signs might have been just handed 
over from predecessors to successors. Therefore, some of the 
currently known neurologic signs may not necessarily be 
meaningful ( Johnston & Hauser, 2011, for review). Since 
the brain is so complex, there is always more to learn about 
the generating mechanism and diagnostic significance of 
neurologic signs.
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Anticipation, 129
Antidiuretic hormone (ADH), 266
Aortic receptors (aortic body), 102
Apallic syndrome, 27
Apathy, 27
Ape hand, 135, 138f
Aphasia 

Broca/ motor, 225, 232
classification of, 225
conduction, 226, 232
crossed, 223
examination, 231
jargon, 232
primary progressive, 231
repetition, 232
sensory, 225, 232
thalamus role, 262
total, 226
transcortical motor, 226
transcortical sensory, 226
Wernicke, 225

Aphonia, 97, 103
Apneustic breathing, 275
Apraxia 

callosal, 228
constructional, 227
diagonistic, 228
dressing, 228, 233
gait, 233
ideational, 227, 233
ideomotor, 227, 232
limb- kinetic, 227, 232
reaching, grasping, 227, 228f
sympathetic, 228
task- specific, 228

Aquaporin- 4, 142
Argyll Robertson pupil, 55
Arnold- Chiari malformation (Chiari mal-

formation), 71
Arsenic poisoning, 16
Articulation, 97
Ascending reticular activating system, 

23, 23f
Aschner eyeball pressure test, 204
Aseptic meningitis (viral meningitis), 273
Asperger syndrome, 179, 229

Astasia- abasia, 257
Asterixis, 165, 172, 176
Asterixis, thalamic, 176
Astrocytomas, 131
Asymbolia for pain, 188
Ataxia 

acquired cerebellar, 130
cerebellar, 126
episodic, 249, 250t
Friedreich, 129
gluten- sensitive, 131
SCA ( see spinocerebellar ataxia (SCA))
sensory, 190, 207
telangiectasia (Louis- Bar syndrome), 130
truncal, 127

Ataxic breathing, 275
Atherothrombosis, 4
Athetosis, 160f, 167
Atypical acute polyneuritis, 140
Auditory agnosia, 229
Auditory function 

auditory cortex (Heschl gyrus), 89, 90f
auditory input, spatial perception, 89
brainstem auditory evoked potentials 

(BAEPs), 89, 91f
cochlear (acoustic) nerve, 89, 90f
cochlear nucleus, dorsal/ ventral, 89, 90f
cognitive functions related to, 89
examination, 90
inferior colliculus, 89, 90f
lateral lemniscus, 89, 90f
medial geniculate body, 89, 90f
selective attention, 89, 230
spiral ganglion, 89, 90f
superior olive, 89, 90f
tinnitus, 91
tonotopic organization, 89
vestibulocochlear nerve, 89, 90f

Auditory hallucination, 215
Auditory recognition, 229
Auriculotemporal syndrome, 101
Autoimmune autonomic  

ganglionopathy, 253t
Autoimmunity, 16
Autonomic nervous system 

afferent system structure,  
function, 202

ciliospinal center of Budge, 51, 51f, 
98f, 199

cortical center, 201
cranial nerves, 31
gastrointestinal symptoms, 203
intermediolateral nucleus, 51, 51f, 115f, 

199, 200f
parasympathetic ganglia, 199, 200f
parasympathetic nervous system, 

102f, 199
postganglionic fibers, 199, 200f
preganglionic fibers, 199, 200f
sexual functions, 203
skin, autonomic symptoms, 202

sympathetic ganglia, 115f, 199, 200f
sympathetic nervous system, 51f, 102f, 

115f, 199, 200f
sympathetic tract, 98f, 199
urination (micturition) control, 203

Autosomal recessive dopamine- responsive 
dystonia with Segawa syndrome, 
171, 171f

Autosomal recessive spastic paraplegia asso-
ciated with early baldness, mental 
retardation, and thinning of the 
corpus callosum, 143

Autotopagnosia, 231
Axial lateropulsion, 95
Axonal vs. myelin damage assessment, 

282, 282t

Babinski- Nageotte syndrome, 53t, 98, 99f
Babinski sign, 157, 157f
BAFME (benign adult familial myoclonus 

epilepsy), 175, 250t, 251
Balint syndrome, 234, 234f
Ballism (ballismus), 167
Baroesthesia, 189
Baroreceptor of the carotid sinus (carotid 

body), 101f, 102, 103f
Barré sign, 134
Basal ganglia 

eye movement role, 64f, 65
mental/ cognitive function disorders, 216
structure and functions, 116
voluntary movement control, 116f

Basilar artery, 60f
Basin phenomenon, 190, 207
Bassen- Kornzweig disease  

(abetalipoproteinemia), 130
Becker muscular dystrophy, 134
Beevor sign, 142
Behçet disease, 12, 18f
Bell palsy, 83, 86
Bell phenomenon, 69
Benedikt syndrome, 53t, 58f, 59
Benign paroxysmal positional vertigo, 94
Beriberi, 192
Beta- propeller protein associated neurode-

generation (BPAN), 126, 171
Biceps brachii muscle, 136t
Bielschowsky sign, 67
Bilateral anosmia, 35
Bilateral facial paralysis, 87
Binswanger disease, 218
Bitemporal hemianopsia, 39, 41f, 45
Blepharoptosis (ptosis), 52, 66
Blepharospasm, 66, 167
Blindness (ipsilateral), 38, 41f
Blink reflex, 78, 81
Body lateropulsion, 95
Borrelia burgdorferi, 87, 140
Botulinum toxin, 270, 271t
Boule musculaire, 134
Bow hunter’s stroke, 95

INDEX
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Brachial plexus, 137, 139f
Bradykinesia, 107, 119
Brain death diagnosis, 278
Brainstem 

acute lesions, 270
anatomy, 29, 30f, 31f
localized lesions, syndromes caused 

by, 53t
medullary respiratory center, 32f, 274
named syndromes related to, 53t, 100
pontine respiratory center, 32f, 275
reflexes, examination, 276
respiration, examination, 274
reticular formation, 23, 23f

Brainstem auditory evoked potentials 
(BAEPs), 89, 91f

Branch atheromatous disease, 7
Brodmann area, 42, 44f
Brown- Séquard syndrome, 193, 195f
Bulbar muscles, 98, 99
Bulbar palsy, 98, 104
Bulbospinal muscular atrophy, 103f, 133

CADASIL (Cerebral autosomal dominant 
arteriopathy with subcortical 
infarcts and leukoencephalopa-
thy), 218

Calculation, 213, 228, 231
Caloric test, 95, 276
Camptocormia (bent spine syndrome), 106
CARASIL (cerebral autosomal recessive arte-

riopathy with subcortical infarcts and 
leukoencephalopathy), 218

Carbon monoxide poisoning, 219
Cardiac syncope, 24t, 25
Cardiogenic embolism, 4
Carotid sinus hypersensitivity, 24t, 25
Carotid sinus pressure test, 204
Carpal tunnel syndrome, 136, 191
Cataplexy, 246
Catatonia, 27
Cauda equina, 112, 113f
Central core disease, 145, 251t, 253
Central facial paralysis, 86, 87
Central neurogenic hyperventilation, 275
Central pontine myelinolysis, 212
Central post- stroke pain, 261
Central retinal artery, 38
Central scotoma, 37, 44, 45
Central transtentorial herniation, 277
Cerebellum 

acquired cerebellar ataxia, 130
circuit, clinical symptomatology, 126
corticopontine tract, 125, 127f
cytoarchitecture, 125, 128f
dentatothalamic tract (superior  

cerebellar peduncle), 125, 127f
embryological division, 128f
eye movement role, 64f, 65
granule cells, layer, 125, 128f
inferior olive, 31f, 90f, 127f, 129, 176
input/ output circuits, 127f
middle cerebellar peduncle, 125, 127f
molecular layer, 125, 128f
mossy fibers, 125, 128f
parallel fibers, 125, 128f
pontine nucleus, 30f, 125, 127f
Purkinje cells, 125, 128f
spinocerebellar degeneration, 129
spinocerebellar tracts, 129, 127f
tumors of, 131, 131f
Voluntary movement control, 116f, 126

Cerebral herniation, 277
Cerebral infarction, 4

Cerebral peduncle, 29, 30f, 59, 112, 117f
Cerebrotendinous xanthomatosis, 130
Cervical dystonia, 105, 167
Cervical spondylosis, 106, 190
Cestan- Chenais syndrome, 53t, 98, 99f
Chaddock sign, 156
Channelopathies 

autoimmune, 253, 253t
congenital long QT syndrome, 252
episodic ataxia, 249, 250t
hereditary, 249, 250t
hereditary, muscles, 251t, 252
hereditary, peripheral nervous  

system, 252
ring chromosome, 250t, 251
transmitter- gated (ligand- gated), 249
voltage- gated, 249

Character, emotion, 215
Charcot- Marie- Tooth disease, 141
Charcot- Wilbrand syndrome, 231
Charlevoix- Saguenay syndrome, 143
Cherry- red spot, 40f, 46
Cheyne- Stokes respiration, 275
Cholinergic crisis, 269
Chorea, 160f, 166
Chorea- acanthocytosis, 166
Chronic fatigue syndrome, 135
Chronic inflammatory axonal  

polyneuropathy (CIAP), 141
Chronic inflammatory demyelinating  

polyneuropathy (CIDP), 140
Chronic postradiation leukoencephalop-

athy, 219
Chronic subdural hematoma, 213
Chronic traumatic encephalopathy, 217
Churg- Strauss syndrome, 140
Chvostek sign, 146
Ciliospinal center of Budge, 51, 51f
Circadian rhythm, 39, 267
Cisplatin intoxication, 141, 192, 193
Citrullinemia, 213
Clasp knife phenomenon, 143
Claude syndrome, 53t, 58, 58f
Claw hand, 135, 138f
Clonus, 144
Clostridium botulinum, 270
Clostridium tetani, 78, 146, 272
Cockayne disease, 16
Cocktail party effect, 230
Cogan sign, 69
Cognitive functions. see mental/ cognitive 

functions
Cogwheel phenomenon, 121, 144
Collateral sprouting, 283, 283f
Collet- Sicard syndrome, 99, 99t
Color recognition, 230
Color vision, 42
Coma, 25, 273, 274t
Coma scale, 25, 25t, 26t, 274
Common knowledge, 215
Complex regional pain syndrome 

(CRPS), 203
Complex tic, 179
Compulsive behavior, 145
Conductive deafness, 91
Cones, 37
Confabulation, 211
Confrontation test, 44
Congenital insensitivity to pain, 188, 252
Congenital mirror movement, 111
Congenital myasthenic syndrome, 

251t, 253
Congenital nystagmus, 70
Conjugate deviation of eyes, 62, 69, 274

Conjugate nystagmus, 70
Consciousness 

alteration, 25
anatomical basis, 23
clouding, 25
delirium, 25
disturbance, 24, 270
Glasgow Coma Scale, 25t
Japan Coma Scale, 26t
syncope, 24, 24t
transient loss, 24

Conus medullaris, 112
Convergence palsy, 62
Convergence- retraction nystagmus, 71
Coordination, 147
Corneomandibular reflex, 81
Cortical blindness, 230
Cortical sensation examination, 189
Corticobasal degeneration, 218
Corticomuscular coherence, 161
Corticospinal tract 

direct, 109
laminar structure, 111f, 112
lesions, 111
structure, 109, 110f

Cough syncope, 24t, 25
Cranial dystonia, 167
Cranial nerves 

autonomic nervous system, 31
common structures, 29
intraocular muscles innervation, 49
named syndromes related to, 99t, 100
neurologic examination, 33
nuclei, location in brainstem, 32, 32f
somatosensory function, 31

Craniopharyngioma, 267
Creutzfeldt- Jakob disease, 174t, 178f, 179
Crocodile tears syndrome, 86
Crossed analgesia, 98
Crow- Fukase syndrome (POEMS), 9, 

14, 16f
Crowned dens syndrome, 106
Curtain sign, 97, 103
Cushing disease, 266
Cushing syndrome, 266

Daily living state, 216
Daytime sleepiness, 245
Deafness, 91. see also auditory function
Decerebrate posture, rigidity, 93, 277
Decorticate state, posture, 27
Deep brain stimulation, 119, 161, 162, 

169, 261
Deep sleep, 26
Deep tendon reflex. see tendon reflex
Deglutition muscles spasm, 103
Degos disease (malignant atrophic  

papulosis), 14
Dejerine- Roussy syndrome, 191, 192, 261
Dejerine- Sottas disease, 141
Delirium, 25, 215
Delirium tremens, 26
Deltoideus muscle, 136t
Delusion, 215
Dementia, 26, 216. see also Alzheimer 

disease; Lewy body dementia; Par-
kinson disease

Dementia pugilistica, 217
Dementia with Lewy bodies, 216
Demyelinating diseases, clinical features, 39
Denervation potentials, 134
Denervation supersensitivity, 55
Dentato-rubro- pallido- luysian atrophy 

(DRPLA), 129, 166, 174t

Depression, 119, 135
Dermatomyositis, 14, 135
Dermographia, 203
De Sanctis- Cacchione syndrome, 17
Diabetes insipidus, 266
Diabetes mellitus, 6, 7, 138, 141, 192, 274t
Diabetic neuropathy, 255
Diabetic polyneuropathy, 9, 141, 191
Diadochokinesis, 126
Diagnosis 

acute onset, 3, 3f
anatomical, 1
clinical, 4
clinical course, 2, 3f
differential diagnosis, 4
etiological, 2, 3f
fluctuating clinical course, 3, 3f
improvement, 3, 3f
insidious onset, 3, 3f
lesion distribution, tissue- level, 1, 2f
mode of onset, 2, 3f
negative vs. positive symptoms/ signs, 2
paroxysmal clinical course, 3, 3f
polyphasic clinical course, 3, 3f
progressive clinical course, 3, 3f
remissions and exacerbations, 3, 3f
selective vulnerability, 2
slowly progressive clinical course, 3, 3f
subacute onset, 3, 3f
sudden onset, 3, 3f
system involvement, 2, 2f

Diarrhea/ constipation, alternating  
occurrence, 201

Diaschisis, 285
Diffuse lesion, 1, 2f
Diffuse Lewy body disease, 216
Diffuse thalamocortical projection system, 

23, 23f
Diphtheria, 140
Diplopia, causes of, 67, 68t
Disability scale assessment, 281
Disconnection syndrome, 223
Disorientation, 209
Disseminated lesion, 1, 2f
Dissociated nystagmus, 63, 63f
Dissociated sensory loss, 76, 193, 194f
Distal muscular dystrophy, 133
Distal myopathy, 133
Disturbance of optic counting, 233
Disuse atrophy, 142
Divergence, 62
Dizziness, 94, 94f. see also equilibrium
Doll’s eye sign, 69, 276
Dopamine, 35, 117f, 119, 120f, 121f, 

145, 171
Dopamine synthesis, 120f
Dorsal motor nucleus of the vagus, 31f, 32f, 

33f, 101
Dorsal pathway, primary visual cortex, 42
Dorsal root ganglion, 185, 186f, 187f, 

193, 200f
Dorsal root ganglion impairment, 193
Dorsal spinocerebellar tract, 127
Down- beat nystagmus, 71
Down syndrome, 18
Dropped head syndrome, 105
Drug intoxication, 2
Duane syndrome, 67
Duchenne muscular dystrophy, 134
Dying- back neuropathy, 193
Dysarthria, 6, 104
Dysarthria- clumsy hand syndrome, 7
Dysdiadochokinesis, 126, 147
Dysesthesia, 141, 144, 190, 191
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Dyskinesia, 145, 159, 160f, 172
Dysmetria, 70, 126, 147
Dysphagia, 53t, 78, 97, 98, 103, 104
Dysphonia, 103
Dysprosody, 225
Dyssynergia, 147
Dystonia, 159, 160f, 167, 170
Dystonia- parkinsonism syndrome, 126, 171
DYT1, 170

Easy fatigability, 66
Ehlers- Danlos syndrome, 12, 13f
Embouchure dystonia, 167
Emery- Dreifuss syndrome, 132
Emotion, character, 215
Encephalitis 

acute, 273
Bickerstaff brainstem, 270
limbic, 253t, 254, 255
paraneoplastic limbic, 254, 255
Rasmussen, 253t, 254
subacute sclerosing panencephalitis 

(SSPE), 178, 180f
Entrainment, 180, 258
Entrapment neuropathy, 191
Eosinophilic pituitary adenoma, 265
Ephaptic transmission, 86, 191
Epilepsia partialis continua (Kojevnikoff 

epilepsy), 146
Epilepsy, epileptic seizures 

absence seizure (petit mal), 237t, 238, 
238f, 240, 251

aura, 240
automatism, 239
autosomal dominant lateral temporal 

lobe epilepsy (ADLTLE), 241
autosomal dominant nocturnal frontal 

lobe epilepsy (ADNFLE), 241, 251
cerebrovascular disease, 242
childhood absence, 250t, 251
classification, 237, 237t
complex partial seizure, 238
cortical dysplasia, 238
definition, 237
déjà vu, 239
diagnosis, 241
epigastric rising sensation, 239
focal, 237t, 238
focal motor seizure, 238
gelastic (ictal laughter), 240
generalized, 237, 237t, 240
generalized tonic- clonic seizures, 240
gustatory seizure, 239
hallucinatory seizure, 239
ictal apnea, 239
Jacksonian seizure, 238
jamais vu, 239
juvenile myoclonic, 250t, 251
medically intractable, 241
mesial temporal lobe, 239
painful somatosensory seizures, 238
photosensitive epilepsy, 241
postictal paralysis, Todd paralysis, 238
post- stroke seizures, 242
posttraumatic, 241
progressive myoclonus epilepsy (PME), 

174, 174t
pseudoseizure, 241
psychogenic nonepileptic, 241, 242
psychomotor seizure, 239, 240f
secondarily generalized seizure, 238
simple partial seizure, 238
SMA seizure, 239f
stimulus- sensitive, 241

symptomatic, 241
task- specific, 241
uncinate fit, 35, 239
vertiginous seizure, epileptic vertigo, 

93, 239
Epileptic vertigo, 93, 239
Episodic memory, 210
Epsilon- sarcoglycan gene mutation, 172
Epstein- Barr virus, 140, 273
Equilibrium 

caloric test, 95, 276
examination of, 94, 94f
pathway structure, function, 90f, 93
saccule, 93
semicircular canals, 93
utricle, 93
vestibular complex, 93
vestibular ganglion (Scarpa’s  

ganglion), 93
vestibular nerve, 93

Erythema nodosum, 15f
Erythermalgia, 252
Erythromelalgia, 252
Essential palatal tremor, 176
Essential tremor, 160f, 161f, 163, 164f
Ethanol, involuntary movement  

suppression by, 163
Explosive speech, 104, 126
Extensor carpi radialis muscle, 136t
Extensor carpi ulnaris muscle, 136t
Extensor digitorum muscle, 136t
Extensor hallucis longus muscle, 136t
Extrapontine myelinolysis, 212
Eye- of- the- tiger sign, 125f, 126
Eye- tracking test, 70

Fabry disease, 12, 192
Facial angiofibroma, 11, 10f
Facial emotion recognition, 231
Facial nerve 

anatomy, 32f
blink reflex, 78, 81, 87
ciliary sign, 87
functions, examination, 86
geniculate ganglion, 83, 84f
gustatory (taste) sense, 84f, 85, 88
lacrimation, 84f, 85, 86, 88
mimetic muscles, 88
motor cortex somatotopic organization, 

83, 84f
motor functions, examination, 86
parasympathetic nervous system, 86
salivation, 85, 88
skin, mucosa, 86, 88
solitary nucleus, 31f, 32f, 84f, 85
somatosensory function testing, 88
somatosensory nerve, 84, 84f
structures, functions, 83, 84f
taste sense, 85, 88

Facial paralysis, 86, 87
Face recognition, 44, 230
Faciobrachial dystonic seizures, 254
Facioscapulohumeral muscular dystrophy, 

132, 132f
False localizing signs, 61, 278
Falx meningioma, 201
Familial amyloid polyneuropathy, 141, 201
Fasciculation, 103, 134, 181
Fatal familial insomnia, 179, 246
Festination, festinating gait, 119
Fibrillation, 134
Fibromyalgia, 135
Finger agnosia, 231
Finger- nose- finger test, 147

Finger splitting, 191
Finger- to- nose test, 147
Fixed posture dystonia, fixed dystonia, 

168, 169f
Flexed posture, 105
Flexor carpi radialis muscle, 136t
Flexor carpi ulnaris muscle, 136t
Flexor digitorum longus muscle, 136t
Flexor digitorum sublimis muscle, 136t
Floppy infant, 145
Flutter- like oscillation, 71
Focal dystonia, 105, 167
Focal hand dystonia, 167
Focal lesion, 2, 2f
Focal neurologic deficit, 223
Foot drop, 136, 207
Forced crying, 104
Forced grasping, 81
Forced groping, 81
Forced laughter (laughing), 104
Fovea centralis, 37, 38f, 46
Foville syndrome, 53t, 87
Fragile X associated tremor/ ataxia  

syndrome, 166
Freezing phenomenon, freezing of gait, 

121, 206, 233
Frey syndrome, 101
Froment sign, 136, 138f
Frontal eye field, 61, 64f, 65f, 85f
Frontotemporal dementia, 217
Frontotemporal dementia, behavioral 

variant, 217
Frontotemporal lobar degeneration, 217
FTD/ Pick complex, 217
Fukuhara disease, 175
Functional localization  

(specialization), 223
Functional neuroimaging, 226, 226f, 

228f, 285
Functional recovery assessment, 281, 282, 

282t, 283f

Gait 
ataxic, 206
central control mechanism, 205, 205f
falling, falls, 206, 207
festinating, 206
freezing of, 206, 233
Parkinsonian, 206
propulsion, 206
retropulsion, 206
scissor, 206
spastic, 205
steppage, 207
tandem, 206
waddling, 207
wide- based, 206

Galactorrhea, 265
Galactorrhea- amenorrhea syndrome, 265
Gastrocnemius- soleus muscle, 136t
Gaucher disease, 124
Gaze, neural control mechanism, 61, 61f, 

64f, 65f
Gaze nystagmus, 71
Gaze palsy, 69
Gegenhalten (paratonia), 145
Generalized dystonia, 167, 168
Genetic heterogeneity, 166, 249
Geniculate zoster, 12, 14f
Geniculocalcarine tract, 40
Gerstmann- Sträussler- Scheinker syn-

drome, 179
Gerstmann syndrome, 215, 228, 231
Giant axonal neuropathy, 141

Giant evoked potential, 173
Gigantism, 265
Gilles de la Tourette syndrome, 179
Girdle sensation, 193
Give- way weakness, 257
Glasgow Coma Scale, 25, 25t
Globus pallidus, 116, 117f
Glossopharyngeal nerve, 30f, 32f, 97, 98f
Glossopharyngeal neuralgia, 100
Glove and stocking distribution, 191, 193f
Glutamate, 116, 117f, 118f, 128f
Glycogen storage disease, 147
Gowers sign, 142
Gradenigo syndrome, 99t
Granulomatous inflammation, 285
Graphesthesia, 186t, 189, 233
Gray vs. white matter lesion, 281, 282t
Grönblad- Strandberg syndrome. see  

pseudoxanthoma elasticum
Guillain- Barré syndrome 

clinical features, 138
differential diagnosis, 140
pain in, 191
respiratory paralysis, 270

Guillain- Mollaret triangle, 129, 176
Gustatory (taste) sense. 85, 88, 100

Hallervorden- Spatz syndrome, 126
Hallucination, 215
Hamstrings muscles, 136t
HAM (HTLV- I- associated myelopathy)/ 

TSP (tropical spastic  
paralysis), 144

Handedness, 7
Handicap, 281
Hashimoto encephalopathy, 255
Hatchet face, 78
Headache 

classification, 242, 242t
cluster 244
idiopathic intracranial hypertension, 243
morning headache, 243
muscle contraction, 244
post- lumbar puncture, 243
primary, 242, 242t
pulsating, 244
secondary, 242, 242t
spontaneous intracranial hypoten-

sion, 243
tension, 244
throbbing, 244

Head thrust, 69
Hearing, see auditory function
Heavy metals intoxication, 2, 16, 130, 141
Heel- knee test, 147
Heerfordt disease, 87
Heine- Medin disease, 140
Hemangioblastoma, 131
Hemianalgesia, 197, 257
Hemianesthesia without motor  

paralysis, 7
Hemianopsia 

bitemporal, 39, 41f, 45
homonymous, 39, 40, 41f, 45

Hemiballism, 167
Hemifacial spasm, 66, 83, 86, 146, 181
Hemiplegia 

abducens crossed, 61
causes, 112
crossed, 53t, 59, 87
hypoglossal crossed, 98
pure motor, 7, 112

Hemispatial neglect, 233
Hepatic encephalopathy, 165, 212f, 271
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Hereditary diffuse leukoencephalopathy 
with spheroids (HDLS), 218

Hereditary dystonia, 170
Hereditary motor sensory neuropathy 

(HMSN), 141
Hereditary paroxysmal dyskinesia, 172
Hereditary polyneuropathy, 141
Hereditary progressive dystonia with 

marked diurnal fluctuation  
(Segawa’s disease), 171, 171f

Hereditary spastic paraplegia, 143
Hereditary startle disease, 249, 250t
Herpes zoster, 191
Heschl gyrus, 89, 90f, 229
Hiccup, 172, 177
Hippocampus, 35f, 117f, 213, 213f
Hippus, 55
Hirayama disease, 135, 137f
History taking 

chief complaints, 5
family history, 8
history of the present illness, 7
past medical history, 7
present age/ age at onset, 5, 6f
problem- finding, 5
sex/ gender, 5
social history, 7

HIV- related neurological disorders, 218
Hoarseness, 97, 103
Hoffmann syndrome, 134
Homocystinuria, 6
Homonymous hemianopsia, 39, 40, 

41f, 45
Homonymous inferior quadrantanopsia, 

41f, 43
Homonymous scotoma, 41f, 42
Homonymous superior quadrantanopsia, 

41f, 43
Hoover sign, 257, 258
Horizontal nystagmus, 70
Horner syndrome, 51, 51f, 52, 53, 53t, 66, 

80, 98, 98f, 202
H reflex, 153
Hunt syndrome, see Ramsay Hunt  

syndrome
Hunter- Russell syndrome, 2, 45, 130
Huntington disease, 166
Hyperacusis, 83, 87
Hyperalgesia, 190
Hyperekplexia, 175, 249, 250t
Hypermetria, 70, 126
Hyperopia, 52
Hyperpathia, 190, 191, 261, 283
Hyperphagia, 267
Hyperpnea, 275
Hyperthyroidism, 165, 251
Hypertrichosis, 14, 16f
Hypesthesia, 190
Hypnagogic hallucination, 246
Hyp(o)algesia, 190
Hypocretin (orexin), 246
Hypoglossal canal, 50f, 97
Hypoglossal nerve, 31f, 32f, 50f, 97, 98f
Hypoglossal nucleus, 31f, 32f, 97
Hypometria, 70
Hypophonia, 121
Hypophysis. see pituitary gland
Hypothalamic hamartoma, 240
Hypothalamus 

body temperature control, 267
circadian rhythm control, 267
external environment adjustment, 267
feeding control, 267
homeostasis, 267

structure, 265, 266f
suprachiasmatic nucleus, 266f, 267

Hypotonia, 145

Ichthyosis, 11, 143
Ideational apraxia, 227, 233
Idiopathic cramp, 146
Idiopathic normal- pressure hydrocephalus, 

201, 207
Iliopsoas muscle, 136t
Illusion, 215
Immediate memory, 210
Impairment, 281
Impotence, 203
Impulse control disorders, 145
Inattention, 27
Inclusion body myositis, 133
Incoordination, 126
Indifference to pain, 188
Infection, 16
Inferior colliculus, 28, 29, 89, 90f
Inferior olive, 29, 31f, 127f, 129, 176
Inflammatory diseases, 12, 16
Influenza encephalopathy, 272
Infraspinatus muscle, 136t
Inter- areal functional coupling, 223
Intermediate nerve, 84f, 85
Intermediolateral nucleus, 51, 51f, 52, 115f, 

199, 200f
Intermittent claudication, 207
Internal auditory artery, 60f, 61
Internuclear ophthalmoplegia, 59, 61f, 

63, 63f
Interossei muscles, 136t
Intervertebral foramen, 114
Intracerebral hemorrhage, 4
Involuntary movements 

action tremor, 165
athetosis, 160f, 167
ballism (ballismus), 160f, 167
chorea, 160f, 166
dyskinesia, 145, 159, 160f, 172
dystonia, 132, 159, 160f, 167, 169, 170
essential tremor, 160f, 161f, 163, 164f
examination, 159, 160f
fragile X associated tremor/ ataxia  

syndrome, 166
intention tremor, 165
irregular, 159
kinetic tremor, 165
motor stereotypies, 178
myoclonus ( see Myoclonus)
periodic, 159
peripheral nerve origin, 181
physiological tremor, 165
postural tremor, 161f, 162
primary orthostatic tremor, 165
primary writing tremor, 165
psychogenic, 180
re- emergent tremor, 162
resting tremor, 160, 161f
restless legs syndrome, 180, 246
rhythmic, 159
rhythmicity, 159
task- specific tremor, 165
tics, 160f, 179
titubation, 165
tremor, 159
voice tremor, 165

Ion channel disorders. see  
channelopathies

Irresistible desire to sleep during  
the day, 246

Isaacs syndrome, 146, 253t

Japan Coma Scale, 25, 26t
Jaw- winking phenomenon, 78, 79
Jendrassik maneuver, 155
Joint position sense, 186t, 189
Judgment, 215
Jugular foramen, 50f, 97, 99
Juvenile muscular atrophy of unilateral 

upper extremity (Hirayama  
disease), 137, 137f

Kallmann syndrome, 36, 111
Kana (syllabogram), 226, 227f
Kanji (morphogram), 226, 226f
Kearns- Sayre syndrome, 68, 68t, 92, 175
Kernig sign, 106, 271
Kernohan notch, 278
Kinésie paradoxale (paradoxical  

kinesia), 206
Kinesthesia, 186t, 189
Kleine- Levin syndrome, 246, 267
Klüver- Bucy syndrome, 212
Kocher- Debre- Semelaigne syndrome, 134
Kojevnikoff epilepsy (epilepsia partialis 

continua), 146
Korsakov (Korsakoff ) syndrome, 211, 

212, 267
Krabbe disease, adult form, 143
Kufor- Rakeb disease, 126
Kugelberg- Welander disease, 133
Kussmaul respiration, 275

Laboratory tests, planning, 285
Lacrimal nucleus, 30f, 32f, 85, 201
Lacrimation, 84f, 85, 86, 88
Lacunar infarction, 4, 7
Lagophthalmos, 87
Lambert- Eaton syndrome, 253t, 254
Lance- Adams syndrome, 174
Landau- Kleffner syndrome, 232
Language 

alexia, 225
alexia with agraphia, 226
alexia without agraphia , 225
anatomy and functions, 223
anterior language area, 223, 225f
arcuate fasciculus, 224, 225f
basal temporal language area, 223, 225f
Broca’s area, 224, 225f
evaluation, 231
left angular gyrus, 224, 225f
posterior language area, 223, 225f
repetition, 224
spoken, 223, 226
testing battery, 233, 234f
Wernicke’s area, 223, 225f
writing center (Exner’s area), 224, 225f
written, 223, 226

Laryngeal dystonia, 104
Larynx, somatosensory innervation, 100
Lasègue sign, 106, 140, 191
Lateral geniculate body, 39, 41f, 43f
Lateral medullary syndrome, 52, 53t, 76, 

94, 97, 98, 98f, 99f
Lateral vestibulospinal tract, 93
L- Dopa, 120f, 124, 126, 145
Leber hereditary optic neuropathy  

(atrophy), 37, 175
Left- right disorientation, 231
Leigh syndrome, 175
Lengthening reaction, 143
Lenticulostriate artery, 60f
Lesch- Nyhan syndrome, 18
Lethargy, 26
Leukoaraiosis, 218

Leukoencephalopathy, 218
Levine- Critchley syndrome, 18, 19f, 166
Lewy body dementia, 216
Lhermitte- Duclos disease, 131, 131f
Lhermitte sign, 106, 191
Limb- girdle muscular dystrophy, 132
Limbic system, 35, 254, 255
Limb- shaking TIA, 167
Line of Gennari, 42
Literal paraphasia, 225
Livedo reticularis (livedo racemosa), 

12, 13f
Locked- in syndrome, 27, 28
Lockjaw (trismus), 78, 146
Lumbar puncture, 285
Lumbosacral plexus, 137, 139f
Lyme disease, 87, 138, 140

Machado- Joseph disease, 129, 171
Macroglossia, 18
Macular sparing, 42
Maculopapillary bundle, 37, 38f
Magnocellular layer, 42, 43f
Malignant atrophic papulosis (Degos 

disease), 14
Malignant hyperthermia, 145, 251t, 253
Malignant lymphoma, 219
Malignant syndrome (syndrome 

malin), 145
Mammillothalamic tract of Vicq 

d’Azyr, 213
Mandibular nerve, 75, 76f, 79
Marchiafava- Bignami disease, 212
Marcus Gunn phenomenon, 78, 79
Marin Amat syndrome, 79
Marinesco- Sjögren syndrome, 130
Mariotte blind spot, 45
Mask- like face, 88
Maxillary nerve, 75, 76f
McArdle disease, 147
Medial lemniscus, 29, 30f, 31f, 187f, 188
Medial longitudinal fasciculus (MLF), 30f, 

31f, 57, 59, 61f, 63, 90f
Medulla oblongata, anatomy, 29, 31f
Medulloblastomas, 131
MELAS (mitochondrial encephalomyop-

athy, lactic acidosis and stroke- like 
episodes), 6, 175

Melkersson- Rosenthal syndrome, 88
Membranous lipodystrophy (Nasu- Hakola 

disease), 219
Memory, 210, 213f, 262
Ménière disease, 94
Meningeal irritation, 106, 271, 275f, 278
Meningoencephalitis, acute, 273
Mental/ cognitive functions 

basal ganglia disorders, 217
calculation, 210t, 213
character, 215
common knowledge, 215
daily living state, 216
delusion, 215
dementia, 216
emotion, 215
examination of, 209
frontotemporal lobar degeneration, 217
hallucination, 215, 239, 246
illusion, 215
judgment, 215
leukoencephalopathy, 218
memory, 210, 210t, 213f, 262
orientation, 209
quantitative evaluation, 209, 210t

Meralgia paresthetica, 191
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MERRF (myoclonus epilepsy associated 
with ragged- red fibers), 174t, 175

Mesencephalic tegmentum, 29
Mesial temporal lobe epilepsy 

(MTLE), 239
Metabolic encephalopathy, 26t, 174t, 213, 

271, 274t
Metabolic polyneuropathy, 141
Metachromatic leukodystrophy, 143
Metamorphopsia, 230
Meyer’s loop, 40
MIBG in myocardium, decreased 

uptake, 204
Micrographia, 121, 123f
Micturition syncope, 24t, 25
Midbrain (mesencephalon), 29, 30f
Middle cerebral artery, 40f, 43f, 60f
Migraine 

aura, 243
basilar artery, 243
clinical features, 243
familial hemiplegic, 243, 249, 250t
hemiplegic, 243
ophthalmoplegic, 243
retinal, 243
scintillating scotoma, 243

Migrainous cerebral infarction, 244
Mikulicz syndrome, 88
Millard- Gubler syndrome, 53t, 87
Miller Fisher syndrome, 68, 68t
Mimetic muscles, 88
Minamata disease, 2, 45, 130
Mini- Mental State Examination (MMSE), 

209, 210t
Miosis, 52, 53
Mirror movements, 111
Mirror neurons, 229
Mirthless laughter, 240
Mitochondrial encephalomyopathy, 68t, 

174t, 175
MNGIE (mitochondrial neurogastrointes-

tinal encephalomyopathy), 175
Möbius syndrome, 67, 87
Monoplegia, 110f, 112, 135
Monoplegia, site of lesion, 135
Montreal Cognitive Assessment (MoCA), 

209, 210t
Morvan syndrome, 253t, 254, 255
Motor functions 

anterior corticospinal tract, 110, 
110f, 111f

anterior horn cells, 113, 115f, 134
cingulate gyrus, 85f, 109
corticospinal tract, 109, 110f, 111f
corticospinal tract laminar structure, 

111f, 112
corticospinal tract lesions, 111
direct corticospinal tract, 109
end- plate potential, 115
excitation- contraction coupling  

(EC coupling), 115
final common pathway, 109
giant motor unit potentials, 114
indirect corticospinal tract, 109
lateral corticospinal tract, 110, 110f, 111f
lateral premotor area, 85f, 109
lower motor neurons, 109, 110f
miniature end- plate potential, 115
motor cortex, 85f, 109, 110f, 116f, 

123f, 127f
motor end- plate, 115
motor nerves, peripheral, 113, 114, 115f
motor unit, 114
muscle pain, 135

muscle testing, manual, 135
neuromuscular junction, 68t, 110f, 115
pre- SMA, 85f, 109, 115
primary motor area (Brodmann area 4; 

MI), 85f, 109, 115
pyramidal decussation, 110, 110f
pyramidal tract, pyramidal signs, 109
reinnervation, 114
SMA proper, 85f, 109
spinal cord structure, function, 112, 

113f, 114f
supplementary motor area (SMA), 85f, 

109, 115
upper motor neurons, upper motor  

neuron signs, 109
voluntary movement control ( see  

Voluntary movement control)
α motor fibers, 114, 115f
γ motor fibers, 114, 153, 186, 187t

Motor functions examination 
acute polyneuritis, polyradiculoneuri-

tis, 138
atypical acute polyneuritis, 140
chronic inflammatory demyelinating 

polyneuropathy (CIDP), 140
clonus, 144
coordination, 147
disuse atrophy, 142
fasciculation, 103, 134, 181
Gowers sign, 142
hereditary polyneuropathy, 141
hypotonia, 145
metabolic polyneuropathy, 141
monoplegia, site of lesion, 135
muscle atropy, 132
muscle hypertrophy, 134
muscle spasm, cramp, 145, 146
muscle strength, 134
muscle tone, 142
myotonia, 147, 148f
plexus lesions, 137, 139f
posture, 132, 205
rigidity, 121, 142, 144
spasticity, 143
spastic paralysis, 141
toxic polyneuropathy, 141

Motor impersistence, 233
Motor neuron disease, 109, 271t
Motor stereotypies, 178
Motor trick, 168
Motor vision, 42
Moyamoya disease, 6
Müller muscle, 52
Multifocal lesions, 2, 2f
Multifocal motor neuropathy with  

conduction block, 141
Multiple cranial neuritis, 99
Multiple mononeuritis (mononeuritis  

multiplex), 140
Multiple sclerosis 

ADEM vs., 143
clinical course, 3, 3f
clinical features, 39, 46, 63, 68t, 106, 

130, 142, 143, 146, 282t
immunosuppressive treatment, 219
lesion distribution, tissue- level, 2, 2f

Multiple system atrophy, 122f, 124t, 145, 
203, 204, 245

Multiple system atrophy predominantly 
presenting with cerebellar ataxia 
(MSA- C), 204

Multiple system atrophy predominantly 
presenting with parkinsonism 
(MSA- P), 126, 204

Muscles. see also specific muscles
atrophy, 132
hypertrophy, 134
pain, 135
spasm, cramp, 145
strength, 134
stretch reflex ( see tendon reflex)
testing, manual, 135
tone, 142

Music agnosia (amusia), 229
Musician’s cramp, 167, 168f
Myalgia, 135
Myasthenia gravis, 66, 203, 253t, 254, 

269, 271t
Myasthenic crisis, 269
Mycoplasma pneumoniae, 140
Mydriasis, 49, 53
Myerson sign, 81
Myoclonus 

brainstem origin, 175
classification, 173
cortical origin, 173, 173f, 174t
cortical reflex, 173
cortical reflex negative, 174
definition, 172
epileptic, 174
hiccup, 172
negative, 174
nocturnal, 172
periodic dystonic, 178, 180f
photic cortical reflex, 174
positive, 172
postanoxic, 174
progressive myoclonus epilepsy, 

174, 174t
propriospinal, 178
reticular reflex, 175, 177f
spinal cord origin, 177
spinal segmental, 177
spontaneous cortical, 173
startle disease, 175
undetermined origin, 177

Myoclonus- dystonia syndrome,  
hereditary, 172

Myokymia, 134, 181
Myopia, 52
Myorhythmia, 176, 261
Myotonia, 147, 148f
Myotonia congenita, 147, 251t, 252
Myotonic dystrophy, 78, 133, 147, 148f

Narcolepsy, 246
Nasal voice (rhinolalia), 97, 103
Nasu- Hakola disease, 219
Natalizumab, 219
Near point, 52
Neck examination, 105
Neck pain, 106
Neuralgia, 190, 191
Neuralgic amyotrophy, 137
Neuroacanthocytosis, 18, 19f, 166
Neurodegeneration with brain ion  

accumulation (NBIA), 126
Neurodegenerative diseases, 2, 2f
Neuroendocrinology, 265
Neuroferritinopathy, 126
Neurofibromatosis type 1, 12, 12f
Neurofibromatosis type 2, 12
Neurogenic muscle atrophy, 133
Neuroleptic malignant syndrome, 145
Neurologic emergency 

asymmetry of neurologic signs, 274, 275f
brain death diagnosis, 278
brain lesion, progressive ischemic, 273

coma, 25, 273, 274t
coma scale, 25, 25t
conjugate deviation of eyes, 62, 69, 274
disturbance of consciousness, 270
meningeal irritation, 278
nonepileptic disorders, 271
poor functional recovery conditions, 272
respiratory paralysis disorders, 269
status epilepticus, 272
tetanus, 78, 81, 146, 271t, 272

Neurologic examination 
activities of daily living, 20, 281
cranial nerves, 33
hypothesis- driven, 20
steps of, 20
symmetry of signs, 20

Neuromuscular junction, 110f, 115, 254
Neuromyelitis optica spectrum disor-

ders, 142
Neuroprotection, 287
Neurosecretory cells, 266
Nicotinic acetylcholine receptor antibod-

ies, 254
Night blindness (nyctalopia), 45
Nociceptive cortical areas, 188, 189f
Nociceptive pathway, 187, 187f
Nonketotic hyperglycemic- state, 167
Nose- finger- nose test, 147
Nuchal stiffness, 106, 278
Nucleus ambiguus, 31f, 32f, 97, 98f
Nystagmus 

congenital, 70
conjugate, 70
convergence- retraction, 71
dissociated, 63, 63f
down- beat, 71
gaze, 70, 71
horizontal, 70
optokinetic, 70
pendular, 70
periodic alternating, 71
positional, 95
rebound, 71
rotatory, 70, 95
spontaneous, 70
up- beat, 71
vertical, 70
vestibular, 95

Obstructive sleep apnea, 244
Ocular bobbing, 71
Ocular dipping, 71
Ocular dysmetria, 69
Ocular flutter, 71
Ocular fundus, 46
Ocular motor apraxia, 69
Ocular muscles 

extraocular, congenital disorders of, 67
extraocular, examination of, 58f, 65,
extraocular, nerve innervation, 57, 58f
extraocular, paralysis of, 66, 68t
intraocular, examination, 53
intraocular, nerve innervation, 49, 51f

Ocular myoclonus, 71
Ocular myopathy, 68
Oculogyric crisis, 69
Oculomotor nerve 

anatomy, 30f, 57, 58f, 60f
extramedullary lesion, 59, 60f
functions, 57
intramedullary lesion, 58, 58f
parasympathetic nervous system, 49, 51f

Oculopharyngeal muscular dystrophy, 132
Olfactory bulb, 35, 35f
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Olfactory groove meningioma, 36
Olfactory nerve, 35, 35f
Olfactory sensation, 35
Olfactory tract, 35, 35f
Ondine curse, 276
One- and- a- half syndrome, 63, 63f
Onion bulb formation, 141
On- off phenomenon, 145
Opalski syndrome, 110
Ophelia syndrome, 255
Ophthalmic artery, 37, 40f, 42
Ophthalmic nerve, 75, 76f
Ophthalmoplegia plus, 68
Ophthalmoplegic lipidosis, 62
Opisthotonus, 78, 81
Opponens pollicis brevis muscle, 136t
Opsoclonus, 71, 72f, 176
Opsoclonus- myoclonus syndrome, 71
Optic atrophy, 40f, 46
Optic chiasm, 38, 41f
Optic disc (optic papilla), 37, 38f, 40f, 46
Optic foramen, 37
Optic nerve, 38, 38f, 41f
Optic neuritis, 37, 46
Optic radiation, 40, 41f
Optic tract, 39, 41f
Optokinetic nystagmus, 70
Oral festination, 104, 119
Orbicularis oculi muscle, 86
Orbicularis oris muscle, 86
Orbital apex syndrome, 60
Orexin (hypocretin), 246
Organophosphate poisoning, 270
Organ transplantation, 219
Orolingual, oral dyskinesia, 172
Oromandibular dystonia, 167
Orthostatic hypotension, 24t, 25, 94f, 

102, 203
Oscillopsia, 70, 94
Osteosclerotic plasmacytoma, 14, 19f
Ovarian teratoma, 255
Oxytocin, 266

Pain 
central, 190, 192, 261
congenital insensitivity to, 188, 252
indifference to, 188
muscle, 135

Painful dysesthesia, 191
Painful hand and moving fingers syn-

drome, 181
Painful legs and moving toes syndrome, 181
Painful ophthalmoplegia, 60
Painful tonic spasm, 146
Painless diabetic motor neuropathy, 138
Palatal tremor, 71, 176
Palinopsia, 231
Palmar grasp, 81
PANDAS (pediatric autoimmune neuro-

psychiatric disorders associated 
with streptococcal infection), 166

Pantothenate kinase- associated neurode-
generation (PKAN), 125f, 126, 171

Papez circuit, 212, 213f, 262
Papilledema, 46
Paracentral lobule, 201
Paradoxical kinesia (kinésie paradox-

ale), 206
Paradoxical pupillary reaction, 54
Parainfectious, 16
Paralysis agitans, 159
Paramedian pontine reticular formation 

(PPRF), 61, 61f
Paramyotonia, 147

Paramyotonia congenita, 147, 251t, 252
Paraneoplastic cerebellar degeneration, 

253t, 254
Paraneoplastic syndrome, 9, 16
Paraphasia, 232
Parasympathetic nervous system, 199, 200f
Paratrigeminal (Raeder) syndrome, 80
Paresthesia, 190
Parinaud syndrome, 53t, 62
Parkinson disease 

bradykinesia, 119
clinical features, 119
deep brain stimulation, 119
with dementia, 216
disability rating scores, 124, 127t
L- Dopa, 120f, 126, 145, 172
mask- like face, 88
MIBG in myocardium, decreased 

uptake, 204
nonmotor symptoms/signs, 122
olfactory sensation, 36
postural abnormalities, 105
resting tremor, 160, 161f, 163
rigidity, 121
saccades, 65
sleep disorders, 245
tremor, generating mechanism, 161, 

161f, 162f
writing abnormalities, 121, 123f

Parkinsonism, 119, 122. see also Parkinson 
disease

Parotid gland, 101
Paroxysmal exercise- induced dyskinesia 

(PED), 172
Paroxysmal kinesigenic dyskinesia 

(PKD), 172
Paroxysmal nonkinesigenic dyskinesia 

(PNKD), 172
Parvocellular layer, 42, 43f
Past pointing, 95
Pathological gambling, 145
Pathological tremor, 160
Pedunculopontine nucleus (PPN), 118f, 

122, 123f, 124
Pellagra, 18, 192, 216
Pendular nystagmus, 70
Penetrating arterial branch, 7
Perception, 185
Percussion myotonia, 147, 148f
Periodic alternating nystagmus, 71
Periodic limb movement in sleep, 180, 246
Periodic paralysis, 251t, 252
Periodic synchronous discharge, 178, 

178f, 180f
Peripheral facial paralysis, 87
Peroneus longus, brevis muscles, 136t
Perry syndrome, 124
Perseveration, 233
Phantom limb pain, 191
Pharynx, somatosensory innervation, 100
Phenotypic heterogeneity, 166, 218, 249
Phonation, 97, 102, 103
Photoreceptor cells, 37, 38f
Physical examination 

findings, describing, 19
general, 9, 19
inflammatory diseases, 16
initial clinical evaluation, 9
oral cavity abnormalities, 17
skin abnormalities, 9, 12, 16
sunlight photosensitivity, 16, 18f

Physiological tremor, 160
Pickwickian syndrome, 245
Pilomotor reflex, 203

Pituitary gland 
anterior lobe, 265
hypophysial portal vascular  

system, 265
hypothalamohypophysial tract, 266
posterior lobe, 266

Plantar grasp, 81
Plastic reorganization, 283
Plexus lesions, 137, 139f
POEMS (Crow- Fukase syndrome), 9, 

14, 16f
Poikilothermia, 212, 267
Polio (acute anterior poliomyelitis), 270
Polyarteritis nodosa, 140
Polyganglionitis, 140
Polymyalgia rheumatica, 38, 135
Polymyositis, 14, 135
Polyneuropathy 

alcohol vitamin deficiency, 141
chronic inflammatory axonal, 141
chronic inflammatory demyelinat-

ing, 140
diabetic, 141, 191
examination of, 191
familial amyloid, 141, 201
hereditary, 141
metabolic, 141
painful sensory, 138
sensory predominant, 192
toxic, 141

Polyopia, 68, 231
Polyradiculoneuritis, 138
Polysensory areas, 230
Polysomnography (PSG), 244
Pons, 29, 30f
Pontine artery, 60f
Pontine basis, 29
Pontine tegmentum, 29
Portal- systemic encephalopathy, 213
Positional nystagmus, 95
Positive sharp waves, 134
Posterior cerebral artery, 40f, 43f, 60f
Posterior choroidal artery, 43f
Posterior communicating artery, 40f, 

43f, 60f
Posterior inferior cerebellar artery, 60f, 97
Postherpetic myelitis, 7
Postherpetic neuralgia, 79, 191
Postinfectious, 16
Posttetanic potentiation, 254
Posture, 132, 205
Pott paraplegia, 273
Pourfour du Petit syndrome, 52
Praxis, 227, 232
Precentral gyrus, 85f
Pressure sensitive neuropathy, 141
Pretectal nucleus, 39, 41f
Priapism, 203
Primary amyloidosis, 18
Primary central nervous system vasculi-

tis, 285
Primary lateral sclerosis, 143
Primary lymphoma, 285
Primary motor area (Brodmann area 4; 

MI), 85f, 109, 115
Primary somatosensory cortex (SI), 76, 77f, 

85f, 168f, 188, 188f, 189
Primary visual cortex, 42, 44f, 65f
Prion disease, 179
Procedural memory, 210
Prognosis assessment, 281, 282t
Progressive encephalomyelitis with rigidity 

and myoclonus (PERM), 146
Progressive external ophthalmoplegia, 68

Progressive multifocal leukoencephalopathy 
(PML), 219

Progressive muscular dystrophy, 132
Progressive nonfluent aphasia, 217
Progressive ophthalmoplegia, 175
Progressive supranuclear palsy (PSP), 62, 

69, 105, 122f, 124t, 178, 206, 218
Pronator teres muscle, 136t
Proprioceptive pathway, 75, 187f, 188, 188f
Prosopagnosia, 44, 230
Pseudoathetosis, 181, 190
Pseudobulbar palsy, 80, 99, 104
Pseudohypertrophy, 134
Pseudoxanthoma elasticum, 11, 11f
Psychogenic neurologic diseases 

classification, 257
common features, 258
conversion disorders, 257
factitious disease, 257
malingering, 257
motor paralysis, 257
sensory loss, 257

Ptosis (blepharoptosis), 52, 66
Puffer toxin (tetrodotoxin), 270
Pull test, 127t, 206
Punch- drunk encephalopathy, 217
Punding, 145
Pupillary dilator, 51, 51f
Pupillary sphincter, 49, 51f
Pupillotonia, 55
Pupils

convergence reflex, 49, 55
examination, 53
light reflex, 39, 41f, 49, 54, 54f, 276
special abnormal findings, 55
sympathetic nervous system control, 

51, 51f
Pure akinesia, 206
Pure autonomic failure, 203
Pure word deafness, 226
Pure word dumbness, 226
Purulent meningitis, 273
Pyramid, 29, 31f
Pyramidal tract, 29, 109, 110

Quadriceps femoris muscle, 136t
Quadrigeminal bodies, 29
Queckenstedt test, 287

Rabbit syndrome, 161
Radicular arteries, 113, 114f
Raeder (paratrigeminal) syndrome, 

80, 99t
Ramsay Hunt syndrome, 12, 14f, 85, 88
Rapid alternating movement, 147
Raymond- Cestan syndrome, 53t
Rebound nystagmus, 71
Rebound phenomenon, 147
Recent memory, 210, 211
Recognition, 223, 229
Recognition of faces, 44
Recurrent laryngeal nerve, 97
Referred pain, 202, 202f
Reflexes

abdominal, abdominal wall/ muscle, 
157, 158

anal sphincter, 203
ankle jerk (Achilles tendon), 154, 155, 

155f, 156
Babinski sign, 156, 157, 157f
biceps brachii, 154, 155f
bulbocavernous, 203
ciliary, 80, 276
ciliospinal, 277
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convergence, 49, 55
corneal (blink), 77f, 78, 80, 276
cough, 276
cremasteric, 158
extensor plantar, 156, 157f
finger flexor, 154, 156
flexor withdrawal, 156, 157
head retraction, 81
Hoffmann, 154, 156
inverted biceps, 153
inverted triceps, 153
jaw jerk, 77, 77f, 80, 154, 155f
light, 39, 41f, 49, 54, 54f, 276
masseter reflex (jaw jerk), 77, 77f, 80, 

154, 155f
Mendel- Bechterew, 154, 156
oculocephalic, 69, 276
palmomental, 81
patellar tendon (knee jerk), 154, 155f
pathological, 156
pharyngeal (gag), 100, 103, 276
pilomotor, 203
plantar, 156
primitive, 81
quadriceps femoris (knee jerk), 154, 155f
rooting, 81
Rossolimo, 154, 156
snout, 81
startle, 175, 178
sucking, 81
toe flexor, 154
tonic neck, 277
triceps brachii, 155f
Wartenberg, 154, 156

Refsum disease, 12, 46, 92, 130
Relapsing polychondritis, 12, 255
Remote memory, 210
Reserve functions, 283
Resonance, 119
Respiration, examination of, 274
Restless legs syndrome, 180, 246
Retina 

blood vessel observation, 46
ganglion cells, 37, 38f
migraine, 38, 243
pigment degeneration, 12, 17, 45, 46
structure, 37, 38f

Retinotopic organization, 42, 230
Retrobulbar neuritis, 37, 46
Retrocollis, 105, 218
Retrograde amnesia, 210, 211
Rett syndrome, 174t, 179
Reversible cerebral vasoconstriction  

syndrome, 244
Reversible posterior leukoencephalopa-

thy, 244
Reye syndrome, 272
Rigidity, 121, 142, 144
Rinne test, 91
Risus sardonicus, 78
Rods, 37, 38f
Romberg sign, 190, 190f, 207
Root pain, 106, 190
Ross syndrome, 55
Rostral interstitial nucleus of MLF, 62, 64f
Rotatory nystagmus, 70, 95
Round and isocoric (pupils), 53
Roussy- Lévy syndrome, 141
R- R interval, 203

Saccades 
catch- up, 70
control mechanism, 64, 64f
definition, 63

hypermetric, 70
hypometric, 70
memory- guided, 64, 64f
in Parkinson disease, 65
visually- guided, 64, 64f

Saccadic lateropulsion, 95
Saccadic pursuit, 70
Sacral sparing, 188
Salivation, 85, 88, 101
Sarcoidosis, 68t, 87, 142
Satiety center, 267
Savant syndrome, 230
Scanning speech, 104, 126
Scapula alata, winged scapula, 132, 132f
Schirmer test, 88
Secondary somatosensory cortex (SII), 76, 

188, 189f, 260
Segawa’s disease, 171, 171f
Segmental dissociated sensory loss, 

193, 194f
Segmental sensory impairment, 192, 194f
Selective attention, 89, 230
Semantic dementia, 217
Semantic memory, 210
Semicoma, 25
Semilunar (gasserian) ganglion, 50f, 75, 76f
SENDA (static encephalopathy of child-

hood with neurodegeneration in 
adulthood), 126

Sensation (sense), 185
Sensorineural deafness, 91
Sensory trick, 105, 168
Sepiapterin reductase deficiency, 171
Serotonin syndrome, 26
Serotonin synthesis, 120f
Sexual functions, 203
Shy- Drager syndrome, 203
SIADH (syndrome of inappropriate secre-

tion of ADH), 266
Sicca syndrome, 88
Simple tic, 179
Simultanagnosia, 231, 233
Simultanapraxia, 233
Sjögren- Larsson syndrome, 11, 143
Sjögren syndrome, 88, 140, 142, 193
Skew deviation, 67
Skin 

autonomic symptoms, 202
congenital/ hereditary diseases, 9
heavy metals intoxication, 16, 17f
inflammatory diseases, 12

Sleep disorders 
central sleep apnea- hypopnea  

syndrome, 245
classification, 244
cognitive disturbance in, 245
non- REM sleep, 244
obstructive sleep apnea- hypopnea  

syndrome, 244
periodic limb movement in, 180, 246
polysomnography (PSG), 244
REM sleep, 244, 245t
REM sleep behavior disorders, 245
stages of sleep, 244, 245t

Sleep paralysis, 246
Slurred speech, 104, 126
SMON (subacute myelo- optico- 

neuropathy), 144
Smooth pursuit eye movement, 63, 65f
Sneddon syndrome, 12, 13f
Soft palate examination, 103
Somatic sensation, 185
Somatosensory system 

Burdach column, 187

cortical receptive areas, 77f, 188
cortical sensation examination, 189
cuneate fascicle, 186
cuneate nucleus, 187
deep/ proprioceptive, 185, 186, 186t, 

187f, 260
dorsal column, 111f, 186
dorsal root ganglion, 76f, 84f, 144, 185, 

186f, 187f, 193, 200f
examination, 189
Goll column, 186, 193
gracile fascicle, 186
gracile nucleus, 186, 188
impairment, symptom distribution, 191
medial lemniscus, 29, 30f, 31f, 90f, 

187f, 188
modality specificity, 185
nociceptive pathway, 187, 187f, 189f
peripheral nerves, 185, 186f, 187t
proprioceptive pathway, 186t, 187f, 188
rapidly adapting receptors, 185
receptor/ generator potential, 185
receptors, 185
sensation, modalities of, 185, 186t
slowly adapting receptors, 185
somatotopic organization, 77f, 188
in spinal cord, 111f, 186, 187f
superficial sensation, 185, 186t
symptoms/ signs, 190
third sensory neuron, 188

Somnolence, 25
Spasmodic dysphagia, 103, 167
Spasmodic dysphonia, 104, 166, 167
Spasmodic torticollis, 167
Spasticity, 142, 143
Spastic paralysis, 141
Spinal cord 

acute compression, 273
autonomic nervous system, 199, 200f
blood supply, 112, 114f
laminar structure, 111f
motor system, 112
nociceptive impairment, 196
root lesions of, 137
somatosensory system, 111f, 186
structure, function, 112, 111f, 113f
subacute combined degeneration, 131
transverse, sensory impairment, 193, 195f

Spinal nerve, 113f, 200f
Spinal shock, 145, 157
Spinocerebellar ataxia (SCA) 

definition and classification, 129
SCA1, 129
SCA2, 124t, 126, 129
SCA3, 129, 171
SCA5, 129
SCA6, 126, 129, 243, 249
SCA7, 129
SCA8, 126, 129
SCA10, 129
SCA12, 129
SCA13, 129
SCA14, 129
SCA17, 126, 129
SCA27, 129

Spongiform encephalopathy, 179
Spontaneous nystagmus, 70
Spurling sign, 106, 190
Square- wave jerks, 69
SSRIs (selective serotonin reuptake  

inhibitors), 26
Stapedius muscle paralysis, 87
Start hesitation, 121
Startle disease, 175

Status epilepticus, 271t, 272
Steal phenomenon, 24, 207
Steele- Richardson- Olszewski syndrome, 

62, 218
Stellate ganglion, 51, 51f
Stereognosis, 186t, 189, 260
Sternocleidomastoid muscle, 105
Stiff- person syndrome, 146
Stokes- Adams syndrome, 25
Straight leg raising test, 106
Striate area, 42
Stroke, 6, 7, 242
Stupor, 25
Sturge- Weber syndrome, 10f, 11
Subacute cerebellar degeneration, 130
Subacute combined degeneration of the 

spinal cord, 131
Subacute sclerosing panencephalitis 

(SSPE), 178, 180f
Subarachnoid hemorrhage, 3, 4, 6, 106, 

244, 271, 274t
Subclavian steal syndrome, 24
Subdural hematoma, 213, 274t
Sunlight photosensitivity, 16, 18f
Superficial siderosis, 4, 92
Superior cerebellar artery, 60f
Superior colliculus, 29, 30f, 39, 41f, 64f
Superior oblique muscle, unilateral  

paralysis, 67
Superior oblique myokymia, 71
Superior salivatory nucleus, 30f, 32f, 

84f, 85
Supinator muscle, 136t
Supplementary eye field (SEF), 61, 64f, 

65f, 85f
Supplementary motor area (SMA), 85f, 

109, 115
Suprachiasmatic nucleus, 39, 267
Supranuclear paralysis, 69
Supraspinatus muscle, 136t
Susac syndrome, 92
Swallowing, 97
Sweet disease, 12, 15f
Sydenham chorea, 166
Sylvian aqueduct syndrome, 71
Sympathetic nervous system, 51f, 98f, 102f, 

115f, 199, 200f
Symptomatic oculopalatal tremor, 71
Synchronization of basal ganglia  

activities, 119
Syncope, 24, 24t
Syndrome of Alice in Wonderland, 229
Synesthesia, 231
Synkinesis, 86
Syringomyelia, 193, 194f
Systemic amyloidosis, 201
Systemic lupus erythematosus (SLE), 6, 16, 

140, 241

Tabes dorsalis, 55, 145
Tachypnea, 275
Tactile sense, 186t, 189
Tardive dyskinesia, 172
Tardive dystonia, 169
Task specificity, 167, 241
Taste sense, 85, 88, 100, 101f
Tectum, 29, 39
Telegraphic speech, 225
Temperature sense, 185, 189, 192, 195f, 

196f, 201
Temporal arteritis, 38, 135
Temporal information processing  

hypothesis, 119
Temporal lobe epilepsy, 93, 215, 238, 239
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Temporal lobe lesion, character change due 
to, 215, 214f

Temporal pallor, 37, 40f, 46
Tendon reflex 

distal extremity muscles, 154, 156
examination, 153, 155f
hyperactive, significance of, 155
Ia fibers, 144f, 153
Ib fibers, 144f, 153
Jendrassik maneuver, 155
muscle spindle, 144f, 153
physiological mechanism, 144f, 153
reinforcement technique, 155
Renshaw cell, 153, 154f
stretch receptor, 143, 144f, 153
tendon hammers, 154
tendon organ, 143, 144f, 153

Tensilon test, 66, 254, 269
Tetanus, 78, 81, 146, 271t, 272
Tetany, 146
Thalamic asterixis, 174, 176
Thalamic hemorrhage, 62, 259, 274, 278
Thalamic infarction, 214f, 259, 283
Thalamic pain, 191, 192, 283
Thalamic syndrome, 191, 192, 261
Thalamus 

anterior thalamic nucleus, 259, 260f, 262
CM- Pf complex, 262
dorsal medial nucleus, 213, 260f
internal medullary lamina, 259, 

260f, 262
intralaminar nucleus, 260f, 262
lateral geniculate body, 30f, 39, 40, 43f, 

260f, 262
lateral nuclear group, 259, 260f
massa intermedia, 259, 260f
medial dorsal (mediodorsal) nucleus, 

260f, 261
medial geniculate body, 30f, 89, 90f, 

260f, 262
medial nuclear group, 259
motor thalamus, 261
nociceptive afferents, 260
paramedian thalamic artery, 262
pulvinar, 30f, 179, 259, 260f, 262
structure, 259, 260f
tactile, deep/ proprioceptive affer-

ents, 260
thalamic hand, 261
thalamogeniculate artery, 260
tuberothalamic artery, 261
ventral intermediate nucleus, 125, 261
ventral posterolateral nucleus, 187, 187f, 

260, 260f
ventral posteromedial nucleus, 75, 76f, 

187, 187f, 260, 260f
Thallium poisoning, 16, 17f
Thoracic outlet syndrome, 137
Thrombolytic therapy, 273
Thymoma, 66, 254
Thyrotoxic myopathy, 68
Tibialis anterior muscle, 136t
Tibialis posterior muscle, 136t
Tic douloureux (trigeminal neuralgia), 79
Tics, 160f, 179
Tinel sign, 191
Tinnitus, 91

Tissue damage assessment, 281, 282t
Tissue plasminogen activator (tPA), 273
Titubation, 165
Toes, motor paralysis, 157
Tolosa- Hunt syndrome, 60
Tongue, 97
Tongue atrophy, 103f
Tongue bite, 18, 19f
Tonotopic organization, 89, 229
Top of the basilar artery syndrome, 60
Topographic disorientation, 231
Torsion dystonia, 170
Torticollis, 105
Touch localization, 160t, 190
Toxic cerebellar diseases, 130
Toxic polyneuropathy, 141
Toxic sensory ganglionopathy, 193
Transcortical reflex, 173
Transient global amnesia, 210, 211
Transient myoclonic state with asterixis in 

elderly patients, 176
Trapezius muscle, 106
T reflex, 153
Tremor 

central, 165
clinical features and classification, 159
enhanced physiological, 165
essential, 160f, 161f, 163, 164f
essential palatal, 176, 177
fragile X associated, 129, 166
intention, 165
kinetic, 165
mechanical, 165
midbrain lesion etiology, 165
palatal, 175, 176
physiological, 165
postural, 162
primary orthostatic, 165
primary writing, 165, 167
re- emergent, 162
resting, 160, 161f
symptomatic palatal, 176
task- specific, 165
voice tremor, 165

Triceps brachii muscle, 136t
Trigeminal autonomic  

cephalalgia, 242t, 244
Trigeminal nerve 

anatomy, 50f, 75, 76f
corneal reflex, 77f, 78, 80, 276
examination of functions related to, 78
extramedullary lesions, 76
intramedullary lesions, 76
jaw jerk (masseter reflex), 77, 77f, 80
main sensory nucleus, 75, 76f
masticatory muscles innervation, 76
mesencephalic nucleus, 76f, 77
motor nucleus, 76, 76f, 77f
primary sensory neuron, 75
primitive reflexes, 81
semilunar (gasserian) ganglion, 50f, 

75, 76f
somatosensory input, cortical  

reception, 76
somatosensory pathway, 75, 76f
spinal nucleus, 30f, 31f, 32f, 75, 76f
spinal tract, 30f, 31f, 75, 76f, 98f

trigeminothalamic tract, 75, 
76f, 80, 84

Trigeminal neuralgia (tic douloureux), 79
Trigger zone, 79
Triphasic waves (EEG), 212f, 271
Trismus (lockjaw), 78, 146
Trochlear nerve, 29, 32f, 50f, 60
Trousseau sign, 147
Trunk examination, 106
Tuberous sclerosis, 11, 10f, 241
Tumors, 2, 2f, 3, 131, 267, 273
Tunnel (tubular) vision, 45, 258
Two- point discrimination, 186t, 189
Tyrosine hydroxylase deficiency, 126, 172

Uncal herniation, 277
Uncinate fit, 35, 239
Unconsciousness, 24. see also consciousness
Uncus, 35, 35f
Unified Parkinson’s Disease Rating Scale 

(UPDRS), 124
Unilateral anosmia, 36
Unverricht- Lundborg disease, 174, 174t
Up- beat nystagmus, 71
Urge incontinence, 203
Urinary frequency, 203
Urinary retention, 203
Urination (micturition) control, 203
Utilization behavior, 81, 228

Vagus nerve 
anatomy, 32f, 50f, 97
dorsal motor nucleus, 31f, 32f, 101, 122
nucleus ambiguus, 31f, 32f, 97, 98f

Vanishing white matter disease, 219
Variant Creutzfeldt- Jakob disease, 

179, 262
Varicella zoster virus, 7, 12, 14f, 84, 273
Vascular dementia, 216, 218
Vascular disease, 6, 7
Vascular parkinsonism, 122. see also  

Parkinson disease
Vasopressin, 266
Vasovagal syncope, 24t, 25
Venous sinus thrombosis, 4, 243
Ventral pathway, primary visual  

cortex, 42
Ventral spinocerebellar tract, 31f, 129
Ventriloquist effect, 230
Verbal paraphasia, 225
Verbal perseveration, 232
Vernet syndrome (jugular foramen  

syndrome), 99, 99t
Vertebral artery, 24, 60f, 95
Vertebrobasilar artery territory, 24, 60, 60f, 

94, 273
Vertical gaze palsy, 53t, 62, 69, 218
Vertical nystagmus, 70
Vertiginous seizure, 93, 239
Vertigo, 94, 94f, 127. see also equilibrium
Vertigo and loss of equilibrium, 98
Very long chain fatty acid, 143
Vestibular nystagmus, 95
Vestibulocochlear nerve, 30f, 32f, 89, 90f
Vibration sense, 101, 186t, 189
Villaret syndrome, 99t, 100
Visceral efferent/ visceromotor nerve, 101, 102f

Visceral organ, 101, 102, 102f
Visceral pain, 202, 202f
Visceral sensation, 102, 185, 202, 204
Visual field, psychogenic  

constriction, 258
Visual field defects, 41f, 44
Visual function examination 

accommodation, 49, 51f, 52, 55, 80
acuity, 44
field, 44
higher functions, symptoms/ signs, 229
ocular fundus, 46
peripheral visual field constriction, 45
retinal blood vessel observation, 46
retinal pigment degeneration, 46

Visual hallucination, 215
Visual motion, 230
Visual object agnosia, 230
Visual recognition, 233
Visual system

anatomy and functions, 37 
blood supply to, 42
cytoarchitecture, 42
lateral geniculate body, 39, 41f, 43f
retina, 37, 38f
special functions, 42
visual cortex, 42

Visuospatial agnosia, 231
Vitamin B12 deficiency, 131
Vitamin E deficiency, 130
Vocal tic, 179
Voluntary movement control 

basal ganglia, 116
cerebellum, 125
corticospinal tract, 109
feedforward control, 115
final common pathway, 115
motor cortices, higher functions, 115
motor selection, 118
motor thalamus, 261
nigrostriatal system, 119

Von Hippel- Lindau disease, 131
Von Recklinghausen disease. see neurofibro-

matosis type 1

Waddling gait, 142
Wallenberg syndrome, 53t, 76, 94, 97, 98, 

98f, 99f
Waning, 66
Warm- up phenomenon, 147, 252
Wearing- off phenomenon, 145
Weber syndrome, 53t, 58f, 59
Weber test, 90
Wernicke encephalopathy, 68t, 211, 211f, 

212, 267
Wernicke- Mann posture, 132
Wernicke’s area, 223
Williams syndrome, 230
Wilson disease, 164, 165, 168, 169, 170f
Wing beating tremor, 164
Wolfram syndrome, 267
Wrist drop, 136, 138f
Writer’s cramp, 167, 169

Xeroderma pigmentosum, 16, 18f
X- kinked recessive dystonia- parkinsonism 

(DYT3), 126, 171
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