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PREFACE

t appears to the author that many text-books on mental disorder

written for nurses endeavour to compress within a small compass the
whole of anatomy, physiology, general medicine, neurology, psychology
and psychiatry. This must inevitably fall far short of the ideal in many
respects. So many important subjects can thus hardly be dealt with other
than in sketchy outline. In the hand-book presented here, the subject
matter has been restricted to the essentials of nervous structure and
function related as far as possible to the mind in health and disease. It
has been written to assist the nurse about to embark on her last year of
study at the'end of which she must negotiate the final examination in
mental medicine. The assumption is made that those who read this little
volume will have become familiar with simple anatomy, physiology,
hygiene, general medicine and the principles of nursing.

Recent years have seen much more research and interest in the subject
of nervous disorders. Much physical distress is now known to be based
upon, or complicated by, psychological factors. Gradually, doctors have
come to look on their patients from a psychophysical angle instead of
regarding them as cases of this or that disease. They have at last alighted
on the fact, after twenty-five hundred years of psychiatric history, that
behind an illness, physical or mental, is a living, pulsating human being.
So much the better. After all, motives arc at least as important as
measles, and conduct of more significance than cancer. No longer is the
study of behaviour restricted to detached and dignified armchair philo-
sophers totally divorced from the realitics of life. Those concerned with
the nursing and treatment of nervous illness and behaviour disorders
have at last assumed an independent status.

Every disease has psychological repercussions which are reflected in
behaviour alterations of some kind. It is therefore important that the
general as well as the specialist nurse should know something of the
forces which inspire human conduct. To this end, much space has been
devoted to the consideration of mental mechanisms, normal and morbid,
for there is hardly any field of medicine or surgery into which motives
and psychological methods of ‘escape’ from difficult circumstances do
not intrude.

It is abundantly clear that we have not yet learncd the lessons of
1914-18 as regards the effects of stress on the less well integrated nervous
system. True, we have discarded the term ‘shell-shock’ and substituted
the word ‘neurosis’, but there still exists crass and unpardonable ignor-
ance of the nature of psychological illness. In point of fact, there are
still too few humanists in psychological medicine. To quote, ‘We have

9



Preface

learned to accept the fact that everything in the body is determined by
the sum total of physiochemical forces. . . . But, tormented by an in-
visible anxiety, we seem to be unwilling and unable to admit to ourselves
that our thoughts, our fantasies, our mental pains, our joys are also
subject to determining biological forces, that they are not merely results
of our wilful making or of our faint-hearted lack of courage. . .. We
shall learn that our instincts and unconscious emotions are as effective
in making us act when they are left outside the field of awareness.” And
again, more significantly still, ‘Every time humanism has diminished or
degenerated into mere philanthropic sentimentality, psychiatry has en-
tered a new ebb. Every time the spirit of humanism has arisen, a new
contribution to psychiatry has been made.’

Psychological awareness is also very necessary to ascertain the causes
of periodic and increasingly disastrous wars with a view to their abolition
as a mode of settling human disputes. This ideal can best be attained by
the universal dissemination of authoritative psychological information
so that the knowledgeable folk can control therewith the baser passions
of the ignorant and unteachable. As an intermediate goal it is at any rate
desirable to spread knowledge which might induce deliberate and in-
telligent conduct and prevent impulsive, emotionally inspired and there-
fore irrational behaviour.

This war, like the last, is already producing a harvest of men (and
women for that matter), broken in health and spirit. Those who were
precariously adjusted in civilian life and moderately contented with their
lot, have had their lives disrupted, their homes broken and their security
shattered. They have in consequence broken down and can only view
their future with increasing anxicty, feclings of frustration and an acute
sense of failure. These unfortunate people will require rehabilitation. It
is therefore of paramount importance that nurses should understand the
principles of psychopathology and of psychiatric nursing; for they will
be called upon to play no small part in the scheme of restoration.

The author is neither sufficiently optimistic nor presumptuous enough
to imagine that he has supplied anything but an elementary answer to
the nursc’s problems. However, if she is interested in the theoretical
aspects of psychiatry in addition to the practical side of her work she
may find a modicum of information and perhaps something of service
to her in this book.

Finally, the author wishes to express his grateful thanks, acknow-
ledgements and indebtedness to all the authorities he has consulted, and
particularly does he wish to thank Miss B. Reynolds for her unfailing
and ever-ready assistance with the labour involved in typing the manu-
script.

H. C. BeccLr
Springfield Hospital,
Beechcroft Road,
London, S.W.17
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PREFACE TO FOURTH EDITION

his book apparently continues to be of service to students in all
branches of psychological medicine and it has therefore become
essential to consider a fourth edition.

Although psychiatry is far from static, advances are of necessity slow
and the newer approaches numerically few; for it is a truism to state that
many and bewildering are the theories, physical and psychological, put
forth to explain the recondite nature of the human psychic organism,
its vagaries and its multiplicity of reactions. Consequently the additions
to this volume although significant are small in number.

Thisis the age of ‘tranquillizers’ and we arc daily inundated with a vast
mass of literature describing in glowing and optimistic terms the effects
of many new drugs guaranteed, so it is claimed, to relieve agitation and
anxiety, the commonest symptoms of our present civilization. Some are
of value and of these chlorpromazine and rauwolfia derivatives are
outstanding but need to be prescribed with discrimination.

The matter of pharmacological treatment by these newer drugs has
been discussed as succinctly as possible in the light of the available
information derived from clinical research.

Minor refinements which have been elaborated in the known physical
treatments have also been described, particularly in connection with
modified clectroplexy and neurosurgery. Furthermore, recent rescarch,
carefully controlled, has thrown some fresh light on the value or other-
wise of deep insulin therapy.

Thus, a thorough and complete rcvision of this book has been under-
taken to include also some extensions in the fields of occupational
therapy and recent alterations in the methods of admission to hospital.

As regards the laws relating to mental treatment, nothing can be said
except that these have been reviewed by a Royal Commission with a
view to modernization and elimination of some of the more cumbrous
legal processes. A report has been published and the implementation of
any or all the recommendations must be awaited.

The author therefore hopes that this book will continue to subscrve
a useful purpose.

H. C. BeccLe
1957
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PREFACE TO FIFTH EDITION

henomenal advances in the practice of psychological medicine to-
gether with new legislation have compelled the preparation of a fifth
edition of this book.

Both research and treatment have gained impetus during the last
decade. Consequently, the face of psychiatry is changing rapidly under
the influence of new drugs and new methods of treatment. Mental
illness is being much more effectively treated than it ever was in the
past. Thousands of patients otherwise condemned to spend their lives
in hospital are now returning to their homes and to rewarding employ-
ment.

Revolutionary changes are contemplated in the hospitals themsclves,
although it will be a number of years before the new pattern of
psychiatry is established.

As to the new legislation, a uniformity of procedure is in being
which simplifies the law as it affects patients who have to be detained
compulsorily. At the same time, it is clinically rather than legally
orientated although many legal safeguards exist for the prevention of
possible abuse. Morcover, the trends expressed in the new laws are in
the direction of community care, day hospitals, therapeutic social
clubs and similar organizations, and away from the orthodox large
mental hospital with its inherent defects.

As far then as is possible, the text has been brought up to date, always
in the knowledge that the rapidity of advancement far exceeds the
capacity of any writer to maintain textual parity with progress.

The author therefore hopes that this book will still continue to be of
value to those who wish to survey the territory of psychiatry in its
present state of development.

H. C. BECCLE

1962
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INTRODUCTION

he study and practice of psychiatry is only of recent origin and

development. Historically, there scem to have been three distinct
phases in the evolution of mental medicine as a science. The ancients
weré sympathetic towards disorders of the mind and Hippocrates is
recorded as having made some shrewd comments on the subject. During
the Middle Ages, however, the crudities of medicine and medical men
were extended to insanity. The times were those of religious wars, super-
stition, gullibility and ignorance. Sorcerers, necromancers, astrologers
and charlatans guided the lives of the populace and were sometimes
entrusted with the care of the deranged, with results that can well be
imagined. Some of these unfortunates also came under the care of priests
on the supposition that witchcraft and ‘possession’ by demons was at the
root of all conduct disturbance. Madness was regarded with horror and
mad people were subjected to exorcisms and every kind of ingenious
barbarity. Burning, flogging, torture, chains and drowning were the lot
of these unhappy creatures. ‘Canst thou minister to a mind diseased?’ was
the rhetorical question of the day.

Even in later years the insane were still being segregated in prisons and
primitive madhouses where they were allowed to rot, starve or die in
circumstances of the utmost filth and squalor. Wealthier individuals or
persons of note such as George III were bled, purged and restrained. It
is strange to contemplate that whilst physical disease was being studied
earnestly, anomalies of the mind were avoided like the plague. Conse-
quently, no advances were made in the matter of psychological medicine
although armchair philosophers and scholars argued about the mind
and discussed at their gracious ease some of the phenomena of normal
thinking.

At length it occurred to the humanitarians of the eighteenth century
that perhaps the insane were sick people and might be treated on medi-
cal principles. After a further short period, during which chains, padded
rooms, cold showers, mechanical restraint, purging and bleeding per-
sisted as the treatments of choice, the first lunatic asylums came into
being. Even with their inception, however, there were still incidents such
as brutality, rape, murder and other crimes. Eventually, after Royal
Commissions had sat upon the weighty problem of insanity, laws were
promulgated, mechanical restraint was abolished and the older bar-
barities were finally discarded.

The third phase, which might be called the hospital era, dawned ; for
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Introduction

it was noticed that certain patients recovered in spite of the treatment
meted out to them. Gradually, legal safeguards were tightened up and a
regular system of hospital inspection instituted. Psychological medicine
became an examination subject. Doctors were encouraged to specialize
in mental diseases. The special training of nurses commenced. A great
step forward was the nursing of male patients by women. Furthermore,
the ‘dynamic’ school of psychologists and psychotherapists such as
Freud, Jung and Adler entered the lists in opposition to ignorance and
sterile academic psychology. They won a total victory over the forces of
uninformed prejudice and ignorant hostility. Research commenced and
has since becn pursued intensively.

And so a new age has been ushered in. Most institutions for’the
mentally sick structurally resemble, in part at least, general hospitals.
The doctors are trained and are now required to take a diploma in
psychological medicine. Modern laboratories and other diagnostic
facilities have been installed and modern methods of treatment, physical
and psychological, have been established. Occupational, recreational
and social facilities are now provided. The general hospitals have set up
psychiatric out-patient departments which work in close liaison with the
other clinics. A number of progressive county councils have accepted the
fact that much psychological disorder begins in infancy. They have
therefore established Child Guidance Clinics.

Another feature of modern psychiatry is the growing interrelationship
between the police courts, adult and juvenile, and psychiatric clinics.
Enlightened magistrates are making increasing use of the facilities offered
for the investigation of delinquents, first offenders and abnormal law-
breakers. The psychiatric social worker has come into being. She is a
highly trained person of sound character and judgment whose task it is
to investigate home surroundings, obtain school reports and to provide
information for the doctor. She has, as a rule, an encyclopaedic know-
ledge of convalescent homes, clinics, schools special and general, and is
thus of immeasurable service to the psychiatrist. Further, she conducts
‘follow-ups’ on patients discharged from hospital, assists to place them
in homes, jobs, and, in general, supervizes their welfare. In other direc-
tions, she maintains contact with various hospitals and with the organi-
zation known as the Mental After-Care Association whose assistance in
the rehabilitation of convalescent psychotics is invaluable. There re-
mains much to be done. The training of medical students, for example,
is still perfunctory. In fact, the teaching of psychological medicine leaves
much to be desired. It consists as a rule of about eight to twelve lecture
demonstrations the value of which is almost negligible. Newly qualified
doctors are therefore wellnigh at a complete loss when confronted with
the vast amount of psychological distress which greets them in their
practices.

Further, mental hospitals still retain some of their more primitive
characteristics. Many of them lack facilities for the proper classification
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of patients. The villa system has not yet been universally adopted so that
voluntary patients are unsatisfactorily accommodated. Wards still con-
sist of long cheerless galleries, terminating in dreary day-rooms and
punctuated by cold and bare side-rooms which resemble prison cells.
The walls of these wards are more often than not adorned (or more
accurately, defaced) by hideous fly-blown prints or lithographs depicting
such novelties as scenes from the Crimean War! Nearly all hospitals are
desperately overcrowded and are thus ideal breeding-grounds for typhoid
fever, dysentery and tuberculosis. All these features must be swept away
into the limbo of forgotten things. Instead, proper villas exuding a
cheerful and curative atmosphere must be substituted.

Apart from the question of treatment many more facilities for research
must be provided. As in all disease, prophylaxis is of paramount impor-
tance. Sterilization of the mentally unfit is a much vaunted but compara-
tively useless remedy. The prevention of mental disease cannot be dis-
missed as lightly as this, so that a still more intensive inquiry into here-
ditary, constitutional and causative factors must be pursued.

Research must begin with the infant. The populace will have to be
taught the art of child management. It is then for the schools to provide
proper instruction in sexual hygiene and biology. ‘Storks’, ‘gooseberry
bushes’ and other foolish old wives’ tales should be dismissed with the
contempt they deserve. The various secondary sexual epochs must be
explained beforehand so that their arrival should not be attended by
shock. Intelligent anticipation should be substituted for stealthy and
often inaccurate knowledge of an obscene kind. It is well worth pruning
sex of pornography, bawdy stories and furtive sniggers. After school,
vocational adjustments are best determined on a basis of discovered
aptitudes so as to avoid occupational misfits. Still later, marriage must
be depicted as a process of intricate and delicatc adaptations and not as
a licensed and exciting incident launched in an atmosphere of alcohol.
In this respect, there is tremendous scope for the ‘ante-marriage’ clinic,
a bureau which would have the authority to advise prospective partners
and, if necessary, prevent unions between unsuitable people. Surely,
ante-marital advice is at least as important as ante-natal supervision.
Moreover, a bureau of this kind would also provide instruction in the
art of marriage; for so many folk, particularly those encountered in
psychiatric out-patient departments, are totally unfitted for the respon-
sibilities entailed in marriage and parenthood.

It is also well worth while disseminating knowledge about middle age
and the climacteric which have peculiar problems of their own. Then
again, there is still not enough information available as to negotiation
of the later years with their prospects of retirement from active occupa-
tion. There is nothing to prevent people from growing old with dignity
and grace instead of having to labour on against an increasing handicap
of failing efficiency with its alternative, dependency and municipal sup-
port. The newer social security legislation testifies to the fact that the
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problems of this phase of life have always loomed large and are now
receiving belated attention.

Finally, the propagation of authoritative information on psychologi-
cal subjects has a great bearing on the political future. At the present
time, the world is in a state of flux. It is impossible to forecast what will
emerge from this reversion to primitive savagery. But one thing is cer-
tain, the more enlightened the various populations, the less the likeli-
hood of recourse to barbarism as a way of settling disputes. So that
doctors and nurses alike can add their quota to the education of peoples.
The ideal to be aimed at is the certainty that conduct based on intelligent
and dispassionate deliberation is far superior to that inspired by uncon-
scious motives. ‘

And so throughout life instruction should proceed hand in hand with
growth and development; for none is so omniscient that he need no
longer learn.

18



CHAPTER 1

ELEMENTARY ANATOMY AND PHYSIOLOGY
OF THE NERVOUS SYSTEM

he nervous system is a complicated structure composed of highly

specialized cells linked together to form a system of pathways along
which travel impulses. Its function is to receive stimuli from surround-
ings which change at every moment, and to respond to such alterations
with adequate muscular and secretory processes. Stimuli arise within as
well as outside the body. Sensations pour into the brain from all direc-
tions. They pass through a great many paths called association areas,
strengthening each other or cancelling each other out until they finally
pass from the brain to effect changes in the working organs. From the
moment of birth, such interplay of sensation and movement comes into
existence so that experience is being continually gained. Previous ex-
perience leaves its mark on the nervous system so that the infant’s
clumsy movements become more and more accurate until the normal
degree of skill is developed.

In more detail, nerve cells possess the property of extreme irritability,
i.e., they respond rapidly to minute stimuli. Some of them have been
especially modified to receive sensation from the skin and mucous mem-
branes. Sensations therefore flow in constantly from all parts of the
body, thus maintaining constant contact with the outer world, supplying
information as to the state of the bodily organs and giving warning of
dangers and commencing illness. Whatevcer their nature, scnsations are
conveyed in nerves to the spinal cord and to the brain. There they relay
and are passed on through chains of nerve cells or tracts to specialized
areas of the brain which analyse the impulses and pass them on again to
the parts of the brain which control such movements or other actions as
are appropriate. For example, the act of selection of a coin puts into
action touch corpuscles in the finger-tips. The feel and shape of the picce
of metal is conveyed from the fingers through the nerves of the arm to
the spinal cord and thence to the sensation receiving centre of the brain.
Here, the sensations are interpreted as regards the exact size and shape
of the coin so that one knows its appearance, its value and its purchasing
power. Impulses then pass across to the movement section of the brain
which sets into motion the necessary muscular activity for the dis-
posal of the coin. This whole series of elaborate mental processes takes
place in a trice, in fact, in a fraction of the time necessary to describe it.
Similarly, the sight of an object causes changes in the back part of the
eyes. These changes are transmitted along the nerves of the eyes to the
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occipital portion of the brain. Such visual sensations are analysed, their
meaning deduced, and again, stimuli pass to the areas of action so that
suitable movements can be brought about if necessary.

The nervous system is often regarded as a highly complicated system
of communications comparable with an elaborate telephone exchange.
Let it be said at the outset that there is nothing in the mechanical world,
however ingenious, to compare for one moment with the intricacies of
the simplest of nervous structures. Even in the lowliest of living creatures
nature far surpasses still all that has so far been constructed by man’s
comparatively clumsy hands.

The basic nervous principles remain the same in all animals. By dis-
section and experiment it is possible to trace the evolution of the human
nervous mechanism right throughout the animal world, commencing
with the simplest of living organisms and proceeding by way of the
earthworm, dog-fish, frog, rabbit, sheep and ape. The eventual develop-
ment of man and his dominance over all other creatures are all traceable
back to the fundamental fact that his brain is the most complex and the
most recent in evolutionary history. Thus, its very nature makes its study
difficult. Regarded from the physiological point of view man’s activities
can be thought of as intricate and variable combinations of reflex actions
initiated in the mind, controlled by the brain and carried out by the
muscles and organs to which the brain and its subdivisions scnd mes-
sages by means of nerves.

The nervous apparatus consists of:

1. The Central Nervous System which comprises:

(1) The brain and its parts which first initiate and control move-
ments; and secondly which receive sensations from all parts of the
body.

(i) The spinal cord which carries strands of nerve fibres called tracts.
These tracts convey nervous impulses to and from the brain.

2. The Peripheral Nervous System which consists of nerve fibres acting
as conducting material. These nerves are sent out from the brain and
spinal cord to all parts of the body. To economize in valuable space
such nerves also carry back sensations from all the tissues to the central
nervous system.

3. The Vegetative Nervous System. The nerves of this system arise
from highly specialized portions of the central nervous system and are
entirely concerned with functions which are quite independent of con-
scious desires. They control the activities of the viscera both hollow and
solid, the genitalia, the glands and the blood vessels. To illustrate this
independence one may take such functions as the heart-beat, respiratory
activity and digestion. The vegetative nervous system is closely linked
with the emotions and is very much influenced by the emotional state
as will be detailed later.

The brain and spinal cord are enclosed in protective membranes within
the cranial cavity and vertebral column, collectively called the meninges.
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Structure of the Nervous System

The outermost membrane is called the dura mater because of its tough
and fibrous consistency. Within it is situated a double membrane, the
pia-arachnoid mater which is closely attached to the nervous substance,
the pial layer followingthe outline of the nervous system very intimately,
covering the ridges and dipping into its grooves.

In certain districts, particularly at the base of the brain, the pia-
arachnoid becomes detached to form spaces.

Thus there are two spaces : one under the dura—the subdural space,
and the other beneath the arachnoid—the subarachnoid space.

The central nervous system, having been fashioned during the course
of evolution out of a hollow tube, retains its central cavity which in the
brain is subdivided into ventricles. Proceeding downwards from the
brain the ventricles gradually narrow finally to become the central canal
of the spinal cord. These hollows are lined by an epithelial layer called
the ependyma. In the brain the ependymal linings arc closely connccted
with certain blood vessels derived from the internal carotid arterics. The
unions so formed are called choroid plexuses and one of their functions
is to manufacture cercbrospinal fluid. This fluid, produced in the ven-
tricles, passes into the subarachnoid space to be finally absorbed into
the veins of the central nervous system. There is thus a continuous
secretion, circulation and absorption of cercbrospinal fluid. Its func-
tions are:

1. Protective: it acts as a water-cushion and shock-absorber. For ex-
ample, a blow on the head is first transmitted through the skull bones to
the cerebrospinal fluid which absorbs the shock in part, thus lessening
the severity of its effects upon the brain tissue.

2. Nutritive: it carries food substances derived from the blood to all
parts of the nervous system.

In appearance cerebrospinal fluid is a clear watery fluid containing
the same substances as are contained in blood but in very much greater
dilution. Microscopic examination shows it to be frec normally from any
kind of cell, at the most one white corpuscle per cubic millimetre. On
analysis it contains small quantities of globulin, albumin, sugar and
chlorides. In diseased conditions of the brain or cord, the cells increase
markedly in number as does also the protein content. Injury or burst
blood vessels cause red blood cells to appear in the fluid, whilst such
diseases as meningitis cause the sugar to disappear. Syphilitic diseases
produce changes in the protein content of a characteristic kind. These
changes are detected by special tests. It will be apparent that an examina-
tion of the cerebrospinal fluid withdrawn by lumbar puncture can give
very valuable information as to the state of the nervous system.

STRUCTURE OF THE NERVOUS SYSTEM

Like all other bodily tissues the nervous system is composed of cells
and supporting tissue. It contains : highly specialized cells—the neurons;
21
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and supporting cells arranged with their processes to form a network
comparable to fibrous tissue—called collectively—neuroglia.

Neurons are limited in number and once destroyed cannot be re-
placed. The dead cells are digested, removed and replaced by neuroglial
scar tissue. Destruction of nerve cells is therefore always a serious matter
which may result in disturbances of sensation, paralyses of various kinds
and conduct disorders, the type of disorder depending upon the site of
the lesion.

The Neuron. The nerve cell is a complex structure generally pyramidal
in shape, made up of a cell membrane, cytoplasm, nucleus and central
nucleolus. In the substance of the cytoplasm are embedded granules
which stain deeply with certain dyes and which are called Nissl’s bodies.
These vary in number and staining capacity with the health of the neuron,
being fewer in disease or exhaustion. They are in all probability food
reserves. (Diagram 1.)

\\&’- < DENDRITES

DIAGRAM 1
NERVE CELLS AND PROCESSES

The cell is always in touch with its fellows by means of two sorts of
off-shoots from its substance, the axon or axis cylinder and the den-
drites. In fact, it may make contact with a large number of similar
neurons so that one stimulus may excite many cells. The junctions thus
made are called synapses.

The dendrites are branching tree-like formations. Within the cell deli-
cate fibres run between the dendrites and the axon which is situated as a
rule directly opposite the dendritic formation. The axon may be of any
length depending upon its function. For example, in the sciatic nerve
which runs practically the whole length of the leg, the axons are very
long indeed. What passes along the axon is in the nature of an electric
current. Any nerve contains a large number of axons insulated from
each other. Diagram 2 represents a typical nerve cell with its dendrites
and axon. It will be seen that the latter is enclosed in a fatty (myelin)
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Structure of the Nervous System

sheath, constricted at intervals by the Nodes
of Ranvier. This sheath prevents, so to speak,
the leakage of current. Thus, impulses can be
transmitted in either direction in the same
nerve without risk of short-circuits. Should
the cell die and degenerate the axon dies simul-
taneously. .)-—AXIS CYLINDER
Nerve cells then have been devised during
the course of evolution for: ~MYELIN SHEATH
1. The reception of sensation from the outer
world. Pﬁ» NODE OF RANVIER

2. The interpretation of such sensations.

3. The production of muscular movements
and other activities appropriate to the scn- |
sations.

4. In man—the production of thought, the 1
exercise of imagination, wisdom, judgment W
and in general the adjustment of the individual
to his surroundings. In other words, the per-
formance of all that is implied in thinking,
feeling and doing,

Support is afforded the nervous tissue by the ncuroglial cells and their
processes which are arranged in a complicated basket-like manner to
enmesh and sustain it. The complete nervous system is thus a neat and
compact structure. Neuroglial material takes no part in the actual con-
duction of impulses.

Types of Neuron. For the sake of simplicity nerve cells can be divided
into three types:

1. Sensory—i.e. concerned with the reception of such sensations as:

(a) Special: smell, taste, sight, hearing, touch.

(b) Common: pain, heat, cold.

(c) Distension, as in the stomach, intestines and bladder, which sen-
sations in the end become extremely painful.

(d) Kinaesthetic, which tell how much movement has taken place in
joints, or how much contraction has occurred in muscles.

2. Motor—i.e. engaged in the transmission of impulses {rom the ner-
vous system to muscles, organs and glands, thus bringing about muscular
contraction and glandular secretion. Impulses are either stimulatory or
inhibitory.

3. Association—i.e. small nerve cells which act as ‘go-betweens’
amongst the important motor and sensory cells. They act as convenient
agents for relaying impulses.

General appearance. On inspection the central nervous system seems
to be composed of grey and white material. The grey matter is a dense
collection of nerve cells, whilst the white substance is made up of the
axons and dendrites of the neurons. Throughout the grey matter of the
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Elementary Anatomy and Physiology of the Nervous System

brain can be found clumps of neurons whose function it is to take on
subsidiary duties. There is one notable difference between the brain and
the spinal cord. In the brain the grey matter is externally placed. The
axons of the brain cells run downwards to form the white matter of the
external part of the cord, so that the grey substance of the cord is inter-
nally placed.

The central nervous system then consists of :

(i) The brain or cerebrum which rcceives all sensations and which
initiates all movement. It is the seat of all the intellectual functions such
as reasoning, judgment, memory and intelligence.

(ii) The cerebellum or small brain, the chief function of which is ‘the
proper control of all movements.

(iii) The mid-brain which contains nerve fibres running between the
spinal cord and the brain.

(iv) The basal ganglia (nuclei) which are part of the interbrain, and
which function as lesser motor and sensory areas.

(v) The pons Varolii which bridges across the two halves of the cere-
bellum.

(vi) The medulla oblongata which contains vital centres controlling
such functions as respiration and the heart beat.

(vii) The spinal cord which commences at the level of the foramen
magnum of the occipital bone and proceeds down the neural canal of the
vertebral column.

These structures will be dealt with in greater detail.

THE SPINAL CORD

The spinal cord is relatively simple to understand and will be de-
scribed first. In man it commences where the medulla finishes, i.e. at its
exit from the skull. Throughout most of its length it is about the thick-
ness of the little finger but terminates in a slender thread, the filum

POSTERIOR HORN

ANTERIOR HORN

DIAGRAM 3
REPRESENTING THE SPINAL CORD IN CROSS SECTION

terminale, at the lower border of the first lumbar vertebra. In cross-

section, the grey matter is internally situated and is roughly ‘H’ shaped.

The cord is hollow and its central canal opens up in the brain to form
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The Spinal Cord

cavities known as ventricles. The limbs of the ‘H’ are called ‘horns’.
Reference to Diagram 3 makes it clear that the slender horns are pos-
terior and receive sensory nerves or roots, whilst the anterior thick horns
contain many motor neurons from which proceed motor nerves (motor
roots).

The external white matter is composed of strands of axons arranged in
compact bundles called tracts. Some ascend to the brain as afferent
columns and others descend from the brain as efferent paths. The as-
cending bundles carry sensory impulses whilst the efferent tracts convey
motor impulses. The brain is thus linked to every part of the body. In
addition to the anterior and posterior horns the thoracic part of the
spinal cord possesses a third or lateral horn on either side which gives
rise to the nerves of the sympathetic or involuntary nervous system.
These special nerves are concerned with visceral functions to be de-
scribed later (see Diagram 4).
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DIAGRAM 4

TO SHOW THE SPINAL CORD, REFLEX ARC, AND ORIGIN OF SYMPATHETIC
NERVES

In the cervical and lumbar districts the cord presents enlargements
associated with the intricate blendings of the nerves of the arms and
legs called the brachial and lumbar plexuses. Finally, the cord provides
attachment for thirty-one pairs of peripheral nerves.

The spinal cord constitutes a protected pathway for the transmission
of incoming and outgoing impulses. It deals with many routine activities
of an automatic and habitual kind thus relieving the brain of much
work. It can supply the appropriate answers in the way of movements
and secretions to a large number of sensations. Reflex action is seen in
its purest and simplest form in the cord. In fact, reflexes form the basis
of much of the cord’s activities. Such important reflex functions as
micturition, defaecation and sexual activity are partially controlled by
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centres which are clustered together in the lumbar division of the cord.
Injury or disease in this region invariably results in disturbances of the
sphincters and of the sexual apparatus.

Reflex action. By definition, reflex action describes the immediate re-
sponse by movement or other organic activity to a sensation. For ex-
ample, the accidental touching of a hot object produces an instantaneous
movement of withdrawal. A sharp noise causes an immediate turning of
the head and eyes in the direction from which the sound proceeded. An
acid substance placed in the mouth, or even the sight of an object such
as a lemon, causes ‘watering of the mouth’, i.e. a profuse secretion of
saliva. Diagram 5 illustrates the path of the impulses involved in such
simple reflex actions. It will be seen that at least two processe$ are
involved.

DIAGRAM 5
TO ILLUSTRATE A SIMPLE REFLEX ARC

1. Afferent. A sense organ, e.g. a touch corpuscle, is stimulated. The
sensation passes along the sensory nerve (axon) to the cell body, and
from the cell body via its dendrites into the spinal cord where the den-
drite ends in a junction (synapse) with a motor neuron.

2. Efferent. The motor neuron thus excited, sends an impulse through
its axon to a muscle (or gland). The axon terminates in an ‘end-plate’
embedded in the muscle, and it is instrumental in causing the muscle to
contract.

Sensory paths. Many of the incoming nerves which pass in through
the posterior roots do not make immediate contact with anterior horn
cells but proceed up the cord as the ‘white matter’ arranged in bundles
or tracts. Others relay in the posterior horns. So that for clearness of
description, sensory nerves may be described as terminating in three
ways:

1. By passing straight to anterior horn cells.

2. By relaying in the posterior horns.

3. By ascending the cord.

The chief sensory tracts are as follows:

1. The tracts of Goll and Burdach which compose the posterior
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columns of white substance. These carry sensations from the muscles,
joints, sensations of pressure, touch and vibration. The axons are de-
rived from incoming posterior roots which ascend the cord to relay in
the nuclei of the medulla (nucleus gracilis and cuneatus). Fibres from
these nuclei cross each other and pass up to a sensory nucleus, the
thalamus, deeply embedded in the brain. A final relay carries the sen-
sations to the post-central convolution of the brain. Because of the
crossing, the left side of the brain receives sensations from the right side
of the body and vice versa.

2. Two spinothalamic tracts derived from posterior roots which relay
in the posterior horns of grey matter. They convey sensations of touch,
pain and temperature. The axons cross each other in the cord almost at
once and proceed partly in the lateral and partly in the anterior parts of
the cord to the thalamus where they are relayed on to the post-central
convolution.

3. Two spinocerebellar tracts (anterior and posterior or dorsal and
ventral) which again are formed from a relay which commences in a part
of the posterior horn called Clarke’s column. Some cross each other,
others ascend directly and all reach the cerebellum whose functionit is to
supervise balancing, posture and smooth working of muscles and joints.
The impulses carried come from muscles or tendons.

Motor paths. Motor horn cells in the spinal cord are excited either by
impulses arriving direct from the posterior roots or by stimuli arising
in the brain which travel from the brain to the cord along special
channels. The chief channels or descending tracts are:

1. The pyramidal or corticospinal tract. This is the most important
of all and the most recently developed during the course of evolution.
It begins in the large pyramidal cells of Betz situated in the motor cortex
of the brain on either side. The axons travel down through the brain,
cross in the medulla and run down the lateral columns of the cord to end
round anterior horn cells.

2. The rubrospinal tract commences in neurons grouped to form the
red nuclei placed one on cither side of the central canal of the mid-
brain. The axons end round anterior horn cells.

3. The vestibulospinal tract arises in the vestibular nucleus in
the medulla, descends into the cord and conveys impulses to the
anterior horn cells which are necessary for the maintenance of muscle
tone.

4. The tectospinal tract is derived from nuclei present in the roof of
the mid-brain. Like the vestibulospinal tract it is located in the anterior
part of the cord. It is concerned with reflex movements brought about
by visual and auditory impulses.

Involuntary functions. The lateral horn, restricted to the thoracic part
of the spinal cord, contains cells which give rise to special nerves of
supply for the viscera. These nerves are under the direct control of a
special area of the brain and function involuntarily. They belong to the
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sympathetic or vegetative nervous system and are sufficiently important
to warrant detailed and separate description.

PERIPHERAL NERVES

It will be noted that the diagrammatic representation of the reflex arc
is over-simplified. Actually, the sensory nerves contain a large number
of fibres which are grouped together and contained in a sheath. The cells
of origin are collected together in swellings known as the posterior root
ganglia. These ganglia are situated on either side of the vertebral column
and their axons are called sensory roots. The sensory roots enter the
posterior horns of the spinal cord through spaces formed by the laminae
of the vertebrae. Each sensory nerve collects sensory impulses from its
own area of skin so that leg sensations enter the lumbar part of the cord,
body sensations are conveyed to the thoracic cord, and so on.

Similarly, each motor nerve consists of collections of axons derived
from motor horn cells and each supplies its own particular set of muscles.

The sensory root joins the motor root for economy in space and the
‘mixed’ nerve thus formed is distributed to its defined areas. In the
thoracic region, each mixed nerve accompanied by an artery and a vein,
runs in a groove on the lower part of the rib thus being protected as far
as possible from injury.

Because of the development of complicated structures like the limbs
special arrangements of nerves exist in the cervical and lumbar areas. In
relation to the arm the fifth, sixth, seventh and eighth cervical together
with the first thoracic unite in a complex network to form the brachial
plexus. In the same way, the lumbar and sacral nerves join to form the
lumbar plexus. In this connection it must be noted that as the spinal
cord is much shorter than the vertebral column the lumbo-sacral roots
must take a more or less vertical course downwards. These roots re-
semble a horse’s tail and receive the collective name, ‘cauda equina’.

The peripheral nerves can thus be classified under three headings:

1. Sensory or afferent, conveying to the central nervous system im-
pressions derived from many sources.

2. Motor or efferent, terminating in end-plates in the muscles.

3. Mixed nerves. As already mentioned, mixed nerves are formed by
the combining of sensory and motor nerves in the one sheath for economy
in space.

Some important nerves. The following peripheral nerves are important
enough to warrant special notice :

1. The phrenic nerve arises in the neck and runs down to supply the
diaphragm with motor fibres.

2. The musculospiral is a mixed nerve which, arising in the brachial
plexus, supplies motor nerves to many arm muscles and certain portions
of the skin of the arm. It is liable to become involved in fractures of the
middle of the humerus around which it winds.

28



Sensation

3. The ulnar nerve comes from the brachial plexus and supplies various
forearm muscles including those of the ring and little fingers. It provides
a sensory path for the skin of the same area. Behind the internal epicon-
dyle of the humerus it becomes superficial and often receives minor blows.

4. The sciatic nerve comes from the lumbar plexus and pursues a very
long course through the sciatic notch into the buttock, down the back
of the thigh into the popliteal space supplying the hamstring muscles in
its course. Behind the knee it divides, one of its branches curling round
the head of the fibula to reach the outer side of the leg and foot.

SENSATION

The sensory system needs some special explanation because the sur-
face of the body is a vast receptive area for many types of stimuli. A
variety of end-organs have been elaborated to cope with the multitude
of impressions which fall on the organism throughout life, and in par-
ticular, waking life. End-organs are very specialized modifications of
dendrites.

The Skin. The skin responds to:

1. Pain—by means of free nerve endings profusely distributed in most
areas of the body.

2. Touch—by means of ‘end-bulbs’ which are very numerous in such
sensitive districts as the finger-tips, nose and lips.

3. Heat—the exact nature of the ‘heat-spot’ has not been identified
but it is known that certain defined and limited areas can detect warmth
above that of the body temperature.

4. Cold—*‘cold spots’ are likewise distributed over the skin surface.

Muscles and tendons. These are supplied with nerve endings called
muscle spindles which convey information to the brain as to the amount
of muscular contraction. Such knowledge is very necessary for the
proper control of movement. A fact of medical importance is that light
blows on the tendons of partially stretched muscles produce reflex con-
tractions. For example, a tap on the patellar tendon will cause a sharp
extension of the anterior thigh muscles. This reflex is called the knee
jerk. There are many such reflex mechanisms in connection with the
muscles of the arms, legs and elsewhere, which provide valuable infor-
mation as to the state of health or otherwise of the nervous system.

The Viscera. Visceral pain does not exist as such. Organs like the
stomach and bladder give rise to a sensation of fullness when distended.
Irregular contractions of hollow organs produce colicky pain as the
result of stretching of their peritoneal coverings. When an internal organ
is diseased what is actually experienced is ‘referred pain’, i.e. the pain is
felt in that portion of the skin which is supplied from the same segment
of the cord as the unhealthy organ. For example, the tenth spinal seg-
ment supplies both the testis and the kidney ; consequently kidney disease
refers its pain to the testis. Again, gall-bladder pain is felt in the right
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shoulder, cardiac pain often extends down the left arm. Further, the
stomach and forehead are supplied by the tenth cranial nerve so that a
hurried swallowing of ice-cold food often produces a sudden and intense
frontal headache. A knowledge of the nature and distribution of referred
pain is, therefore, of importance in medical diagnosis.

Peritoneum, pleura, pericardium and skull membranes. These are ex-
tremely sensitive and plentifully endowed with nerve endings. They
respond with pain to stretching, pulling, tearing and inflammation, the
pain being referred to the corresponding skin surface.

The Ear, Eye, Tongue and Nose. Hearing, vision, taste and smell are
so highly specialized as to require separate and detailed description. As
these functions are associated with the brain they will be dealt with in
the section relating to the cranial nerves.

THE BRAIN

The brain is a complex structure composed of extremely specialized
nerve cells. Unlike the spinal cord the ‘grey matter’ (neurons) is external
and the ‘white matter’ (axons) internal. The neurons are supported by
non-conducting neuroglial cells and their processes. The whole of the
brain is contained in the cranial cavity under the protection of the skull
bones and brain membranes (the meninges).

It consists of a large anterior cerebrum or fore-brain and a small pos-
terior cerebellum or hind-brain. Attached to the cerebrum and emerging
from its under-surface are the legs or crura of the cerebrum. These are
chiefly composed of the axons of cerebral cells and make up the front of
the mid-brain, the posterior part being made up of four hemispherical
masses, the quadrigeminal bodies. The crura proceed downwards and
enter the pons Varolii which is a mass of nerve fibres bridging the two
halves of the cerebellum which lies behind and below the cerebrum. The
pons gives place to the medulla oblongata, a part of the brain which
contains many vital regulating centres. The latter terminates at the
foramen magnum to become the spinal cord, which enters the vertebral
canal and which continues downwards to its termination.

The interior of the cerebrum is hollow, the cavities or ventricles merg-
ing with each other eventually narrowing to become the central canal of
the spinal cord.

The cerebrum. On inspection the cerebrum is seen to be patterned by
a complicated system of ridges (convolutions) and grooves (sulci) which
make it easily distinguishable from the brains of large animals. Viewed
from above it is seen to be divided into two exactly similar halves or
hemispheres. These are connected together by a thick horizontal band
of nerve fibres, the corpus callosum. The space between the two hemi-
spheres is called the superior longitudinal fissure. Of the grooves or sulci
the two most important are the fissure of Rolando (central sulcus),
which runs upwards and slightly backwards, and the fissure of Sylvius



The Brain
which, commencing in front, proceeds backwards more or less horizon-
tally, turning upwards slightly at its hinder end. Reference to Diagram 6
will give their positions.
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DIAGRAM 6
SIDE VIEW OF BRAIN, CHIEF LOBES AND FISSURES

Thus each hemisphere is roughly divided into subdivisions or lobes
each of which takes the name of the overlying skull-bone.

The lobes may be thus described :

1. In front of the Rolandic fissure. The frontal lobe, very well marked
in man, is the seat of all the intellectual functions such as thought,
memory, imagination, foresight and wisdom. All movement, conduct
and purposive behaviour originate here. :

2. The pre-central convolution. Immediately anterior to the fissure of
Rolando is the easily recognizable and important pre-central gyrus. It is
made up of large pyramidal cells, the cells of Betz, which serve to initiate
and control movements of all parts of the body. Within the convolution
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DIAGRAM 7
TO SHOW THE REPRESENTATION OF THE BODY IN THE MOTION CONTEXT

every part of the body is represented so that the toes are controlled from
its highest point and the face from its lowest portion. There is also a
special centre which ensures that the eyes shall move simultaneously in
the same direction. (Diagram 7.)
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The axons of the Betz cells extend for both short and long distances
throughout the brain and spinal cord. They come together from all parts
of the pre-central gyrus to form a fan-shaped structure called the corona
radiata. The fibres thus come more closely together in part of the brain
called the internal capsule which lies between two large nuclear masses
called the basal ganglia. Proceeding downwards the pyramidal tracts
pass into, and form part of, the mid-brain, occupying three-fifths of the
crura cerebri (cerebral peduncles). During their passage they give off
axons to the various nuclei from which the cranial nerves originate. The
tracts continue down through the pons and pass into the medulla on the
front of which they become visible strands. At the lower border of the
medulla the tracts cross each other (decussation of the pyramids), and
take up their final positions in the lateral part of the white matter of the
cord. A few fibres continue without crossing and take up a situation in
the anterior part of the spinal cord. Thus, there are two pyramidal tracts
on either side, crossed and direct. In the cord axons leave the main tract
at intervals to form synapses with anterior horn cells. (Diagram 8.)
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THE PYRAMIDAL TRACTS

The arrangement described makes the right side of the brain respon-
sible for the left half of the body and vice versa. In right-handed people
the left cerebral hemisphere is the dominant one, and also controls
speech by way of a speccial centre situated low down and just in front of
the pre-central convolution. Therefore, disease or injury affecting this
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district and the adjoining pre-central gyrus causes right-sided partial
paralysis and speech defects.

The pyramidal tract is sometimes called the upper motor neuron ex-
tending as it does from the brain to the anterior horn cells. In contrast,
the Jower motor neuron is represented by the anterior horn cell and its
axon of supply to a muscle or organ. The upper motor neuron initiates
and controls movement, whereas the lower carries it out. In practice, the
desire to move arises in the frontal lobes and is immediately communi-
cated to the pre-central gyrus. The impulse then passes down the appro-
priate set of pyramidal fibres and, arriving at anterior horn cells,
stimulates them to produce impulses which are finally conveyed to the
muscles appropriate to the desired movement. All kinds of dclicate,
intricate and skilled actions can thus be carricd out and accurately
supervised. When the pyramidal system is damaged this delicate me-
chanism is severely impaired, and all that remains is a limited capacity
to carry out coarse movements at the large joints.

3. Behind the fissure of Rolando. Immediately posterior to the Rolandic
fissure lies the post-central gyrus in which all parts of the body are
represented in a similar manner to the arrangement in the pre-
central convolution. The post-central gyrus receives sensation as
follows :

(i) Touch, pressure, vibration, muscle and joint sense reach the pos-
terior horns of the spinal cord via the posterior or sensory roots. The
next relay carries these impulses in the tracts of Goll and Burdach
situated in the posterior white columns of the cord. These tracts relay
again in the two nuclei, Gracilis and Cuneatus in the medulla. The fibres
arising from these nuclei then cross and pass to the thalamus of the
opposite side. Finally, fibres from the thalamus carry the sensations to
the post-central gyrus.

(ii) Pain, heat, cold and touch sensations are conveyed from the pos-
terior horns of the spinal cord via the spinothalamic tracts situated in
the lateral white columns. The crossings take place almost immediately
in the cord and in close proximity to the central canal. The tracts pro-
ceed directly to the thalamus, relay therein and then ascend to the post-
central convolution.

In this important gyrus all sensations are critically analysed. Surfaces
and textures can be appreciated, all shades of touch and pain sensation
can be accurately assessed, and every variety of movement can be super-
vized and controlled.

The parietal lobe of which the post-central gyrus forms the anterior
border, lies behind the Rolandic sulcus and between it and the upturned
end of the Sylvian fissure. The latter also forms the lower border. Its
function is to receive and analyze all incoming sensations other than
those of smell, taste, hearing and vision.

4. Below the fissure of Sylvius lies the temporal lobe which blends
imperceptibly with the rearward part of the brain. Its function is the
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reception and interpretation of sounds, i.e. it is composed of a sensory
district which receives the sounds and a psychic area which determines
what the sounds mean.

On the inner and forward side of the lobe, a special gyrus, the hippo-
campus, deals similarly with sensations of smell and taste.

5. The most posterior part of the brain, the occipital lobe, is equipped
with a visuo-sensory and a visuo-psychic area to receive and interpret
visual impressions.

In passing from the front of the brain to the rear it becomes evident
that there is a gradual transition of function from motor to sensory.
Nevertheless, no one part of the brain acts independently of any other.
All sections are closely linked up by association cells and their fibres
making the whole a comprehensive system of inter-communication. It
follows therefore that damage to any one part of the brain must result
in serious consequences. For example, injury to the auditory psychic
area is followed by word-deafness, i.e. words are heard but not under-
stood. This leads to impairment of all intellectual functions and is
obviously a very serious condition as compared with the deafness of ear
disease where the brain and therefore the mind remain intact.

THE BASAL GANGLIA

These are collections of nerve cells deeply embedded in the substance
of the cerebral hemispheres on either side of the third ventricle of the
brain. They belong to the earliest history of man’s development.

1. The corpus striatum is a mass of cells, once a primitive motor centre,
well developed in the fish and other lowly creatures. In man, it has been
superseded by the pyramidal system and now only subserves a secondary
function. By way of its connections with the cerebral cortex, red nucleus
and thalamus it controls muscular tone. When diseased, muscular
rigidity and tremors develop.

2. The thalamuslike the corpus striatum isa primitive mass of neurons,
but concerned with sensory functions. It receives impulses of pain, heat,
cold and touch and in fact acts as a relay station for all sensations in-
cluding sensations of sound and sight. These impressions are passed on
to the post-central gyrus; parietal and occipital lobes. Pain actually
becomes conscious in the thalamus but only in a crude sort of way.
Thalamic estimations of sensations are very coarse, the finer shades of
feeling not being detected. The thalamus can only appreciate pain of a
certain intensity, and extremes of temperature.

There are then two sets of higher motor mechanisms and two sets of
reception areas :

Motor: (a) the pyramidal system for all skilled movements; (b) the
corpus striatum for the control of cruder movements.

Sensory: (a) the post-central gyrus and the posterior part of the
cerebrum ; (b) the primitive thalamus. (Diagram 9.)
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The Mid-Brain

Note. The epithalamus which lies above the thalamus includes a num-
ber of structures of which the pineal body is the best known. This is a
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DIAGRAM 9
BASAL GLANGLIA AND RED NUCLEI

small mass which lies in the roof of the third ventricle between the two
thalami. It contains no nervous tissue but is related to the endocrine
system. Its origin has been traced back to certain types of lizard in which
itis a kind of third eye.

The hypothalamic portion of the brain is of importance becausc of the
pituitary gland which emerges from its ventral surface and which is
attached to it by a stalk. The pituitary gland rests in the sella turcica of
the sphenoid bone in close relationship to the optic chiasma and the
cavernous sinus.

The rest of the inter-brain consists of a complex system of nuclei
which are concerned with temperature regulation, water, sugar and fat
metabolism and possibly with sleep. It has also been suggested that this
district also controls the sympathetic system and is therefore concerned
with the emotions.

THE MID-BRAIN

The mid-brain may be regarded as the upper and expanded end of the
medulla. It is largely made up of the pyramidal tracts which act as a
double support to the cerebrum and which are contained in the crura
cerebri. It contains the nuclei of origin of several cranial nerves par-
ticularly those supplying the muscles of the eyeball.

On either side of the central canal or aqueduct of Sylvius are situated
masses of neurons of a pinkish hue, each mass being called the red
nucleus. A tract, the rubrospinal tract, arises from each red nucleus,
crosses its fellow and runs down the opposite white column of the cord
to end round the anterior horn cells. In man the rubrospinal apparatus
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is concerned with automatic movements and the maintenance of posture.
It is connected with the opposite cerebellar hemisphere and to the corpus
striatum of the same side. Hence, by this means, the cerebellum can
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DIAGRAM 10
THE MID-BRAIN

exert influence over the spinal and other reflexes. Behind the peduncles
are nuclear bodies, the four corpora quadrigemina or colliculi of which
the upper pair are related to eye reflexes and the lower pair to auditory
reflex action. They give rise to tracts which terminate round anterior
horn cells, so as to link up the eyes and ears with spinal reflexes. (Diag. 10.)

THE CEREBELLUM

The cerebellum is sometimes called the small brain and is situated
behind and under the mass of the cerebrum in the posterior fossa of the
skull. 1t is separated from the large brain by a strong membranous fold
of dura mater called the tentorium cerebelli. Like the cerebrum it is
composed of two hemispheres joined to a central narrow worm-like
lobe, the vermis. On section each hemisphere reveals a tree-like striation
and a number of nuclei. The connections of the cerebellum are as
follows: (Diagram 11).

1. To the red nucleus and thalamus of the opposite side. It thus estab-
lishes control over the muscles of the same side.

2. With the pontine nuclei of the opposite side.

3. With the spinal cord by way of the two spinocerebellar tracts which
carry incoming fibres from the posterior roots.

The functions of the cerebellum are still obscure but it undoubtedly
exercises a profound influence on posture, muscular tone and equili-
brium. It has a special relationship with the balancing apparatus of the
ear which if disordered produces giddiness, sickness and instability.
Disease of one or other cerebellar hemispheres gives rise to weakness
(asthenia), loss of muscle tone (atonia), staggering gait (ataxia), loss of
measuring capacity of movements (dysmetria), all on the same side of
the body. In short then, the small brain is the master organ of equili-
brium.
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The Cerebellum

The pons Varolii bridges between the two cerebellar hemispheres. It
contains a number of cranial nerve nuclei, which are connected to the
cerebellum on the one hand and with anterior horn cells on the other.
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DIAGRAM 11
CONNECTIONS OF CEREBELLUM AND RED NUCLEUS

The medulla oblongata lies between the mid-brain and the spinal cord.
It is hollow and its cavity is called the fourth ventricle. From it arise the

rest of the cranial nerves. (Diagram 12)
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LONGITUDINAL SECTION OF CEREBRUM AND CEREBELLUM

The medulla contains a number of vital centres. Special nuclei regu-
late respiration, the strength, rate and force of the heart-beat, and the
size of the arterioles and therefore of the blood pressure. In addition
centres exist for the production of such reflexes as sneezing, vomiting,
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swallowing, sucking and salivation. Injury to the medulla causes in-
stantaneous death because of damage to the vital centres.

The cavities of the brain and spinal cord. The central nervous system
is hollow having been originally elaborated from a simple tube of ner-
vous material. Each cerebral hemisphere contains a cavity, the lateral
ventricle, which penetrates deeply into the frontal and occipital lobes.
The two lateral ventricles join to form the third ventricle situated be-
tween the two thalami. Posteriorly, the third ventricle narrows to be-
come the iter or aqueduct of Sylvius which courses through the mid-
brain to expand behind as the fourth ventricle of the medulla. A further
narrowing then takes place as the cavity blends imperceptibly with the
central canal of the spinal cord.

The cavities throughout are lined by a special epithelial layer of cells
called the ependyma, which, together with the blood vessels form the
choroid plexuses and manufacture cercbrospinal fluid.

THE CRANIAL NERVES

The cranial nerves are described separately because of their special-
ized functions and because they all arise from specific parts of the
brain.

It has already been noted that the spinal nerves arise in an orderly
sequence from the cervical, dorsal, lumbar and sacral segments and are
distributed to the various muscles and other organs of the neck, trunk
and limbs. The cranial nerves, except for the fact that they are paired,
have however lost the appearance of orderly and segmental origin.
There are twelve pairs which may be described as follows:

The olfactory nerve. Sensations of smell are detected by nerve fila-
ments situated in the upper part of the nasal mucosa. The filaments pass
through the cribriform plate of the ethmoid bone to the olfactory bulb
which lies more or less under the tip of the frontal lobe of the brain.
From the bulb the olfactory tract passes back to the hippocampus where
smells are analysed. The olfactory sense is easily fatigued, a fact which
explains the ability of human beings to herd together and live on occa-
sions in vitiated atmospheres without discomfort.

The optic nerve arises as the grouped axons of special cells, situated
in the retina at the back of the eye. It conveys photographic impressions
received via the lens and retina and passes through the sphenoidal fissure
into the cranial cavity beneath the frontal lobes. The optic nerves meet
in the region of the sella turcica in a junction, the optic chiasma. The
inner halves of each nerve cross, and behind the chiasma, the optic
tracts now contain axons from both eyes. They continue backwards and
relay in the posterior part of each thalamus and upper quadrigeminal
body. The last relay sweeps round the lateral ventricles to end in the
occipital lobes. The optic chiasma may sometimes be pressed upon by
tumours growing in the neighbouring pituitary body causing varying
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Structure of the Eye

degrees of blindness together with symptoms of increased intracranial
pressure.

STRUCTURE OF THE EYE

The eye is a globular organ covered in front by a delicate mem-
brane, the conjunctiva, which also lines the inner surface of the eyelids.
The coats of the eyeball consist of :

An outermost tough membrane, the sclerotic, which becomes
transparent in front and is then called the cornea.

A middle layer, the choroid which, anteriorly, gives place to the
ciliary muscle and iris. The ciliary body provides attachment for a cap-
sule containing the lens. The iris is pigmented and its colour varies from
person to person. Being muscular it can contract or expand according to
the amount of light falling on its central aperture, the pupil.

An innermost layer, the retina, is a sensitive membrane composed
of special cells called rods and cones. The rods are employed in night
vision whilst the cones are adapted for keen central vision. The axons of
all these cells are gathered at the posterior part of the eye in the ‘blind
spot’ to form the visual path which has already been traced back to the
occipital lobes of the brain.

Thus, the lens capsule divides the interior of the eye into two parts, a
small anterior division containing a watery fluid, the aqueous humour,
and a large posterior compartment filled with a gelatinous, viscid sub-
stance, the vitreous (glass-like) humour. (Diagram 13.)
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As far as the physics of the eye is concerned, the principle is that of the
camera. Instead of the ‘stop’, the iris is capable of dilating to receive
more light or contracting to diminish glare. Focusing or accommoda-
tion is carried out by contraction or relaxation of the ciliary muscle
which, by tightening or loosening the lens capsule, causes the lens to
become flatter for distant vision, or more convex for near vision as re-
quired. Light thus falls on the retina producing an inverted retinal image
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of the same nature as that which results from exposure of a film or plate.
The picture is carried back to occipital lobes of the brain and therein
analyzed. For near vision, not only does the lens expand but the eyes
are made to converge upon the object viewed by means of the internal
rectus muscles of each eyeball acting together.

The fronts of the eyes are kept clean and moist by means of tears which
are secreted by the lachrymal glands situated in the upper and outer
parts of each orbit. Excess of tears is carried away by the lachrymal
ducts in the inner and lower part of each orbit which drain into the nasal
cavities. Eyelashes and rapid flickering movements of the eyelids give
some protection from foreign bodies.

The third (oculomotor), fourth (trochlear) and sixth (abducent) cranial
nerves arise from nuclei in the mid-brain and innervate the muscles
which move the eyeball.

The fifth cranial nerve (trigeminal) is a mixed nerve and arises by
three roots from the medulla. It provides sensation for the face, tongue,
jaws and teeth, and also motor nerves for all the muscles of mastication.
This nerve is of special interest because of the ganglion situated on its
sensory root, the Gasserian ganglion. It is liable to a very painful and
distressing inflammation.

The facial nerve originates in the medulla and emerging from the
stylomastoid foramen, pierces the parotid gland to fan out on the face
and supply all the muscles of facial expression. It also carries sensations
derived from special taste buds in the anterior two-thirds of the tongue
which eventually reach the hippocampus by a complicated route. The
seventh nerve is liable to injury during mastoid operations, and during
confincments necessitating a difficult forceps dclivery.

The eighth or auditory nerve consists of two distinct parts. One is
derived from the actual organ of hearing, the cochlea, and the other
from the balancing or vestibular apparatus of the ear. The first section
enters the skull through the internal auditory meatus to end in the tem-
poral lobe. The second part is directed to the cerebellum to which it
gives information as to the position of the head and body in space.

THE STRUCTURE OF THE EAR

The ear is a compact organ embedded deeply in the temporal bone. Its
function is of two kinds, one to transmit auditory impulses, and the
other to convey to the brain detailed information as to the position of
the body in space. The external ear shows a sound collector or pinna. It
leads to a passage, the external auditory meatus, closed at its inner end
by the tympanic membrane or eardrum. This passage is kept lubricated
and moist by a waxy secretion. Beyond the eardrum lies the cavity of the
middle ear which is separated from the inner ear by yet another mem-
brane. The two membranes are connected by a chain of bones called
ossicles. Within the inner ear are arranged the cochlea which is the actual
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hearing apparatus, and three fluid-containing semi-circular canals
which are so disposed as to respond to movements of the head according
to the direction taken. Below the canals lies the labyrinth which contains
other types of balancing organs. Finally, to maintain an equality of
atmospheric pressure on either side of the tympanic membrane, a pass-
age, the Eustachian or pharyngotympanic tube, runs from the middle
ear to the post-nasal space. This arrangement prevents bursting of the
eardrum under the influence of sudden changes of atmospheric pressure
such as would be met with in descending rapidly from heights.
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Sounds are collected by thepinna, and passedon to the eardrum which
then vibrates and sets the ossicles in motion. This motion is communi-
cated to the inner membrane which disturbs the fluid in the cochlea and
labyrinth. Thus, the nerve filaments in the cochlea are stimulated, the
impulses passing along the auditory division of the eighth nerve finally
to reach the lower colliculi and the temporal lobe of the brain. The lower
colliculi are in this respect concerned with reflex movements of the body
in response to sounds. (Diagram 14.)

The vestibular division passes in to end eventually in the cerebellum.

The ninth or glossopharyngeal nerve is made up of nerve endings
from taste-buds of the posterior third of the tongue and from the
pharynx. It also carries motor nerves to the laryngeal and pharyngeal
muscles. It terminates in a medullary nucleus, a further relay carrying
the sensations to the brain. The tastes are classified as sweet, salt, sour
and bitter.

The tenth or vagus nerve has a very extensive distribution. Apart
from minor sensory functions in respect of the skin of the ear and back
of the scalp, it supplies motor nerves to the pharynx, larynx, oesophagus,
stomach and intestines as far as the ileocaecal valve. It also supplies
nerves to the lungs and bronchi causing contraction or spasm of the
bronchial musculature. This latter effect is important in the causation of
asthma. The vagus also supplies the heart muscle and causes slowing of
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the heart with consequent fall of blood pressure. In point of fact the
vagus is a very important nerve and will be discussed at greater length
during a consideration of the vegetative nervous system.

The eleventh or accessory nerve is purely motor and supplies the
sternomastoid and trapezius muscles.

The twelfth or hypoglossal nerve is again purely motor to the tongue
muscles.

The seventh, eighth, ninth, tenth, eleventh and twelfth cranial nerves
all arise from medullary nuclei. Note that all these nuclei receive com-
munications from the pyramidal tract on its way down from the cerebral
cortex.

THE VEGETATIVE NERVOUS SYSTEM

Many of the bodily functions are quite beyond voluntary control. For
example, the introduction of acid into the mouth evokes an immediate
secretion of saliva. Flashing a light into the eye causes an instantaneous
contraction of the pupil. These are examples of involuntary reflex
activity. The heart-beat, alterations in blood pressure, digestion and
bowel movements proceed unaltered by conscious effort.

Such alimentary and glandular functions are controlled by the vegeta-
tive or autonomic nervous system. Its functions can only be disturbed by
disease, emotion or certain drugs. Briefly, it consists of two separate sets
of nervous mechanisms with approximately equal and opposite func-
tions. These are known as the sympathetic and parasympathetic systems.
Together they are widely distributed over the body, especially in the
head, neck, thorax and abdomen. Through these systems the viscera,
heart, blood vessels, glands and smooth muscle elsewhere, receive their
nerve supply. There is a close relationship between the vegetative and
cerebrospinal nervous systems.

The sympathetic system. The cells of origin lie in the lateral horns of
the thoracic and upper lumbar portions of the spinal cord. They supply
slender nerves called white rami communicantes to thesympathetic tracts
which are two nerve strands extending vertically through the neck,
thorax and abdomen, one on either side of the cerebral column. Each
strand is composed of a chain of sympathetic ganglia which receive
white rami from every spinal segment. The white rami relay in the gan-
glia whose nerve cells give off grey rami communicantes which either
proceed to involuntary muscles and glands or link up with each other to
form plexuses. The latter are associated with the larger arteries and from
them all the viscera receive their nerve supply.

Afferent or sensory visceral nerves travel to the spinal cord via the
peripheral spinal nerves. The sensations conveyed are vague. Touch,
pain and warmth are not felt.

The grey rami communicantes are unmyelinated and are distributed
to the smooth muscle of the arterioles, the eye, to the viscera, glands,
heart muscle and hair follicles. (Diagram 15).
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Distribution. Cervical. The cervical sympathetic ganglia supply nerve
some of which reach the cranium and face by coursing upwards aroun
the internal carotid artery. Others run down to the cardiac plexus.
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Amongst other functions they supply:
a. fibres which dilate the pupils;
b. nerves to the salivary glands which increase secretion.
Thoracolumbar. a. Through thoracic ganglia and the cardiac plexus
the sympathetic causes:
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1. Increase in rate and force of the heart-beat.

2. Rise of blood-pressure by contraction of the arterioles.

3. Increase in respiration rate.

4. Inhibition of unstriped muscle of the bronchi. Thus, stimulation of
the sympathetic directly or by means of adrenaline injections brings
about relief in asthma.

b. Through the coeliac (solar) plexus, the abdominal viscera and the
gastro-intestinal tract are supplied with nerves which when stimulated
cause digestion and intestinal movements to cease. At the same time the
sphincters are contracted, the liver is stimulated to break down the
stored glycogen into glucose, whilst the suprarenals are provoked to
increase the quantity of adrenaline in the blood stream.

c. The hypogastric plexus innervates the lowest portions of the intes-
tine, the rectum and the pelvic organs, including the bladder and the
genital organs. With regard to the bladder, sympathetic function causes
contraction of the external sphincter with consequent retention of urine.

In general, sympathetic stimulation prepares the organism for fight or
flight. The effects described belong to an emergency mechanism which
prepares for strenuous action whether it be for rapid retreat from danger
or for vigorous combat. This system comes into operation under the
influence of strong emotions such as fear or anger. In certain neurotic
disorders sustained fear keeps the sympathetic in a constant state of
stimulation, hence the symptoms complained of such as indigestion,
palpitation and constipation. At times paradoxical effects occur, i.e.
inhibition of the bladder and intestine with closure of the sphincters,
diarrhoea and frequency of micturition.

The parasympathetic system. The functions of the parasympathetic
are directly antagonistic to those of the sympathetic. Its nerve fibres are
derived from the third, seventh, ninth, tenth and eleventh cranial nerves
and from the second, third and fourth sacral nerves.

Cranial stream. 1. The third nerve contracts the pupil and carries out
the function of accommodation of the eyes.

2. The seventh nerve carries fibres which stimulate the salivary glands
to secrete. It also acts as a pathway for the passage of a special nerve
which carries sensations of taste from the taste-buds in the anterior two-
thirds of the tongue.

3. The ninth nerve carries taste fibres coming from the posterior third
of the tongue. Other fibres stimulate the parotid glands.

4. The vagus, although a cranial nerve, has a very extensive distribu-
tion. It supplies the involuntary muscle of the heart, respiratory passages,
oesophagus, stomach, small intestines, pancreas, liver and other glands.
Amongst other effects it causes the following results when stimulated :

Slowing of the heart-rate.

Lowering of the blood pressure by dilating the arterioles.

Stimulation of gastric and intestinal secretion, digestion and peri-
staltic movements as far down as the ileo-caecal junction.
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Contraction of the bronchial unstriped muscle and, in extreme
cases, producing asthma.

Sacral outflow. The sacral parasympathetic through the pelvic nerve
stimulates the bladder muscle and inhibits the sphincter during the act
of micturition. The nervi erigentes stimulate the genital organs prepara-
tory to sexual intercourse.

Thus, the parasympathetic differs from the sympathetic in several
respects. Its nerves arise from a very limited area, namely from the brain
and from the sacral cord; the nerves instead of relaying in a chain of
ganglia, continue as white rami relaying only in the actual organ which
they innervate. Normally, there is always a delicate balance maintained
between the opposing forces represented by the sympathetic and para-
sympathetic. This state of equilibrium can only be disturbed by disease
or strong emotions.

The action of drugs on the vegetative nervous system.

a. On the sympathetic: Drugs such as adrenaline, ephedrine, cocaine
and caffeine are stimulatory. In particular, ephedrine and adrenaline are
used to raise blood pressure, relieve asthma, hay-fever, urticaria and
other allergic conditions characterized by spasm of involuntary muscle
or engorgement of mucous membranes.

On the other hand, ergotoxine and nicotine first depress and then
paralyze the nerve endings of the sympathetic.

b. On the parasympathetic : Pilocarpine, choline and eserine stimulate
the parasympathetic causing sweating, contraction of the pupils and
increased intestinal peristalsis. Atropine and hyoscine paralyze the nerve
endings. This effect is made use of in asthma which may be relieved by
atropine given by injection, by the mouth or by inhalation in the form of
asthma cigarettes. It will be noted that in this instance atropine and
adrenaline produce similar results, for paralysis of the parasympathetic
is equivalent to stimulation of the sympathetic.

BLOOD SUPPLY OF THE BRAIN

The brain derives its blood supply from the internal carotid and ver-
tebral arteries. (Diagram 16.)

The vertebral arteries enter the skull through the foramen magnum.
At the lower border of the pons they join to form the basilar artery
which runs forward and then divides into the two posterior cerebral
vessels.

The internal carotids pass into the cranial cavity through two fora-
mina in the base of the skull. Each artery runs forward in the walls of a
venous sinus and then divides into its terminal branches, the anterior
and middle cerebral arterics. The anterior cerebrals are joined to each
other by a short anterior communicating artery. An additional branch,
the posterior communicating, springs from the internal carotid and
passes backwards to join the posterior cerebral artery.
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Thus, an anastomosis is formed at the base of the brain which is
roughly circular and which is called the circle of Willis. It surrounds the
stalk of the pituitary body and the optic chiasma. From this circle,
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vessels proceed to all parts of the brain including the choroid plexuses
which manufacture cerebrospinal fluid. The cortical branches, i.e. those
on the surface of the brain, anastomoze with each other to some extent,
but the central vessels, i.e. those which penctrate deeply into the brain,
are end arteries. Blocking of these deep vessels always leads to serious
degeneration of the parts of the brain which they feed because of this
absence of alternative routes of blood supply. Furthermore, because of
this anatomical peculiarity the scope of drugs given by intravenous in-
jection is very limited.

The artery which serves the internal capsule with its closely packed
pyramidal fibres, is of special importance. Should this vessel be affected
by clotting or embolism, widesprcad paralysis of the opposite side of the
body may result.

Venous return. In the case of the brain venous return takes place
through large sinuses constructed in folds of dura mater. They all even-
tually drain into the internal jugular veins. The most important sinuses
are:

The superior longitudinal which runs from before backward through-
out the length of the superior longitudinal fissure.

The lateral sinuses running through the mastoid bones. They are
of surgical importance because of their liability to thrombosis during the
course of spreading infection of the middle ear, or to injury during the
operation of mastoidectomy.
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The cavernous sinuses in the region of the sella turcica which carry
in their walls the internal carotid artery and important nerves to the eyes
and surrounding districts.

The spinal cord. The spinal cord is fed by arterial branches derived
from the intercostal arteries and from the anterior and posterior spinal
arteries which run the length of the cord.

The venous return takes place through a complex network of veins
which closely surround the cord.

MECHANISM OF REFLEX ACTION

It is now possible to sum up the mechanism of reflex action which is
worth repeating because of its importance.

To arouse reflexes the following anatomical equipment is required :

1. The appropriate stimulus to the particular sense organ. The impulse
travels from the sense organ along a sensory or afferent nerve, through
its cell body usually situated in a posterior root ganglia, to the central
nervous system, i.e. spinal cord or brain. There the impulse relays in the
posterior horn or its equivalent.

2. A connector neuron transmits the impulse from the posterior horn
to the next junction or synapse, an anterior horn cell.

3. The anterior horn cell then passes an impulse through its axon in a
motor or efferent nerve to the effector organ be it viscus, muscle or gland.

Behaviour therefore has its physical basis in a complicated system of
reflexes which are all directly or indirectly controlled by the brain.

Some important reflexes

1. The pupil.

A beam of light thrown into the eye causes the pupil to contract in
order to diminish glare and to lessen the amount of light falling on the
retina.

Convergence of the eyes for near vision causes contraction of the
pupil.

2. The arm.

The biceps jerk is obtained by striking the biceps tendon in front
of the elbow with the arm partially extended. The reflex obtained is one
of flexion of the forearm.

The triceps muscle extends the arm when its tendon is tapped behind
the elbow.

3. The supinator longus tendon is tapped on the radial side of the
wrist to produce extension of the wrist.

4. The abdomen.

Stroking the skin of the abdomen causes contraction of the abdominal
muscles. The test is usually carried out in each of the four quadrants and
contraction is evidenced by movement of the umbilicus in the direction
of the muscle pull.
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5. The leg.

The knee jerk is obtained by striking the patellar tendon to produce
extension of the leg.

A blow on the tendo achilles causes plantar flexion of the foot, i.e. the
ankle jerk.

The plantar response. Normally, stroking the outer edge of the sole
of the foot causes the great toe to turn downwards. The rest of the toes
tend to curl inwards towards the sole. This response is known as the
flexor plantar reflex.

Some commoner reflex abnormalities. In many nervous disorders the
reflex responses alter in certain ways which can be detected and which
are of great value in establishing the correct diagnosis.

Pyramidal disease. The pyramidal tract may be affected in any part
of its course. A lesion of the precentral gyrus if small, may not cause
very extensive paralysis. Below the cortex, the axons of the Betz cells are
closely packed so that even a small injury, haemorrhage or other disease
process may cause a widespread and extensive paralysis of the opposite
side of the body. Further down, the tract may be damaged in the mid-
brain, pons, medulla or cord. Thus, in the cortex paresis of a single limb
or a group of muscles may occur. In the internal capsule the paresis is
extensive and other tracts may be caught up in the damage to give rise
to loss of fecling as well as paresis. In the mid-brain paralysis and anaes-
thesia may also be associated with paralysis of eye muscles because of
the presence there of the third, fourth and sixth cranial nerve nuclei. In
the pons and medulla other cranial nerves may be involved in addition
to the pyramidal tracts whereas in the cord the cranial nerves and arms
may escape. If the lesion is in the cervical cord an arm may become
involved.

The signs of pyramidal tract disturbance are those of loss of control
of the lower reflex apparatus (lower motor neuron), so that complete
paralysis never occurs. Coarse movements remain possible so that
paresis (partial paralysis) is the correct description. All tendon reflexes
on the opposite side of the body are grossly exaggerated whilst all skin
reflexes on that side are lost. Therefore the arm jerks are increased, the
abdominal reflexes lost, the knee and ankle jerks are exaggerated and the
plantar response becomes extensor (Babinski’s sign). This sign is evoked
by stroking the sole of the foot. The great toe turns up and the other
toes fan out in a slow and deliberate way. Clonus denotes rapid alternate
contraction and relaxation. At the knee it is produced by pushing the
patella down firmly. The pull on the extensors of the thigh causes a rapid
vertical oscillation of the patella. Similarly, pressing the foot up sharply
will cause it to move up and down quickly. Clonus continues as long as
the pressure is maintained.

Cerebellar disease. Affections of the cerebellum or any of its connec-
tions causes lack of proper control and co-ordination of reflexes. It be-
comes impossible to measure distances accurately as for example in
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reaching for an object. Instead of brisk accurate movements the reflexes
when elicited resemble the movements of a clock pendulum.

Absent reflexes. Tendon jerks disappear when the lower motor neuron
is diseased. Reference to the diagram of the reflex arc makes it clear that
the reflexes may be abolished in two distinct sets of circumstances:

Any disease of the posterior root, as for example in syphilitic discase
of the nervous system, will interrupt the reflex circuit. The disease
generally affects the lumbar district so that the knee and ankle jerks
cannot be obtained.

Disease of the anterior horn cells as in infantile paralysis, or in-
flammation of the motor nerves as in neuritis or polyneuritis, will dis-
turb the reflex arc on the motor side, thus causing the tendon reflexes to
disappear.

The pupil reflex. The commonest cause of disturbance of the pupillary
light reflex is cerebrospinal syphilis. The pupil no longer contracts when
exposed to bright light but the contraction on convergence of the eyes
(accommodation) remains intact.

Functional nervous disorder (neurosis). The reflexes may be exaggerated
in states of emotional excitement where there is much and prolonged
nervous tension. There are, however, no other abnormalities so that
when the excitement subsides the tendon jerks likewise diminish.

NEUROLOGICAL LEVELS

It can now be seen that the chief difference between man and the lower
animals is the vast growth of the cerebrum during the course of evolu-
tion. It is with the aid of the fore-brain that every variety of human
activity is carried out. Upon its well-being depend the three great
attributes of gonduct, namely accurate thinking, feeling and action.

At the cerebral level then, the highest types of behaviour are devised,
set into motion and controlled. Wisdom, virtue, foresight, memory, idea-
tion, acquisition of knowledge, interpretation of experience—these are
only a few of the functions belonging therein. On the motor side, the
cerebrum controls all muscular action from the coarsest movements to
the most delicate manipulations. This control is exercised by the pre-
central convolution with its large Betz cells, the long axons of which
sweep down through the brain and spinal cord giving off branches to all
the cranial nerve nuclei and anterior horn cells.

Speech is a special function governed by a centre in the lower part of
the pre-rolandic area and the posterior end of the lowermost frontal
convolution. This centre is present on the left side of the brain in right-
handed people and vice versa.

On the sensory side, the post-central gyrus receives all sensations via
the thalamus from the spinal sensory tracts such as the spinothalamic
and the tracts of Goll and Burdach. By this meansitis possible to appre-
ciate textures, surfaces and light touch, to detect varying degrees of pain
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and temperature, to separate pin-points, and in fact all that is implied
in the terms ‘tactile discrimination’ and ‘stereognosis’. In addition, large
cerebral areas linked together by association cells and fibres receive,
identify and interpret sensations of smell, taste, hearing and sight.

These large newer motor and sensory areas have come, in time, to
dominate and largely replace the primitive centres represented by the
corpus striatum and thalamus. The corpus striatum is now chiefly con-
cerned with the supervision of associated movements such as swinging
the arms when walking. The thalamus can detect crude sensations but
passes them all to the post-central gyrus for accurate analysis.

The cerebellum receives information from the spinocerebellar tracts,
and because of its connections with the rubrospinal tract, it can exercise
control over posture, balance and muscle tone.

The mid-brain level serves to associate sights and sounds with body
movements. It contains nuclei and nerve origins for eye muscles and eye
reflexes. Through the agency of its red nucleus and rubrospinal tract it
links the cerebellum with the spinal cord and reinforces the control over
muscle tone and associated movements.

The pons contains a number of nuclei of origin of important cranial
nerves and it also unites one cerebellar hemisphere with the other.

At the medullary level many vital functions are centred. These include
respiration, digestion, coughing, vomiting and blood pressure control.
The remainder of the cranial nerves arise from this region.

Finally, the spinal cord acts as a centre for simpler reflex actions and
automatic movements. It is also a large conducting path for the trans-
mission of impulses to and from the brain,

CONDITIONED REFLEXES

Pavlov, a Russian scientist, drew attention to what he called con-
ditioned reflexes on the basis of the following experiment. Food was
presented to a dog and a bell rung at the same time. The food naturally
aroused the secretion of saliva reflexly. The process was repeated on
mpny occasions until at length the bell alone caused salivation to occur.
By the end of the experiment the bell sound had become firmly associated
with the presentation of food. This principle is capable of general appli-
cation. It is probable that the more intelligent the animal the easier it is
to set up conditioned reflexes or responses. An infant presented with a
toy and frightened at the same time may forever be afraid of that par-
ticular toy or in fact of any toy resembling it. A child having nearly
drowned will entertain fears of water for many years if not for a lifetime.
It is common to find too that certain older children having accomplished
a ‘belly-flop’ during a first attempt to dive will avoid diving afterwards.
Similarly, a motorist having experienced a crash or two may come to
fear traffic, traffic noises, or being driven by someone else.

Conditioned responses may thus be the basis of habit formation both
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in animals and in man. It is quite possible that childish experiences of a
terrifying kind may manifest themselves in later years as neurotic symp-
toms and therefore this subject will be referred to again in the psychia-
tric section. It may be that many forms of timidity and neurotic fear
are based on the possibility that they are ‘conditioned” morbid responses
to any form of threat to the security.

Behaviour Therapy

The principle underlying conditioned reflexes has been employed in
recent times in the treatment of severe neuroses mainly of the anxiety
type wherein phobic trends are prominent and disabling. Amongst the
fears encountered are those of open spaces, closed spaces, of travelling
in lifts, tube trains, buses and other vehicles. Indeed, occasionally
apprehensiveness is so severe as to prevent the sufferer from leaving the
felt security of his or her own home to carry out such comparatively
simple tasks as shopping or visiting a friend or relative.

It is claimed that orthodox psychotherapeutic methods, in particular,
psychoanalysis, with or without the aid of sedative or tranquillizing
drugs, have failed in the large majority of such patients. Manifestly, a
more vigorous approach is required. The chief exponents of behaviour
therapy in this new form of treatment are Professors Wolpe and
Eysenck and their followers. They maintain that the principle of con-
ditioned reflexes or responses, hitherto a physiological curiosity, can be
applied practically to retrain patients to face and finally come to dis-
regard the circumstances arousing phobic anxiety. To this end, patients
are exposed on a gradually increasing time basis to fear-arousing con-
ditions until they can encounter and at length overcome their appre-
hensions.

The same principle underlies ‘aversion therapy’ in the treatment of
alcoholism, and sexual perversion such as transvestism and fetishism,
An emetic is given at the same time that the object, usually an article of
female underclothing, is exposed to the patient. This procedure is
repeated as often as is necessary, having due regard to the physical state
of the patient, until he comes to feel revulsion, disgust and nausea at the
sight of the object.

Good results are claimed for behaviour and aversion therapy involv-
ing, as they do at times, what is called reciprocal inhibition. At any rate,
this treatment promises the possibilities of improvement in hitherto
intractable phobic anxiety states.
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CHAPTER 11

DISEASES OF THE NERVOUS SYSTEM

Neurological disorders may be classified under the following head-
ings:

1. Traumatic—resulting from injury.

2. Inflammatory—due to infection.

3. Neoplastic—due to new growths both innocent and malignant.

4. Hereditary and degenerative.

5. Vascular.

1. TRAUMATIC
A. HEAD INJURY

a. Concussion may occur after a blow on the head of varying severity.
A slight injury may be followed by a dazed condition during which the
patient acts automatically subsequently remembering nothing of these
events. A more severe blow may cause unconsciousness varying from a
few seconds to several hours or even more. The memory loss may not
only involve the whole episode (anterograde amnesia), but may also
extend back to incidents which occurred before the injury (retrograde
amnesia). After recovery of consciousness, restlessness, irritability and
headache are almost invariable symptoms.

Occasionally, a trivial head injury will provoke a neurosis in certain
individuals of neurotic make-up particularly if compensation is involved.

Treatment of simple concussion consists of rest in bed in a darkened
room for at least a week. Mild sedatives such as aspirin may bring about
complete recovery in most cases. Cold compresses to the head and
occasional saline purges are also of value.

b. Cerebral contusion or actual bruising of the brain is a very serious
condition which, although rarely, may prove fatal. Unconsciousness is
prolonged and at its termination the patient remains drowsy, confused
and delirious for long periods. Irritability, resentment of attention and
headache are well marked giving place at times to noisy excitement and
violence. Because of the exudation of blood other signs of cerebral dam-
age may be observed. For instance, should the pyramidal system be
injured, hemiplegia results. At the base of the brain, the cranial nerves
are likely to become involved so that squints, facial and other paralyses
sometimes occur. Convulsive seizures occasionally complicate the pic-
ture. If generalized they indicate increased pressure within the skull ; or
if localized they denote injury to the pyramidal cortex.

Recovery and convalescence are prolonged whilst both anterograde
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and retrograde amnesia are quite common. Subsequently, a post-con-
cussional state may develop having as its chief symptoms headache,
giddiness and impairment of memory and concentration. Testing by
special methods may reveal a general lowering of mental efficicncy.

c. Cerebral compression occurs when the injury causes haemorrhage
to occur in the spaces surrounding the brain internal or external to the
dura mater (subdural or extradural haemorrhage). These conditions
may be brought about by tearing of the meninges or fracture of the
skull. With regard to fractured skull, brcaks in the vault are less serious
than those of the base, and both types are more of medico-legal than of
clinical importance. Haemorrhage outside the dura is more often than
not caused by tearing of the middle meningeal artery, giving rise to an
easily recognized set of symptoms. There is a history of a blow on the
head with loss of consciousness. Recovery is followed by a further lapse
into unconsciousness which may proceed to coma and death. The pupil
on the injured side becomes dilated whilst there is progressive weakness
of the opposite side of the body.

Where the skull has been fractured unconsciousness is profound,
respirations at first are slow and deep but later become rapid. The pulse
is slow, full and bounding. Fracture of the base may cause bleeding
from the ears, nose and mouth, and may result in oozing of cerebro-
spinal fluid from the ears, and from the skull down the nasal passages.
Owing to the proximity of the cranial nerves to the site of fracture they
may be torn with resulting cranial nerve palsies. Inflammation of the
meninges may occur as a fatal complication.

Whatever the cause of the intracranial bleeding the pressure inside the
skull rises and the patient passes into coma. Later, the coma may pass
off for a while. A so-called ‘lucid’ interval follows which is again suc-
ceeded by deepening coma. This is of grave significance. Focal convul-
sions may occur indicating irritation of the motor cortex. Paralysis of
the side of the body opposite to the injury is nearly always present.
During the later stages of compression the respiration rate takes on a
Cheyne-Stokes character whilst the pulse becomes rapid, weak and
thready. Cerebrospinal fluid withdrawn carefully and in small quantity
after the initial shock has passed off will be found to contain blood.
An X-ray of the skull may reveal a fracture.

Treatment of severe head injuries. Absolute rest in bed should be en-
forced for a minimum of three weeks. Treatment commences locally if
the scalp has been lacerated and the treatment of shock takes precedence
over every other immediate measure and follows the usual lines. Cardiac
and respiratory stimulants may be required. Caffeine, adrenaline and
lobeline are those customarily employed. Sedatives may be required in
the early stages to control restlessness and noisy confusion. Sedative
drugs such as paraldehyde (3 i-ii) are of value. Medinal, luminal or
sodium amytal may be used. Morphine must not be given during the
shock period because of its depressant effect upon the respiratory centre
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but may be employed afterwards with benefit. Blood or cerebrospinal
fluid should be gently removed with swabs of sterile gauze. Particular
attention should be paid to the hygiene of the mouth. It is best to empty
the bowels by means of simple enemata. The bladder may require
catheterization. As regards feeding, small quantities of liquid nourish-
ment should be given frequently. Rectal administration of 8 oz. of 25 per
cent Epsom salt solution helps considerably to reduce intracranial ten-
sion. Glucose given intravenously in quantities of 100 c.c. of a 50 per
cent solution at the rate of 3 c.c. per minute is also of value.

Limbs must be examined for signs of paralysis. If convulsions occur
they should be recorded under the following headings:

1. In which part of the body they began.

2. Which parts of the body were involved.

3. Direction of spread of the fit.

4. The time taken by the whole episode.

5. After effects if any.

Following the appearance of convulsions nurses should thereafter
have at hand a rubber-covered metal spatula for insertion between the
teeth the moment it becomes evident that another fit is about to occur.
This measure prevents the tongue from being bitten.

If surgical interference becomes necessary it will not be considered
until the phase of shock has vanished. Operation will be performed to
elevate a depressed fracture of the skull or to evacuate blood clot and so
relieve increased intracranial pressure.

After the acute phase has subsided convalescence must be slow with
a gradual return to work. If there are any post-concussional symptoms
a mixture containing potassium bromide (gr. x) and Epsom salts (gr.
xxx) may help to diminish their intensity.

Mention must be made of penicillin which has altered the outlook in
penetrating wounds of the brain and meninges. Penicillin in the form
of penicillin methazine powder is a most valuable dressing which can
be applied directly to scalp wounds or to the brain substance. By this
means, together with adequate surgical methods, the death rate in such
grave disasters has been greatly lessened.

After-effects of head injury. Whilst rapid recovery from the immediate
effects of head injury is common yet disabling symptoms persist in a
good many cases. The chief post-concussional symptoms are :

The post-concussional syndrome which comprises :

1. Headache which is severe and persistent. It is increased by sneezing,
bending, physical work and emotion.

2. Giddiness which is largely a feeling of instability and not a sense of
rotation,

3. Mental symptoms of which anxiety, depression, impairment of
memory and concentration, lack of energy and insomnia, are the most
prominent. The mental picture presented depends a great deal upon the
underlying temperament.
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This type of disability needs to be distinguished from neuroses pre-
senting similar features.

Sometimes the mental symptoms are even more severe and are there-
fore detailed in a special chapter (q.v.).

Cranial nerve paralyses are usually the result of fracture of the base
of the skull and are usually permanent.

Chronic subdural haemorrhage. In this condition blood slowly ac-
cumulates in the subdural space following a head injury. There may be
an interval, sometimes very prolonged, during which there are no par-
ticular symptoms. Then there is a gradual onset of headache, drowsiness
and confusion which vary in intensity. Still later there may be signs
resembling those produced by tumours of the brain including hemi-
plegia, swelling of the optic discs and other signs. The outlook is excel-
lent if the condition is diagnosed early enough and the blood evacuated
from the cranium by surgical operation.

Traumatic epilepsy. Epileptiform fits develop as an after-effect in
about 5 per cent of cases of head injury. In some there is an inherited
predisposition to epilepsy. In others fits result from adhesions between
the brain and the dura mater. They may be localized, depending upon
which part of the brain is affected, or they may be general, as in ‘idio-
pathic’ epilepsy. If scar tissue is the cause operation may give relief.
Otherwise the treatment is as in epilepsy.

Other sequelae of head injury are meningitis, abscess of the brain and
Parkinsonism. These are described under their respective headings.

B. INJURIES TO THE SPINE

Injuries to the spine may be caused by all kinds of accidents, blows
and gunshot wounds. Shock is prefound and the outlook in all cases is
serious. Haemorrhage may occur into the central canal of the cord. The
nervous tissue may be bruised, lacerated, crushed or compressed by
bony fragments or by kinking of the vertebral column.

The usual signs in addition to those of shock are as follows:

1. Paralysis of the parts of the body below the level of the injury, i.e.
paraplegia. Owing to the damage, temporary or permanent, to the spinal
cord all impulses ascending and descending are cut off. If the break in the
cord is complete, the ensuing paralysis is of a flaccid type, i.e. the muscles
lose their tone and all reflexes are absent. If the break is incomplete and
the vestibulospinal tracts are uninjured, the paralysis is at first flaccid,
later becoming spastic after the shock has passed off. Muscles not only
recover their tone but become excessively rigid. With the cutting off of
the pyramidal tracts, the reflexes become exaggerated and the plantar
response, extensor.

2. Loss of sensation below the level of the damage because of sever-
ance of the sensory tracts.

3. Double incontinence, i.e. loss of control of bladder and rectum.
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4. Wasting of the muscles supplied by the anterior horn cells at the
site of injury.

5. Theloss of sensation interferes with the nutrition of the skin directly
because abrasions are not felt. Bed-sores develop with great rapidity if
treatment is not applied early.

Treatment of spinal injuries.

Treatment is directed towards:

1. Prevention of bed-sores.

2. Correction of dislocated vertebrae.

3. Surgical treatment to remove bony fragments if a comminuted
fracture has occurred.

4. Restoration of muscular power by means of massage, exercises and
electricity, i.e. physiotherapy.

A fractured spine necessitates the use of a special bed, the principle of
which is to use the patient’s weight in obtaining hyperextension of the
spine. For this purpose a blanket roll is placed under the site of the
fracture. Hyperextension must be maintained whenever the patient has
to be moved for any purpose. In other cases, nursing is carried out on an
air- or water-bed to minimize the risk of bed-sores.

The patient’s strength must be maintained by means of adequate
nourishment. Fluids should be administered generously. Simple enemata
or saline washouts may be used for opening the bowels which should,
however, be encouraged to act daily at a regular hour with the assistance
of liquid paraffin if necessary. In the acute stages enemata of hypertonic
saline or saline and glucose solution are given to reduce oedema of the
spinal cord.

Various methods of inducing emptying of the bladder may be em-
ployed. A hot enema is sometimes useful. A bedpan filled with warm
water may succeed. The sound of running water is of psychological value
in encouraging micturition. Warmth applied to the genitalia may occa-
sionally assist the patient to accomplish the act. If all these methods fail
resort must be had to catheterization which must be carried out with the
strictest aseptic precautions. If it is likely that catheterization will be
required for some days, the method of tidal drainage is to be preferred
in order to minimize the risk of infection.

The skin and bony prominences require careful and repeated atten-
tion, for unless this is carried out with scrupulous care the necessarily
prolonged stay in bed is liable to produce intractable bed-sores and
chronic sepsis. Frequent alterations of position are essential too to avoid
congestion of the lungs.

Double incontinence necessitates frequent washing, drying, powder-
ing and changes of bed linen.

Every effort should be made to encourage, interest, occupy and amuse
such sufferers who, if they do not succumb to the effects of the injury, or
from spreading infection of the bladder, are likely to be bed-ridden for
very long periods.
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2. INFLAMMATORY DISEASES
A. MENINGITIS

Meningitis is an inflammation of the coverings of the brain brought
about by a variety of causes. The typical form of it is due to a germ
called the meningococcus and the diseasc is known as ccrebrospinal or
spotted fever. It is an acute and very infectious illness occurring for the
most part in epidemics. It is therefore common where masses of people
foregather as in camps, schools and barracks. The germ is present in the
nasopharynx of carriers and is distributed to others by droplet dispersal
of saliva.

Other acute forms of meningitis are secondary to infections clscwhere
in the body. Pneumonia, typhoid, influenza, streptococcal discases,
spreading mastoiditis, fractured skull, scalp infcctions and burst cere-
bral abscesses are all liable to involve the meninges.

The tubercle bacillus may give rise to a subacute form of meningitis
which takes a more prolonged course than other forms of meningeal
inflammation.

The organism of syphilis can produce a chronic meningitis which, if
untreated lasts for considerable periods. If treatment is commenced
quickly good results may be expected.

Cerebrospinal fever (acute meningococcal meningitis). The onset is
sudden with malaise, restlessness, severe headache, nausca and vomiting.
Temperature, pulse and respiration rates are all raised. The patient lics
curled up in bed, is resentful of interference and dislikes the light in-
tensely (photophobia). Rigidity of the neck is marked and pain is caused
when the thigh is flexed to a right angle and attempts are made to
straighten the leg (Kernig’s sign). Paralyses of cranial nerves may be
present, e.g. facial palsy, squint, and double vision. Convulsions some-
times occur particularly in infancy. The blood white cell count is raised
above 20,000 cells per c.mm. Cerebrospinal fluid withdrawn by lumbar
puncture is always under pressure, contains many leucocytes, and the
organisms causing the disease are invariably present often within the
bodies of the white corpuscles. Occasionally, minute haemorrhages
occur in the skin hence the older name of the disease, namely spotted
fever.

Treatment. A quiet, darkened room should be selected and visitors
should be excluded during the acute stages. Ice bags to the head help to
relieve headache. Feeding obeys the general principle of light easily
digested fluids ‘little and often’.

Temperature, pulse and respiration rates are charted four-hourly. A
lumbar puncture tray should be made available together with the requi-
site number of sterile towels, gauze and test tubes in which to receive the
fluid. Some physicians use anti-meningococcal serum which is given
intrathecally. In such event the nurse must have several 30-40 c.c.
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sterile syringes in readiness. The serum should be warmed to body tem-
perature before being injected through the lumbar puncture needle into
the spinal canal.

Any discharges from the nose and mouth should be gathered in paper
handkerchiefs and destroyed by burning. After attending to the patients’
needs and before leaving the room the nurse should wash her hands in a
weak antiseptic solution.

The modern treatment of meningitis has been revolutionized by the
introduction of sulphanilamide preparations. With the aid of these new
chemicals the death rate and liability to after-effects have been very
greatly reduced. Previously, in addition to a high mortality rate, such
sequelae as hydrocephalus, blindness, squints and mental changes oc-
curred with some frequency. Sulphanilamides act by removing the cap-
sule of the invading bacteria, thus allowing the anti-bodies formed in the
blood to attack and annihilate them. Dosage usually commences with
15 grains per 20 1b. of bodyweight given every four hours until definite
improvement has set in. The night dose is then omitted, after which the
drug can be gradually withdrawn.

Treatment continues for several days, a careful watch being main-
tained for toxic effects of the drug such as nausea, vomiting and rashes.
At times oral administration has to be replaced by intramuscular or
intravenous injection in cases which show gastric intolerance manifested
in nausea and vomiting.

The discovery of the truly miraculous antibacterial properties of
penicillin has added another very powerful weapon with which to attack
the invading organisms. Unfortunately, when given by intramuscular
injection it fails to penetrate into the cerebrospinal fluid in sufficient
amount to be of any value. It is therefore necessary in all cases to em-
ploy the sulphonamide drugs. But penicillin is a most valuable addition
when given by lumbar puncture, i.e. intrathecally in doses of 20,000
units every twelve hours. If the patient can be removed to a properly
equipped neurosurgical unit, penicillin can also be given locally, i.e.
through burr holes made in the skull.

Other forms of meningitis. Sulphapyridine is used to combat pneu-
mococcal meningitis whilst the staphylococcal type of infection is best
treated with sulphathiazole. Good results have been obtained in most
cases which contrast with the almost invariably fatal issue in these
diseases before the introduction of chemical therapy.

In all cases convalescence should be prolonged with a gradual return
to those activities which require concentration and mental effort.

Tuberculous meningitis commences as a feverish illness which lasts
about a week before the onset of typical meningitic symptoms. There
are one or two recognizable differences however. The first is the peculiar
crying sound made by sufferers. Again, the abdominal muscles tend to
retract giving a boat-shaped appearance to the abdomen. The anti-
biotic streptomycin has altered the prognosis in this disease considerably
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for the better. Once invariably fatal, the death rate has been reduced by
at least half. For adults the dose is 1-2 grammes once daily for at least
six months. In addition, 25-100 milligrams daily by the intrathecal
route is also currently used in practice.

If the bacillus becomes resistant during the course of treatment,
P.A.S. (para-aminosalicylic acid) may help to combat the organism.
Yet another substance, Isoniazid, is of use as it is non-toxic and can be
given by mouth. A combined attack on tubercular meningitis might
nowadays consist of streptomycin 1 gramme together with 200 milli-
grams of Isoniazid daily, or streptomycin with P.A.S. 20 grains daily.

It has to be borne in mind that streptomycin itself can be very toxic
bringing in its train rashes, headache, nausea and, most importantly and
commonly, deafness especially in children.

Syphilitic meningitis will be especially described under the heading of
neurosyphilis.

B. ENCEPHALITIS

Encephalitis signifies inflammation of the brain substance itself. The
cause is usually a minute organism which cannot be detected micro-
scopically and which passes through porcelain filters which hold back
most other bacteria. Most parts of the brain being involved the symp-
toms are very widespread. The organisms find their way into the spaces
surroundingthe blood vesselscausingengorgement andlocalleucocytosis.

Encephalitis may occur during the course of mumps, measles, whoop-
ing cough, chickenpox, vaccinia, and in a great many other acute
infections. Sometimes, and more especially 1 the acute specific fevers,
the spinal cord is also affected so that the clinical picture is onc of acute
encephalomyelitis.

Inflammation of the brain can also result from poisoning by lead,
mercury, arsenic, alcohol and carbon monoxide.

As a rule the symptoms of acute encephalitis are drowsiness, cranial
nerve paralyses and in particular, double vision and facial weakness.
There may be mental confusion or excitement. If the spinal cord is also
involved (myelitis), there may be paralysis of the lower limbs, double
incontinence of the sphincters and double Babinski’s sign.

Encephalomyelitis due to infectious fevers, whilst alarming, clears up
completely as a rule. Occasionally, especially in children, mental changes
of a more or less permanent nature may ensue.

Of the metallic poisons lead is the commonest. Proper industrial pre-
cautions have greatly lessened the incidence of lead poisoning amongst
painters and workers with lead. Recently there has been a recurrence of
lead encephalitis due to intoxication by lead ‘dope’ used in petrol. The
condition may be ushered in by epileptiform convulsions and may pro-
ceed to a serious mental disorder characterized by violence, hallucina-
tions, delusions and failure of memory. Eventually, the patient lapses
into weak-mindedness.

59



Diseases of the Nervous System

Carbon monoxide intoxication is commonly the result of attempted
suicide by coal-gas poisoning. It produces an encephalitis which may
affect the corpus striatum to produce Parkinsonism, g.v.

C. ENCEPHALITIS LETHARGICA

Encephalitis lethargica. This is indeed the gravest form of encephalitis
and is also thought to be a virus disease. It first came under observation
as a clinical entity in 1917 at the same time as influenza was scourging
the world. What brought it under sharp scrutiny was the fact that most
suffercrs lapsed into profound drowsiness after an initial phase of
fever and malaise resembling influenza. This tendency to drowsiness and
lethargy gave the name to the disease.

Onset. Encephalitis lethargica is ushered in with influenza-like symp-
toms but with only a moderate pyrexia. Respirations and pulse rate are
similarly slightly increased. Sometimes, however, the temperature may
rise steeply to hyperpyrexial levels. Convulsions may occur and paralysis
down one side of the body is not unknown. At other times the disease
may be installed with great excitement, confusion and delirium similar
to that seen in states of acute manic excitement. Occasionally the gravity
of the illness may be overlooked. A mild feverish attack with transitory
diplopia (double vision) may pass for a chill and perhaps settle down
altogether. Gradually and almost imperceptibly after-effects appear, i.e.
the Parkinsonian syndrome develops, possibly over a period of years.

Whatsoever the type of onset, excluding the chronic insidious form,
the characteristic lethargy soon appears. The patient becomes very som-
nolent but can be roused to take food and even to converse rationally.
However, as soon as feeding or questioning ceases, he falls back into
profound drowsiness. On examination, paralysis of eye muscles is dis-
covered. The eyelids may droop (ptosis), double vision (diplopia) is
common, and the pupils may be irregular in outline. As far as the
pupillary light reflex is concerned, the pupil may contract when illvmin-
ated but may not react on convergence of the eyes. The facial expression
is typically mask-like or Parkinsonian. All wrinkles and folds are ob-
literated and the face becomes expressionless. Saliva drools unchecked
from the angles of the mouth. Neck rigidity may be present, whilst the
tongue and hands sometimes show a peculiar tremor. Occasionally,
groups of muscles here and there contract suddenly as if impelled by
electric shocks. The term myoclonus is applied to these irregular twitch-
ings. Speech becomes dull and monotonous. There are no significant
changes in the reflexes and lumbar puncture reveals a cerebrospinal
fluid virtually unchanged. The sleep rhythm is often inverted, drowsiness
by day giving place to insomnia.

Pathology. The virus obtains lodgement in the brain substance itself,
and microscopic examination shows a characteristic ‘cuffing’ of the blood
vessels, i.e. an accumulation of white corpuscles around the vessels in
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the shape of a muff. On inspection the brain tissuc shows clearly all the
signs of inflammation and vascular engorgement.

Treatment. So far no specific treatment has been discovered. It was
once considered that colloidal iodine was of value and that salicylates
brought about beneficial results. Recently, sulphonamides have been
tried, but no treatment seems to modify the course of the disease. The
fact remains that about one-third of all cases die during the acute phase,
another third or so survive but develop Parkinsonian after-cffects, and
a third or fewer seem to recover fully. Treatment then is symptomatic
and resolves itself into careful nursing.

At the outset strict confinement to bed is absolutely essential. Tepid
sponging is of value. The mouth should be cleaned frequently with
glycerine and borax solution or with some mild antiseptic fluid. Mild
acids such as lemon juice stimulate salivary secretion and thereby pre-
vent parotid infection.

Attention to the bowels is of primary importance and free action must
be promoted by the use of simple laxatives. An occasional enema may be
required. The diet should be liberal, farinaceous, easily digested and
given in small quantities frequently. If it is decided to give any drugs by
intravenous injection a tray with the requisite dressings and instruments
must be made available. Any untoward circumstances such as convul-
sions, irregular or myoclonic movements should be carefully noted.

Post-encephalitis lethargica. Post-encephalitic states are very common
indeed and are perhaps the most troublesome, difficult and dishearten-
ing after-effects with which the nurse has to cope. They may appear
within a few months of the onset of the acute disease or may evolve over
a period of years. Residual symptoms are both physical and mental. As
the diseasc attacks the brain, and in particular the corpus striatum, it is
evident that sequelae are likely to be of a severc and intractable
character.

Physical. The most noticeable feature is the mask-like and expression-
less face. Except for some flickering of the eyelids the face is immobile
and the gaze staring. Speech is dull, monotonous and is accompanicd by
much drooling of saliva. Pupil changes are common. The general mus-
culature is rigid and when the limbs are moved a cogwhecl-like sensation
is experienced by the observer. The body is held rigid, leans slightly for-
ward and there is a tendency to run forward or backwards, i.e. festina-
tion or retropulsion. One witness has described these movements in
terms of the patient chasing his own centre of gravity. At times there is
a tremor of the lower jaw and similar tremors of the hands, arms and
legs which cease upon voluntary movement but which recommence
when this stops. Some patients exhibit distressing oculogyric crises in
which the eyes turn upwards and outwards and are held in spasm. In-
voluntary movements and tics are very common. Head-nodding, spasm
of the neck muscles (torticollis) and attacks of over-breathing with
tetanic seizures have all been observed. Some patients become liable to
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attacks of pathological sleep (narcolepsy), or the inverted sleep rhythm
previously described may persist.

Mental disorders. Depression not uncommonly follows a realization
of the disabilities, and suicide is not infrequent. The necessity for careful
observation of such patients must therefore be stressed.

Encephalitis lethargica may result in subsequent organic dementia or
weak-mindedness which renders patients extremely childish, helpless
and dependent.

In children and young adults the disease is often followed by complete
alteration of the personality. A young person, previously docile and well
conducted, may become vicious, impulsive, emotionally unstable, vio-
lent, excitable and uncontrollable. Stealing, irregular sexual practices
and all kinds of anti-social conduct may be indulged in. Again, the sleep
rhythm may be reversed.

Treatment. Whilst most post-encephalitics can be supervized in their
homes, a fair number find their way into neurological and mental hos-
pitals. Extracts of Bulgarian belladonna, increasing doses of atropine,
sulphate or hyoscine hydrobromide sometimes relieve the more dis-
tressing symptoms such as salivation, tremor and oculogyric crises. In
hospital, massage, electricity and above all proper occupational interests
are of considerable value in making life tolerable for such sufferers. In
recent times numerous antispasmodic drugs have been manufactured
and good results have been claimed for them all. They comprise Par-
panil, Artane, Phenergan, Diparcol, Lysivane and Myanesin. Each has
been designed to reduce tremor, salivation and oculogyric crises. The
most useful are Lysivane and Artane, the former being given in doses
of 50-200 milligrams per day. Of the remainder, Parpanil and Myanesin
are worth mentioning as being helpful occasionally to reduce rigidity.
Nevertheless, the illness remains a discouraging one to treat.

Depression and suicidal tendencies sometimes require certification and
removal to a mental hospital. Benzedrine helps in the treatment of nar-
colepsy. Delinquent children require special hospitals and even then are
extremely difficult to supervize, being a constant source of anxiety both
to the doctors and to the nurses. All cases of post-encephalitis reveal
diminished resistance to intercurrent disease, and a chill or an attack of
pneumonia often ends fatally.

D. ACUTE POLIOMYELITIS (INFANTILE PARALYSIS)

Infantile paralysis is an acute infection which usually occurs in epi-
demic form. It is caused by a filter-passing virus which obtains access to
the nervous system via the nasopharynx. The disease manifests itself
during the summer months as a rule. Although called infantile paralysis,
it spares no age and affects all races with the exception of the negro.
The disease attacks the pyramidal cells of Betz in the motor cortex
(polio-encephalitis) or the anterior motor horn cells of the spinal cord
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(poliomyelitis). If the motor cortex is affected a resulting paralysis
ensues which is of the upper motor neuron or pyramidal type, i.e. hemi-
plegia with increased tendon reflexes, speech defects, absent skin reflexes
and Babinski’s sign on the hemiplegic side.

Damage to the anterior horn cells causes a flaccid paralysis of muscles
because of the loss of the corresponding motor nerve supply. The muscles
become slack and toneless, wasting commences at once and tendon
reflexes are lost, i.e. a typical lower motor neuron form of paralysis.

Any part of the nervous system may be affected so that cerebral
(encephalitic), meningeal, medullary (bulbar) and other special types of
this disorder have been described.

The onset is sudden with fever, malaise and headache. Kernig’s sign
may be present together with other symptoms of meningeal irritation.
After a day or so characteristic flaccid paralysis appears in odd groups
of muscles. Thus, cranial nerves may be involved causing squint, facial
paralysis, difficulty in swallowing and weakness in neck muscles. Lower
down, various sets of muscles belonging to the arms, chest, abdomen
and legs may become the seat of tenderness, paralysis and wasting. The
most serious symptom is diaphragmatic and intercostal muscle paralysis
necessitating the use of a Paul Bragg or Drinker machine to produce
artificial respiration.

Later, with the absorption of oedema a certain amount of muscular
recovery takes place. But owing to the complete destruction of anterior
horn cells some permanent paralysis inevitably remains.

During the acute stage of the illness the cerebrospinal fluid shows an
increased number of cells. Later, the fluid becomes perfectly normal.

Whilst recovery often takes place the death-rate in epidemics is about
10-15 per cent so that infantile paralysis is still a serious scourge.

Treatment. Absolute rest in bed is essential. Glucose solution intra-
venously coupled with lumbar puncture may be used to reduce cerebral
and spinal oedema. Paralysed limbs should be supported by splints and
relieved of the weight of bedclothes by means of a cradle. Artificial
respiration in a Drinker machine must be commenced at once if there is
any respiratory embarrassment. ‘Convalescent serum’ is sometimes given
by intravenous and intraspinal routes. It is obtained from the blood of
patients who have recovered from an attack of anterior poliomyelitis
and who are therefore presumably immune from further infection, i.e.
they have manufactured sufficient blood antibodies to ward off the
disease. However, the results are indifferent and further observation has
not justified an expressed earlier optimism.

When all acute symptoms have subsided massage and electrical treat-
ment must be applied, at first gently and then with increasing vigour.
Muscle training and exercises can then be added. Eventually, ortho-
paedic appliances and surgical procedures will be required to correct
deformities which result from the paralyses and defective nutrition of the
affected limbs. ‘Withered’ limbs and ‘club-foot’ are examples of residual
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deformitics following a sharp attack of infantile paralysis; for the un-
affected and therefore stronger muscles cause contractures.

E. BRAIN ABSCESS

Under certain circumstances the brain may become the seat of local-
ized collections of pus. The commonest causes are:

1. Head injury with or without fracture of the skull.

2. Infections of the scalp.

3. Thrombosis of veins of the scalp.

4. Infection of the nose, middle ear, sinuses and mastoid air-cells.

5. Thrombosis of the venous sinuses in the brain.

6. Secondary to lung abscess or bronchiectasis.

The common symptoms are headache, vomiting, giddiness, swelling
of the optic disc, i.e. papilloedema, tenderness over the site of the ab-
scess, local symptoms depending upon the situation of the abscess. Such
symptoms reveal the site of pressure and aid in the diagnosis.

Briefly, the additional signs are as follows:

Frontal area. Mental changes, poverty of judgment, tendency to the
making of silly jokes, particularly puns. Convulsions may occur.

Parietal. Signs of hemiplegia, hemi-anaesthesia and speech defects
(dysarthria), increasing with the passage of time. The expanding abscess
presses upon the precentral gyrus, the post-central convolution and
adjacent parts.

Temporal. Hippocampal pressure causes hallucinations of taste and
smell. Visual defects of all kinds particularly if there is pressure upon the
optic chiasma.

Occipital. Visual defects and in particular visual field disturbances.

Cerebellar. Pressure on one or other cerebellar hemisphere causcs
nystagmus (regular jerky lateral movements of the eyeballs), loss of co-
ordination of the limbs of one side, speech disturbances, giddiness dur-
ing which the patient experiences a sense of rotation, falling to one side
and loss of tone of the muscles of that side.

Cerebral abscesses if untreated cause the patient to go into coma.
Death results eventually because the abscess ruptures into one of the
ventricles, or it bursts to cause meningitis, or the markedly increased
intracranial tension produces paralysis of the medullary vital centres.

Treatment and nursing. The primary focus must receive immediate
attention. If aspiration is possible, this should be carried out and peni-
cillin instilled into the cavity if the causative organism is penicillin-
sensitive. Subsequently it is necessary to drain the abscess and finally
to excise it if and when it has become sufficiently encapsulated. The
capsule is designed by nature to shut off the infection from the rest of
the brain so that in the end the abscess behaves like a solid tumour and
can be removed as such.

Nursing consists of complete rest, accurate observation and recording
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of vomiting, headaches and muscular twitching. Particular attention
must be paid to the pulse rate which tends to diminish as the pressure
inside the skull rises. After surgery, post-operative nursing follows the
usual lines.

F. POLYNEURITIS (MULTIPLE OR PERIPHERAL NEURITIS)

Actually, true inflammation of the nerves themselves is very rare.
When it does occur it is an inflammatory condition of the intcrnal sub-
stance of the nerves. Most conditions known as neuritis are degenera-
tions of nerve tissue brought about by pressure, injury or by poisonous
substances including bacterial toxins.

Polyneuritis is therefore a disturbance in a number of peripheral
nerves, those of the lower limbs being more commonly affected than the
upper. The causes fall into several groups:

1. Infections such as diphtheria, enteric fever, syphilis, tuberculosis
and virus diseases.

2. Metabolic diseases such as gout and diabetes.

3. General debilitating disorders such as pregnancy, severe anacmia
and malignant diseases.

4. Metallic and gaseous poisons including arsenic, lead, alcohol, mer-
cury, bismuth and carbon monoxide.

5. Deficiency diseases, i.e. vitamin deficiency including beri-beri and
pellagra. Chronic alcoholism is thought to play a part in provoking
avitaminosis because it engenders chronic gastro-enteritis which hinders
proper absorption of vitamin B.

Whereas the metallic poisons tend to affect the motor nerves other
forms of polyneuritis also involve the sensory nerves. In addition, the
cranial nerves may be attacked (polyneuritis cranialis), and the brain
quite often shares in the disease process. In the latter casc a sct of mental
symptoms known as Korsakoff’s psychosis is aroused. It is characterized
by failure of memory together with the substitution of fulse reminis-
cences for the amnesic gaps.

The onset of polyneuritis may be acute or insidious. In the acute
form, the temperature rises steeply, the pulse quickens and there is a
feeling of malaise. The muscles are tender and ache, particularly in the
alcoholic form where the tenderness is exquisite. If cranial nerves are
involved, the patient may squint, show facial paralysis and complain of
difficulty in swallowing (dysphagia). Cranial nerve palsies arc commonest
in diphtheria.

As regards the peripheral nerves the extensors of the wrist and foot
are affected so that ‘dropped foot’ and ‘dropped wrist’ are observed.
Sensory changes consist of loss of feeling in the so-called ‘glove’ and
‘stocking’ areas. In other words the distal parts of the body are more
liable to sensory disturbances than the proximal. The skin of the affected
limbs becomes smooth and glossy, whilst the fingers tend to taper.
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Walking is impossible in the very acute forms of polyneuritis but in less
severe cases it is accomplished by means of the ‘steppage’ gait, i.e. the
dropped fect are lifted high enough to clear the ground. The wrist, knee
and ankle jerks are diminished and then lost. Where the onset is slower
the symptoms already described occur but are preceded by cramps in
the muscles, feelings of heaviness in the limbs and tingling (pins and
needles) in the extremities.

Special types of polyneuritis

Acute infective polyneuritis of unknown origin is a serious and
sometimes fatal disorder. Both the cranial and peripheral nerves may be
affected.

Coal-gas poisoning may produce in addition to neuritis such mental
changes as depression and signs of permanent nervous damage resemb-
ling Parkinsonism.

Lead. This metal is likely to give rise to a myopathy, that is to say
a disease of the muscles especially affecting the neuromuscular junction.
Lead poisoning may also be accompanied by a serious and intractable
mental disorder characterized by fits, delusions and hallucinations which
latet give place to weak-mindedness (dementia).

Alcohol and arsenic. These substances may produce mental disease
of the Korsakoff type. Originally the name Korsakoff syndrome was
applied to the well-known alcoholic nervous disease consisting of a
special type of psychosis with polyneuritis.

Deficiency diseases. Beri-beri is, as a rule, confined to the Far East
and is due to avitaminosis (deficiency of vitamin B). Cardiac failure
and dropsy are common accompaniments.

Pellagra is brought about by deficiency of various components of
vitamin B, in particular, riboflavin and nicotinic acid. It is not altogether
uncommon in mental hospitals and more especially in patients who have
required tube-feeding for long periods. The features of this disease are
dermatitis, diarrhoea, inflammation of the tongue (glossitis), stomatitis
and mental symptoms. The dermatitis takes the form of a ‘butterfly’
pattern around the nose and mouth and a pigmented rash on the trunk.

Note. It is of interest to record that polyneuritis has occurred during
the treatment of schizophrenia with large doses of insulin. Whether this
is a direct toxic effect of the hormone or whether it is an intercurrent
disorder is not yet known.

Treatment. Absolute rest must be enforced. A cradle is required to
take the weight of the bedclothes. The affected limbs should be wrapped
in cotton wool, kept warm and any tendency to deformities and con-
tractures must be counteracted by correct splinting. The cause, if known,
must receive active attention. For example, the appropriate doses of
insulin should be administered in diabetes, antiserum in diphtheria and
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large doses of vitamin B and nicotinic acid in avitaminosis. Where
metallic poisoning is the causal factor intravenous injections of sodium
thiosulphate are of value. If the cause is not obvious search should be
instituted for septic foci in the teeth, tonsils, sinuses and elsewhere. If
found, they should be eradicated.

The dict should contain milk, cream, liver extract, wholemcal cereals,
vegetables and raw fruit. Brewers’ yeast is sometimes of benefit. If there
is difficulty in swallowing with regurgitation of food through the nostrils
as in the cranial forms of polyneuritis (e.g. diphtheria), ample quantities
of liquid nourishment must be given by oesophageal or nasal tube.

When the acute stage of the disease has subsided and there is no longer
any tenderness along the course of the nerves or in the muscles, massage
and electrical treatment may be commenced. Recovery is the rule but the
knee jerks do not return until after a considerable period has elapsed.

Other forms of neuritis

Neuritis may affect isolated motor nerves and it may attack the
brachial plexus. It is often a painful, intractable and disabling disorder
not to be mistaken for muscular fibrositis which is exceedingly common
and which responds readily to ordinary forms of physiotherapy. The
treatment of neuritis follows the same lines as those described for poly-
neuritis.

Neuralgia. In many ways akin to neuritis, neuralgia however is a very
disturbing complaint due to inflammation of the posterior or scnsory
root ganglia any of which may be affected.

Trigeminal neuralgia (tic doloureux). Trigeminal neuralgia is charac-
terized by attacks of stabbing burning pain in the face. If all three roots
of the ganglion are affected the pain aftects the whole of one side of the
face. The roots may be involved singly so that pain may be limited to
one side of the head, the maxillary area including the teeth, or the
lower jaw and teeth. During the spasms which occur irregularly there is
much anxiety, the eyes water and the patient is afraid to move for
fear of increasing the pain. The affected skin areas are often very
tender.

Treatment. The condition varies greatly in its response to treatment.
Sometimes it may be relieved or even cured by attention to septic foci,
improving the general health, and by such remedies as aspirin and
vitamin B (thiamine chloride) given in large doses over a long period.
Liver extracts are occasionally useful. Tincture of gelsemium has a
reputation when combined with mild sedatives. Inhalations of trich-
lorethylene 20 minims distributed on gauze, t.i.d., sometimes produces
brilliant results. The patient must always be recumbent when inhaling
this drug because of its anaesthetic effects. Additionally, it is an irritant
and must therefore not be allowed to touch any mucous membrane.

The more severe cases may require alcoholic injection of the Gasserian
ganglion via a needle passed through the cheek to the base of the skull.
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In its most violent form the condition can only be relieved by opening
the skull and cutting the sensory roots of the fifth nerve.

Herpes zoster (shingles). Shingles is due to a virus infection of the
posterior root ganglia generally those of the intercostal nerves so that
the characteristic ‘rash’ is commonly scen in the thoracic and abdominal
districts.

Herpes zoster is usually ushered in by slight fever with malaise. A
burning pain is then experienced in the path of one or more of the inter-
costal nerve roots, extending from the vertebral column and proceeding
round the side of the chest to the sternal area. A day or so later a crop of
vesicles appears along the same course following which the pain sub-
sides to some extent. As a rule the vesicles dry up and eventually dis-
appear leaving small scars. They may however become secondarily
infected.

Treatment. The patient should remain in bed for the first few days.
Aspirin should be prescribed in full doses. As far as the local condition
is concerned nothing more is required than application of an antiseptic
dusting powder or collodion to keep the vesicles dry and clean. Some-
times the pain is very intense and may continue long after the rash has
cleared up. It may therefore be necessary to prescribe morphine. This
should however be avoided because of the danger of establishing a crav-
ing for opiates. Good results have been claimed for pituitary extracts
given by injection. Deep X-ray treatment, alcohol and Novocain injec-
tions may be required for persistent pain (post-herpetic neuralgia). In
the most intractable cases surgical division of thc affected posterior
roots or even section of the spino-thalamic tract may be required. At
times, and especially in elderly neurotic patients, a fairly scvere state of
depression may arise in response to the prolonged pain, and psycho-
logical treatment may be necessary. On the whole, herpes zoster recovers
spontancously and fairly quickly.

BelP’s paralysis (facial paralysis). Facial paralysis may be a symptom
of grave intracranial trouble or what is much more common, it may
be due to a simple inflammation of the sheath of the seventh nerve.

It is sudden in onset and is often caused by exposure to draughts. The
patient is unable to wrinkle the forehead on one side, close the eye or
move the muscles of the face on that side. Tears fall unchecked from the
eye (epiphora), and there is some difficulty in chewing. Food tends to
collect in the affected cheek, and saliva drools from the depressed angle
of the mouth.

Treatment. Most cases recover spontaneously. Fomentations to the
face and counter-irritation with tincture of iodine to the mastoid pro-
cesses are sometimes helpful. Some authorities prescribe a rubber-
covered wire hook which extends from the ear to the angle of the mouth.
This helps to abolish the dribbling of saliva and minimizes the disfigure-
ment. After ten to fourteen days, massage and galvanic current may be
used to hasten recovery. On the whole the prognosis is good, but in
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rare cases no improvement takes place at all, whilst in others it only
does so after a prolonged period of treatment which may, if necessary,
include surgical opening of the facial (Fallopian) canal and incision of
the nerve sheath, autog afts and plastic surgery.

Brachial Neuralgia. One condition often diagnosed in the past as
brachial neuritis must be selected for special consideration. Strictly
speaking, it must be called neuralgia and not neuritis. It is due in fact to
prolapse of a cervical intervertebral disc. The commonest site is between
the 4th and 5th or 5th and 6th vertebrae. Extrusion or degeneration of
the disc tissue causes pressure on the roots of the brachial plexus which
results in pain in the root of the neck, in the shoulder and possibly in
the scapular region. In addition, there is often wasting of the deltoid,
biceps and other forearm muscles, the loss of flesh extending to the
small muscles of the hand. Shooting pains, numbness and tinglings are
often experienced along the course of the ulnar nerve affecting parti-
cularly the ring and little fingers.

Trcatment is directed towards immobilizing the neck by means of a
plastic collar, or alternatively, neck traction may be employed in the
hope that the disc will slip back into place. Gentle physiotherapy helps
to relieve muscle spasm. In most cases recovery takes place but some
cervical disc lesions require surgical treatment to relicve what can be
quite severe pain and suffering.

For some as yet unknown reason, cervical and for that matter
lumbar disc protrusions are much more common nowadays.

Sciatica. Sciatica is a painful disorder affecting the sciatic nerve which,
arising from the lumbosacral plexus, pursues an extensive course in
front of the sacro-iliac joint, through the sciatic notch and down the
back of the thigh to its eventual distribution. The causes of sciatica are
manifold. Some types are definitely inflammatory in origin. Other causes
can be traced to vitamin deficiency, gluteal fibrositis, osteo-arthritis of
the lumbar spine with pressure on the nerve roots as they emerge from
the vertebral canal, and pelvic tumours causing pressure in a similar
manner. Recently, it has been shown that some sciaticas are due to pro-
lapse of an intervertebral disc, generally that between the third and
fourth or fourth and fifth lumbar vertebrae. The condition is referred to
as a nucleus pulposus herniatum or disc syndrome. The prolapse is
usually brought about by strain or injury. Lastly, there are a number of
cases resembling sciatica which are undoubtedly hysterical in origin.

The symptoms are pain and tenderness along the course of the sciatic
nerve, the chief sites being over the sciatic notch, i.e. deep in the buttock,
in the popliteal space, over the head of the fibula, and on the outer side
of the ankle. The pain is increased by stooping, coughing and sncezing,
and is particularly well marked where there is pressure on nerve roots.
With the patient in a recumbent position very intense pain is caused by
attempts to raise the affected leg when extended (Laségue’s sign). The
limb feels heavy and lifeless. In some cases the only relief from pain is

69



Diseases of the Nervous System

obtained by getting up and walking around. Another cause of distress
is the pain experienced during the act of defaecation. The ankle jerk may
be diminished or lost, and there may be an area of partial numbness on
the outer side of the foot.

Treatment. The general consensus of opinion nowadays is that treat-
ment must commence with complete rest in bed for some weeks pre-
ferably on fracture boards. This in itself may encourage a spontaneous
remission, the criteria of which are freedom from pain and full straight
leg raising. Should this fail then complete immobilization of the
lumbar spine by means of a plaster jacket is the next treatment of choice.
This method ensures that the lumbar curve is maintained in a forward
position and that movement of the vertebrae is reduced to the very
minimum.

Should immobilization prove unsuccessful, the surgeon may have
rccourse to manipulation of the spine or alternatively traction may be
applied to the vertebral column to widen the intervertebral space so
that the disc might slip back into place.

All else having failed, the last resort is surgery which nowadays is
entirely restricted to intractable cases with persistent pain and dis-
ability. The operation consists in the removal of the approximate neural
arches of the lumbar vertebrac, i.e. laminectomy, with surgical excision
of the offending disc. Occasionally, the surgeon will operate through a
‘window’ made in the arch or arches instead of cutting the bone away
completely.

Generally, conservative methods yield good results with complete
relief after a period varying from six weeks to as long as twelve months.
Occasionally, the symptoms unfortunately persist in spite of every
form of trcatment.

In all other cases where pressure on nerve roots is involved the cause
must be sought in the pelvis and removed if practicable.

Inflammatory or fibrositic types of sciatica are treated by means of
rest, analgesics, heat, infra-red rays, diathermy and massage. Other
remedies consist of alcoholic injections into the sciatic nerve, injections
or epidural infiltrations of Novocain and saline through the sacro-
coccygeal opening at the base of the spine. Cures are claimed here and
there but sciatica still remains a difficult and unpleasantly painful com-

laint.
P Where pain which approximates to the distribution of the sciatic
nerve is of hysterical origin, a psychological approach is necessary to
evaluate the meaning of the symptom.

Syphilis of the nervous system. Syphilis of the nervous system presents
its own peculiar problems and is perhaps the most tragic of all the end-
results of syphilitic infection. Although there are exceptional cases in
which neurosyphilis makes itself manifest within a year or so following
the original infection, the usual period of latency is about five years. In
some cases the onset is delayed for as long as twenty years. Apart from
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congenital syphilis it is therefore rare to find the disease in young people.

Unfortunately, a large number of victims have no reason to believe
that infection has ever taken place; for the primary sore may never
become evident, and the secondary stage if not pronounced, may be dis-
missed as of no consequence. Thus, patients remain in blissful ignorance
of their fate. For some unknown reason the organism lies dormant in
the nervous system for years before wreaking its dire effects. This phe-
nomenon has suggested the theory that a special kind of spirochaete
exists which affects nervous tissue only and which requires time to
elaborate its toxins. The theory has also been propounded that neuro-
syphilis occurs only in those who possess susceptible nervous systems.
Be that as it may, the diseasc is a very serious condition with an uncer-
tain response to treatment.

The disorders produced are:

Meningitis. Whilst an acute form of meningitis is known to occur
during the secondary stage of syphilis it is usual for it to take a chronic
course. The discase is characterized by headache especially scvere at
night, cranial nerve paralyses such as ptosis of the eyelids and squint,
and pupils which arc irregular in shape and whose reaction to light is
absent or sluggish. The blood and cerebrospinal fluid give a positive
Wassermann reaction.

Treatment. Treatment consists in administering salvarsan or other
organic preparation of arsenic, bismuth and mercury in courses extend-
ing over months and at intervals for up to five years.

Cerebral syphilis (meningovascular syphilis). Cerebral syphilis is a
severe infection involving not only the meninges but also the blood
vessels of the brain. The symptoms accordingly vary depending upon
which arteries have been affected. Nocturnal headache is a feature of
the disease. Because of chronic meningitis affecting the base of the brain,
cranial nerve paralyses such as squints are very common. Argyll
Robertson pupils are often present. Occasionally, the disorder is ushered
in by an epileptiform convulsion which leaves a hemiplegia with speech
defects as after-effects. This is the result of thrombosis of the artery
supplying the intcrnal capsule. On account of increased intracranial ten-
sion the optic discs may swell (papilloedema) and the mentality may
become sluggish, the whole condition resembling that produced by a
cerebral tumour. Sometimes the mind is sufficiently disturbed to mani-
fest hallucinations and delusions. The blood Wassermann reaction is
always positive but the cerecbrospinal fluid may be, and often is, negative.

Treatment. For a full account of the treatment of this disorder sce
page 215 et seq.

Tabes dorsalis (locomotor ataxia). Tabes usually appears between five
and fifteen years after infection. It is a discase of the sensory roots of the
spinal nerves. It affects particularly that portion of the sensory nerve
which lies between the posterior root ganglion and the spinal cord. In
consequence, it causes degeneration of the posterior columns of the cord
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which carry impulses of touch and joint-sense to the brain. Additionally,
the cranial nerves are nearly always involved in the disease process.
Thus, optic atrophy is not uncommon. Ptosis and squint due to paralysis
of the third and sixth nerves frequently occur. The pupils are irregular in
outline, unequal, sometimes fixed, and at other times of the Argyll-
Robertson type, i.c. they contract on convergence but remain unrespon-
sive to light. There may be patches of anaest