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PREFAGE

The study of anawomy without a body to dissect it a
little like Hamlet without the Prince. T have tried to make
up for this by providing as many illusirations as a book
of this size will arry; and it is the reader's duty to make
the best use of thee, and to persuade himself thar he
has a sound viinal grasp of what one portion of tex:
i about before moving on to the next. The surface
anatonry of particular regions i also described at some
length, “and here the student can obtain first-hand
mformation from his own Lody, or from that of an
obliging friend

Mast of the figures are the work of Miss Sheila Hayes,
of Mesm. E. O, Sonmizg. ‘The remainder are by Mrs,
Lucy Geddes, 1 am indebted 1o Messes. Lonjgmiris,
Green and Cotmpany for their kindness in giving e
permission. 1o have redrawn a number of illustrations
from Gray's Anutomy. These are individually acknow-
ledged in the text. My thanks are also due to my
Publishers for the care and aceuracy they hive shown
m the preparation of this hook.

PREFACE TO SECOND EDITION

In preparing thus edition the book has heen carefully
revised and some previous errors eliminated, A new
Chagter has been added dealing briefly with the evolu.
tiotiary aspeets of human anatwmy, and 1 um grateful Lo
Professor ]. Z. Young and the Oxford University Press
for permission to use therein certain material from
Professor Young's Life of Vertebrates. The Index has
now become the Glosary-Index originally promised.

DL






CHAFTER 1

DEFINITIONS, APPLICATIONS, HISTORY

Definltions.
Tue literal meaning of the wond anatomy is the cutting
up of the body to examine its parts and their relations
one to another, Knowledee gained by dissection in this
way is essentinlly regional or topographical; that ia to
say, one gains a {familiarity with each part, such as the
arm or leg, similar to one’s acquaintanceship with the
particular districts of a city; and this is 10 fact how the
medical student fisst learns his way. about the human
body. But every part is found to contain the same kinds
of organs—blood vesely, nerves, bones, ete.; so that,
superimposed on regional anatomy, there is a systématic
point of view, in which the body is considered as made
up of several co-ordinated systems, vascular, nervous,
kkeletnl, and so on, cach of which has o definite unity of
il owi

Giross naked-eve observations of this kind are known as
macroscopic anatomy; this is contrasted, though only in
gradation, with nucroscopic anawmy or histology, the
study of the structure of the individual colls and tissues,

So far, all this implies a static view of adult anatomy as
an unchanging entity, a very necessary practical view-
point for such people as the surgeon. But there is also
the standpoint of developmeéntal anatomy; this consists
first, af embryology, the rrowth of the individual within
the womb from the zingle cell formed by the fusion of
ovum and spermatozoon, and secondly, the pos-natal

el 9



10 ANATOMY

development through mfanecy and childhood 10 maturity.
Towards the end of life, certain changes of senescence
begin to appear but these are wsually regurded as patho-
logical rather than anstemical; and similarly, morbid
anatomy, the study of diseased organs, really comes
within the sepurate science of pathology,

The development of the individusl # known as
ontogeny, and is contrasted with phylogeny, the evolu-
tonal development of the race from more primitive
forms: 1o some extent, the individudl recapitulates
phylogeny in a condensed and distorted form during his
own development. Comparative anatomy is the study of
the human body as a finished product in relation to the
structure of animals; we sometimes use the word
marphology for the investigation of differences and
resembilances in the structure, use and evolutionary fate
of correspanding organs in man und animals  For
example, the hunum foot and the horse's hoof, structures
essentidlly similar, are evolved on modified lines with
differing finul uses.

Returning for a moment to systitmatic anatony, it i
abvious that the study of the structure of various body-
systems and tssues can only be anificially separated
from the investigation of their actual working in life and
the related biochemical and hiophysical processes, ie.,
physivlogy. Nevertheless, the distinction has to be made
for the convenience of practical purposes though, unlis
function is always bore in mind, the mere study of form
is sterile.

Methods.

Of the practical methods of acquiring anatoimical
knowledge, the oldest and most bhasic is of course by
digdection, a proces extended in recent centuries by
mictnscapy. There is also surface anatomy, the relation
of the superficial landmurks of the body to the deeper
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structures, of particular value to the artist. And thene
15 the wse of the X-rays, which show up the bones, the
shelew] system, and esn also be used to demomstrate
hollow orguns—intestines, canaly, blood-vessels—if they
are filled with substances opague w the rays; or solid
organs can be studied il they are outlined by surround-
ing them with air blown in by injection. Radiopraphic
anatamy & particularly valuable because it indicates the
undisturbed relations of an individual organ to the body
as a whole, especially in the living body; such an organ
as the stomach, for instance, has heen shown o expen-
ence uncxpctwily great variations in position under
such different circumutances as the change from lying
to standing pesition, with emotionul upsets, and after
meals; some of these positions correspond pot at all 1o
the standard views, based on ordinary disssction in for-
malin-hardened bodies.

Variation.

A general principle in anatomy is that of the essential
similarity of all buman beings; but against this back-
ground there is & continuous variation from the standard
pattern as far a8 thesential detalbs are concemed, Just
ai we ontwardly vary in heighy and colouting ol eyes or
hair, so internally there may Le minor aliervations in chi
arrangement of nerves ind blood-vessels, or the exact
arrangement of the bile-ducts, or in the particulis rela.
tion different structures bear to each other. But just as
the genenal descriptive catalogue—"item; two lips, in-
different red; item, two eyes, with lids to them; jtem; one
nick, one chin and so forth ™ = always correct, so we may
be sure that the femoral avtery or the biceps omocle is
where we expect 1o find it; in fact, the average anat-
omicil structure i§ considerable less of a fiction than the
averape man, Ogcadonally, of course, there are grosser
developmentil errors which are not really part of this
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normal mnge of variation. They represent a gros failure
or distortion of normal processes, e.g., the absence of a
part of a limb, or the transposition of the heart or viscer
in mirror-image fashion.

Applications.

The application of anatomical knowledge is made by
mumerous profeszons. First and foremost by the physician
or surgeon, especially by the latter, who needs to be rather
more familiar with the geography of the body than with
the palm of his own hand; an essentially regional
approach in which the individual variations of stricture
acquire an immediate practical importance, since & vital
duct or vessel must be recognized before it is injured and
must not be assumed to lie in the * normal position"; a
regional approsch which haz led to some extent to o loss
of comprehension of the individual as a whole organism
requiring attention in its own righr,

The nurse and the medical orderly need some anat-
omical grounding for two reasons; for their own good
a8 & peneral discipline informing their daily activities
with knowledge and purpose, and for practical use in
such nursing procedures as those connected with the
arifices of the body, or the checking of hiemorrhage by
arterial compression.  The masseuse must know, to work
to greater advaniage, what muscles lie benecath her
fingers; and the artist, confined though he may be to
surface representation, cannot but be helped by an appre-
ciation of the relations between body contours and the
deeper structures which produce them.

HISTORY

Before proceeding to a detailed account of the
anatomy of the body, a brief historical review of the
subject will be of value. We may assume some pre-
historic anatomical instinct in that carvings and cave
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drawings are accurate in contour and indicate some
sequaintance with underlying structures.  And the
Egyptians probably had a considerable body of know-
ledge derived from embalming, from various surgical
procedures, and from ritual divination using the viscera
of animals. Buot it is to the Greeks that we owe the real
development of the idea of anatomical structure as a
matter for deliberate investigation, coloured though their
views were throughout by speculative philosophical views
on humours and vital spirits, and by misconception of the
working of the vascular systemn.  The superh suriace
anatomy of Greek sculpture is well known; and various
operations such as trephining for head injurics were in
common practice:  Aristotle and Hippocrates are the two
great names of this period. Arstotle, the founder of
comparative anatomy, probably never did any human
dissection but made many accurate observations on adult
and embryo animals; Hippocrates worked from a more
practical surgical viewpoint in connexion with fractures
and dislocations, and accomplished some dissection,
Alter the death of Aristotle the school at Alexandria
continued the Greek tradition, establishing &n anatomical
discipline which included the public dissection of human
bodies; in fact, there is some dispute as to whether human
vivisection was practised at this time.

During the Roman period there was a medical school
int the capital, and systematic descriptions of bones and
organs began to be recomded, In the second century
AD., Galen stands out as the greatest physician and
anatomist of antiquity; his work was the basis of Euro-
pean knowledge of anatomy for a thousand years, sur-
viving even the Dark Ages which were marked by a
cessation of scientific activity for centuries, and reap-

in translation from the Arab scholars

The Middle Ages were characterized by the rise of the
great Italian universities and medical schools such as
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Bologna and Padua, at which students were instructed by
arather formal mode of dissection in which the established
writ of Gaten was still unquestioned. The great figure of
Leonardo da Vine} i3 remarkable in this time as a bril-
fiant dilettante artist and anatomist, who established
sound principles of anatomical illustration which were
developed by the discovery of printing. In the 16th cen-
tury, Vesalius effected an enormous and essential change
in replicing the traditional reliance on Galen by the
method ol direct pesonal observation and dissection:
after the publication of his great work “ On the Fabric
of the Human Bady", anutomy became rejuvenated.

In England, dissection is hot known to have begun
until the very end of the 15th century, but some demon-
strations on the corpses of criminals by the Barber Sur-
geors were authorised in Henry VIIT's reign; and
William Harvey's birth in 1578 hemlded the Rourishing
of a period of anatomical and physiological research,
ushered in by the discovery of the circulation of the
blood. During the middle and latter parts of the 18ith
century, the famous brothers William and John Hunter
gave an immense impetus, not only to dissection and pure
anatomy, but to their applications in surgery; and John's
specimens beeame the basis of the great Hunterian Col-
lection of the Royal College of Surgeons. By the close
of the century anatomy was recognized as n basic subject
to be taught to new students at the medical sehools.

A romantic pasage in our own anatomical history is
connected with the difficulty in obtaining subjects for
dissection in the early 19th century. Only the bodies of
hanged criminals were available—in fact their dissection
was compulsory by law; but this source proving inade-
quate, the snatching of freshly-buried corpses by the
“resurrection men " became prevalemt in London and
particularly in Glusgow and Edinburgh, a lucrative pro-

fession for the niffians concerned, who were well paid for
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their work. Increasing public anger was aroused,
especially when murders were committed 1o obtain bodies
for sale, culminating in the infamous Burke and Hare
episode in Edinburgh.  The shocking disclosures at their
trial in 1828 were ultimately responsible for the Anatomy
Act of 1831 regularizing the conduer of schools of
anatomy and suthorizng the use of unclammed bodies
from institutions.

It has been-well said that the history of anatomy * is
one long struggle in the search after truth. The early
anatomists in their desire for knowledge had to overcome
many obstacles, to suppress their own prejudices, to over-
come the natural disgust maised by the smell of a cor-
rupting body, to brave human laws; to withstand the ban
ol the Christian church; to rob the grave in the dead of
might, and pumwe their studies in seerecy and peril. How
well they have sueceeded in their task! Topographical
anatomy has been probed to its depths, every detail has
been exposed, and there is little left for us 1o do™*

*R. H. Hunier 3 4 Shary. Histery of Amatsny, Londan, 1930,



CHAFPTER II

STANDARD POSITIONS, TERMS AND REFER.
ENCES; NOMENCLATURE; THE BODY SYSTEMS;
SYMMETRY AND SEGMENTATION

Positions, Terms and References.

IT is essential to understand that, for the purposes of
anatomical description and the localization of parts, the
body is always considered as being in a particular con-
ventional position. This is as important as in map-read-
ing, where two people can understand each other's
references because of a prior agreement to stick to the
same methods of plotting and the same arrangement of
North and South. In this standard position the body is
imagined erect, with the arms by the side and the thumhs
out, so that the palms of the hands face forwards. The
front of the body and limbs is the anterior surface, the
back is posterior; so that if the relation of any two strue-
tures i5 being considered, one may be described as
anterior or posterior to the other in so far as it is nearer
the anterior or posterior surface. Anterior is sometimes
also called venfral, and posterior dorsal, a derivation
from the condition in animals where the belly faces the
ground.

The position of structures is also related to the median
plane of the body (AA in fig. 1) One point is said to be
medial to another which is placed further from the mid-
line, the second point being leteral to the first. And points
nearer the head end are :u}un’w 1o tho= inferior ones
pearer the feet; cranial i4 sometimes used for superior
and caudal for infmnr caorresponding to the head and
tail of animals

16



STANDARD TPO3ITIONS. THE DBODY SYSTEMS

A
Fis. 1. The comveniional view of the bedly from in frons,
showing its anterior surface.  AA i the median plane,

17



18

Fae 2. The pewierior wnrface of the body.
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Internal and external are descriptive of the boundary
walls of body cavities or hallow organs; thus the ribs have
an external surfuce directed outwards and an internal
surface facing towands the thoracic cavity, Superficial
and deep are obvious references to relative distances from
the surfice, e.z., the skin is superficial 10 the underlying
muscies

Certain other terms are wed in connexion with the
limbe. Here, anterior may become palmar (hand) or
plantar (sole of foot), with dorsal for the posterior surface
or back of hand or the upper surface of foot. Also,
lateral and medial may be referred to in the limbs by
nimes derived [rom the corresponding paired bones of
forearm and lower leg, ie., radial and ulnar, or fibular
and {ibigl Points nearee the shoulder or groin are
proximal to those distal ones situated nearer the fingers
or toes. Peripheral cormesponds roughly to distal,
but is wually employed for the more outlying distn-
bution of the branches of the crculatory and nervous
systems.

Finally, it is often necessary to refer to sections through
the body; these may be horizontal (transverse), sagittal
{along or parallé] to the median plane), or coronal (along
or parallel to the coronal plane BB in fig. 3 at nght anles
to the median plane. All the rerms given above must
be mastered before proceeding; they are the cardinal
points of the anatomical compass, without which the ex-
ploring student will become hopelessly lost,

Nomenclature, It is equally important to have an
agreed system of names for parts of the body; a standard
nomenclature is therefore used throughout the world,
based on the original Latin terminology and revised at
intervale. These revisions are, however, infrequent, and
since different generations of students may be brought up
under different systems, there is inevitably some overlap-
ping. Surgeons particularly tend to retain the older
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namecs, and in sune cases two or more terms may be
colloquially used for the same structure

In this book no atterpt his been made to adhere to
any particular scheme, and the nunes will be introduced
naturally in the course of description.

Symmetry and Segmentation. The two halves of the
body on each side of the median plane are very largely
similar, with corresponding right and lelt Hinbs, right
and left kidney, and so-on; Le., muny stroétures are sym-
metrical, This symmery is far from perfect, however, as
same internal organs are mamly one-sided (the liver), or
entirely so (the spleen); and even the apposite limbs or
the two halves of the brain are never exactly the same.

The human body repeats, in very modified form, the
primitive arrangement of segmentation; this i wide-
spread in the amimal kingdom and well exemplified in the
carthworm, which i made up of a number of identical
segmenis, ench containing the same orgins and to 4 cer-
tain extent independent, though the gut traverses them
in commmon. Integrated g be bs; man still retaing many
features of this segmentation, though it is more eleatly
seen in the embryo than in the adult state. Tt is dis-
played in the arrangement of the vertebral column, in
the series of paired ribs; and in the segments of the spinal
cord, each of which gives off a pair of spinal perves
the appropriate body-segment, distorted though these
have become by reason of the emergence of the limbs.

The Body Systems
These are :
The skeletal system—the bones. } Together constituting

The joints or articulations, the locomotor
The muscles. FySIem.
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The respiratory systerm. Together constituting
The digestive system. } the visceral
The urogenital system. Organs

The vascular systein—heart, blood vessels, lvmphatics
The nervous system, and the sense-organs.

Before proceeding further; it will be useful 1o get some
idea of the general lie of the land by examining briefly
four of these systems

Digestive System. Food pasing through the mouth
entens an expanded cavity behind, the pharynx, which is
also comnion to the air-passage at this level. It then
travels down the gullet (ocsophiagus) to the stomach,
thenee to the coils, first of the small, and then of the large
intesting, The waste matter of the [cod, or faeces, then
enters the lowest part of the large bowel—the rectum—
and is expelled through a short anal canal. At various
points along the digestive tract certain glands are situated
and  discharge their secretions into it. These ame the
three pairs of salivary glands around the mouth; the
pancreas, below the stomach; and the liver, which over-
lies the stomoch,

Resplratory system. Air inhaled through the nose or
mouth entees the pharpre behind and  travels down
through the ait-passage proper below. The first part of
this s the larynx, which is also the organ of voice; and
this feads on to the wrachea or windpipe, which divides i
the upper part of the chest into a right and left bronchus
for the night and left lung. Each bronchus subdivides
within the lung to form numerous branching bronchioles
which end in clusters of tiny air sacs.

Urlnary system. The urine i secreted in the two
kitlneys, lying at the back of the abdominal eavity. From
each kidney a tube, the ureter: carries the urine down to
the bladder in the pelvie, the space between the hip
bones: and it i discharged from there into the urethra
In the female this is a short channel, soon opening
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Salivary
Glands Pharynx
Gﬂnphagu:
Liver
Gall-Bladder —\-i— /7% ~5mmuch
Dusdenum A,z : — Poncreas
Large Intestine
Large Small
Intestina Intestine
Large
Appendix Intesting
g Rectum
Anisy

Fio. 4. The Digeative System.
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externally; in the male it is a long curved pathway
traversing the prostate gland, and then running through
the pems, which is also used for performing the

reproductive act
' —— Epiglottis
/&

Thyroid
Lorynx ] Cartiloge
: Cricold
o Cortilage
——
o rached Cartilage Ring
_——
__... L Bronchus
B Bronchus =,
4;'1-" ::': /3
B NOV H -
Al J \‘\ 74z Ly ;
: "'_g*flk %‘?r 156 L
% = F:i?-*!'" .:_‘ ﬂ'ﬁn" o
LS e S
S dau . ;“
4.";5 ':5‘.! .:j_;;':"_'“'fl F=
Bronchioles i B g¥ 3. Bronchiales
of R Lung ; A of L Lung

Fio. 5. The ropimiey, passgo.
The associated genital or sex organs will be considered
later (p. 281).
Vasoular systam. The circulatory system is essentially
a closed arcle round which the blood is propelled by the
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contracticns of the muscular heart.  Blood is driven into
the arteries, thick elastic tubes which aid by their recoil
the distribution of blood to all parts. The arteries divide
into smaller branches in their course to the organs and
limbs, and finally break up into a meshwork of fine capill-
aries, microscopic thin-walled vessels which permeate
every tizsue of the body except the cornea of the eye and
the outer laver of the skin.
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Fio. & The Utdnary Syatem.

The blood conmined in the capillaries discharges
oxygen and food matenals to the tissue cells, and takes up
carbon dioxide and wastesin return, The network reforms
to form small veins, which become large venous trunks as
they travel centrally towards the heart. These are thin-
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Fia. 7. A diagram of the Circulation of the Blood.
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walled, have no pulse, and contain valves to prevent any
backward flow of blood.

Now there are, in {att, two sepamate circulations; a
systemic, concerned with the body as a whole and driven
by the left side of the heart; and a pulmonary, concerned
with the passage of blood through the lungs and driven
by the right side of the heart

The heart has a nght and left side which are quite shut
off from one another; and each side has an upper cham-
ber or atnum’ receiving blood from the great veins, and
# lower chamber or ventricle discharging blood fnto the
great arteries.  Stale venous bilood from the body enters
the right atrium, passes to the nght ventricle, and is
expelled through the pulmonary artery to traverse the
capillaries of the Jungs. Here, it becomes acrated, receiv.
g [resh oxygen from the air in the air-sacs and giving
up carbon dioxide to be breathed out or expired. The
fresh bilood returns from the lungs in the pultnonary veins
to the left atrum of the beart, then down to the left ven.
tricle, and is discharged into the great artery of the body,
the morta, which supplies the head, trunk and limbs
through its branches,

In the body tissues the blood is rendered dark and
venous, and is ultimately collected up into great veins,
the superior venn cava draining the head and arms, and
the inferior vena cava draining the munk and legs. Note
thiat, whereas the arteries of the body contain bright red
blood and the veins dark hlood, the reverse is incvitably
the case for the pulmonary arteries and veins; for the
lungs are concerned with reversing the chemical states of
the blood.

There is a special arrangement of the abdominal
vessels which must also be noted. Whereas the veins leav-
ing most structures pass directly to the heart, those from

1 Kometimes delled the cvricie.
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the stomach and intestines enter anothier organ, the liver,
where they break up into a second set of capillaries so
that the blood is filtered through the liver before reaching
the heart via the veins of the liver itself. This is to secure
that the liver utilizes and stores the dissolved food sub-
stances carried by the blood from the bowel; the arange-
ment i known as the portal arculation.

Lymphatic systam, This is a sort of accessory to the
main vascular systern.  Not all the fluid portion of the
blood which exudes into the tisues from the capillaries
returns to these vessels, with the result that thers js an
accumulation of tisae fuide This excess 4 removed by a
separate set of fine channels, the lymphatics, which begin
as clefts and crevices between the cells, and join up to
form o plexus draiming the various organs.

These vessels pass up the imbs and trunk and areinter-
rupted af certain points by a number of gand-stations or
filters which lie at the elbow and knee, armpit and groin,
and in the trunk along the great blood vessels,

The lymphatics of the trunk join to [orm a wider vesel
known as the thoracie duet, of matehstick thickness,
which runs up in the chest to the left side of the neck;
thiere it gathers the lymphatics of the left arm and the
left side of hiead and neck, and discharges into the great
veins. On the right side, the vessels of the arm, head
and neck discharge directly into the veins

One of the main functions of this system is the absorp-
tion of digested fat vin the lymphatics of the bowel; and
the hmph glands deal with any infection brought to
them by the lymplatics.
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CELLS AND TISSUES

Cells,

Tue individunl microseopic cell i the basis of life. The
body is composed of diflerent fissues which are pggrega-
tions of the same kind of cell, together with a consider-
able - amount of intercellular substanée. There is als
much material produced by cellular activity but no
longer living, e.g., the mineral content of bone, and the
nails. The: essential parts of the cell are its- bounding
membrane, the protoplasmic: substance, and the central
nucleus.  All cells have sprung from the division of the
female germ cell (ovam) after fertilization by the male
germ cell (spermatozoon); and it is in onder to ensure that
the [actors of 'inheritanee, the genes, which cantrol the
behaviour of the eell in particular and the life of the body
int general, should be shared out equally 1o new cells as
theoy am formed that ordinary cell division i an extromely
complicated process. It is ealled mifosis, and in it the
essential elements of the nuclens; the chromosomes, split
up 1o be divided berween the two daughter cells.  Each
chromosome: carries: i it the genes, which are the
determining factors in the inheritance of cell beliaviour,
Occasionally a cell and its nucleus just break into two,
but this is uncommon.

The cells of different tissues may be oreatly modified
for their specialized Tunections, e.p., the red eell of the
blood which has Jost its nuclens, the white coll af the
blead with a multilobular nucleus, the nerve cell with its
enormously elongated axon-process or nerve fibre for

40
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carrying stimuli, the striited or striped muscle (figs. 9,
I1); but in each the essential components remain recog-
nizable,

Tizsues.

There are ouly four essential tisruer—epithelium, con-
nective, muscular and nervous. These may be modified
further in various ways but together they make up the
body. They differ on the one hand in the nature of

Nerve Cefl
Fiz, 8, Varmous types of eell.

their component cells, and on the other in the particuluy
kind of secreted intercellular substance, the cell back-
ground or malrix.

Eplthalium. This tissue covers all free body surfaces:
oot only the external surface of the skin but ako the
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mternil surfaces, the linings of the body cavities, the
glands opening into them, the vessels, und the respiratory,
digestive, and genito-urinury tracts. It is important to
realize that both internal and external surfaces of the
body possess this intuct “epithelial envelope " which is
normally unbreached and stands as a barrier between
the outside world (including paradexically, the contents
of the bowel and internal hollow organs) and the desper
muscular connective and nervous substance of the body,
These internal and external linings become continuous
with each other at the external orifices of the various
cavities—at the lips, nose, anaul und urethral openings—
wherte the lining of the digestive, respiratory and urinary
tracts become continuous with the skin,

An imternal epithelivm s called (i) & serous lining
where it formus the siooth sheet-like boundary of 4 great
body cavity (like the peritoneum, pleura or pericardium);
() & mucous membrane when it is a seereting glandular
layer lining the bowel, mouth, plands, etc.; and (i) an
endothelivm where it lines blood vessels.

Epithelium s typically very cellular and simple in
arrungement, with little mtercellolar materinl and no
blood vessels of its own, the cells being arranged in
single-layered mosaic, or in row on tow [stratified epithe-
lium). Most of the bocdy pigment is formed in this tissue,
eg., i the skin, irls and reting.

Connective tissue, In its various forms this makes up
the main supporting framework of the body as & whole,
and of each organ in particular, It is characterized by
the large amount of matrix or intercellular substance:
and the exact mature of a connective tisue depends on
the particular kind of matrix and of the fibres it fray
contain, _

Thus in simple areolar tisue, the loose web-like pack-
ing in hody clefts and spaces, between muscle and organs,

and sepurating skin from deep structures, there is a semi-
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Auid matrix containing both white (unyielding) and
yellow {elastic) fibires; an arrangement allowing [ree glid-
ing of part on part (fg. 10)

In adipose or fatty tissue the cells are modified to carry
fat globules; it iz found everywhere except within the
skull cavity, but is most conspicuous beneath the skin and
in the membranes within the abdominal cavity.

A predominance of fibres produces either ondinary
fibrous tissue, with strong white fibres in paralle] columns,
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Fio. 40, A simple connective dssue,

a4 in tendons and ligmmnents; or elastic tissue, containing
the resilient yellow fibres, important in such structures as
the spinal hgaments and the walls of arteries

_ In carnlage and bone the matrix has become solid and
tmpregnated with mineral salts; they are-described later.
And in blood and lymph the matrix s completely fluid,
while the cells have become modified, some to carry dis-
solved respiratory gases and nutrient substances, others to
dl.;lal with invading micro-organisms,
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Fio, |} (g} A smooth mumcle fbre,

Muscolar tizssue. This 13 almost entirely composed
of reddish muscle fibres aranged in bundles which
are separated by areolar tisue. The fibres are highly
specialized cells characterized by their great power of
contraction on stimulation, an exagreration of a property
present to some extent in all protoplasm, There are three
types, having rather different minute structure and ful-
filling differing functions (fig. 11):—

(i) Smooth or plain musele (unstriped, involuntary or
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Fra. 11 (8. Striped miimcle fbres [Aler Gray).

Cordiac Muscle

Fuo. L1 (&)
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visteral) is the contractile material in blood-vesels and
hollow internal museular organs like the uterus, bowel
and bladder; structures which must work automatically,
beyond the consciows control of the centeal tervous
systein and regulated by the semi-independent autonomic
o vegeihtive nervous systemn.

(i) In striped muséle (skeletal, voluntary), the fibres
are more intricate and are cross-striated under the micro-
scope. They make up the museles of locomotion and
skeletal movement, and are under direct control by the
comscious voluntary action of the central nervous system.

it} Cardiane muicle oeoupies an intermediate position,
inasmuch as its Abres are striped although the action of
the heart ia not under voluntayy control,

Neryous tissue. This is marked by the sensitivity of
ity celli tor atinuli and the geeat conductivity of the flires
arising from these cells. Each cell has a number of small
branching processes or dendrites which mretlock with
those of netghbouring cells; and one of these 15 clongaited
{often enormously, when traversing the length of a limb
or the extent of the spinal cord) s the tnain aon for the
franmnision of stimull Cell, dendrites and axon make
up thee nerve unit or genrone, and the nervous systein is
built up of millions of these umits in complex inerrelation,
Nerve fibres are grouped in bundls, Loty within the
birain and spinil cord, amd igide the main decve trupks:
They are of two kinds. The lirger white or. medul-
tated fibres have sin insulatng fatty sheathond are found
in the eranial and spinal perve of the: voluntary nervous
system; the Aner groy Bhres are unsheathed or man-
medullqied and are found in the autonomic system,
Damoge to nerve tissue i irreparable in a8 much as the
cells are incapabli of reproduction, though mjured filioes
iy grow againg but the functions of destroyed areas in.
the cortex of the brain may sometimes be asomed by the
eells of other parts of the brain,
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Body wall and body cavities ; somatic and
visceral structures

The body wall or parietes encloses the great cavities,
abdomen and thorax, which are sl pamed pfter their
lining membranes s the punu:mr.:d and pleural spaces;
Em:ntul.!lh the bocdy wall is comiposed of the skeleton
with its attached muscles and connective tissues and the
overlying skin and fat : the parictal or somatic structures.

The caitres, with their smooth serous linmgs, contain
the internal, visceral or splanchnic organs : the hungs and
teart in the chest, intestines and other organs in the
abdomen. The viscera have developed in the embiryo
from the posterion body wall and sill retain this attach-
ment i the gdult, the lungs by their roots, the intestine
by It double-layered, fat-laden, supporting mesentery.
And we have alveady noted that the paristal skeletal
mscles arve under the control of the will, while those of
the viscera: function onconsciously and are largely inde-
pendent of the central nervous system,

The body covering : skin and fasciae

Skin.

The skin covers the body and 13 continuous with the
linings of the intemal canals at their various orifices, It
is highly elastic, and mobile on the deeper structures

t where tightly bound down on the salp, ears,
palms and oles, On its surface open the hair follicles,
sweat and sebiaceous glands; and it brown melanin pig-
ment i most developed on exposed sites and it the genital
and nipple areas. Tt contains the peripheral endings of
SCOSOCY. NCIVes, acts as an excretory agent through its
glands, and helps to regulate body temperare through
the mate of water loss by evaporation. Tt is alio pro-
tective, and is modified at certain sited o form the hair
and nails.
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Microscopically, the skin has two main rones.’ (1) The
superficial opidernmus, which vanes n tiuckness, greatest
i the palms and soles, -and ‘s permanently creased
opposite the flexures of joints. It has an outer horny
Inyer of dead or dying flattened cells being continually
shed as scales by Inction, and is continually renewed by
the growth of the germinative layer.

(i) The deeper dermit, or true skin, is a layer of
tough elastic and fibrous connective tissue intervenimg
between the epidermis and the subcutaneous fat; it is this
layer in animals whicli is conwverted into leather, Unlike
the epidermis it is highly vascular, and projects into the
deep aspect of the latter in Little bays or papille which
cantain the terminal capillary loops, and the end-bulbs of
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the sensory nerves which carry impressions of touch, pain,
heat and cold from the overying surface,  Although
the hair follicles, sweat and sehaceous glands actually lis
in the dermiz, they have developed by ingrowth from the
epidermis; so that the hairshafiz and the ducts of the
sweat glands traverse the latter to reach the surface.
The sebaceous glands open alongside the hairs to ensure
their lubrication.

The elastic tissue of the dermis is so0 a.rmnged a5 1o
produce definite planes of cleavage, w.n.'mg in direéction
in different parts of the body. Thus, in the anterior
abdeminal wall the natural skin cleavage is roughly
transverse so that an operative incision in this line is
under little tension and gapes only slightly; while a long-
itudinal incision at right angles to this 1z pulled open by
skin tension and s much more difficolt to close,

Fasclae,

Intervening between the skin and the muscles which
elathe the bones of thie skeleton are two important layers
of connective tissue, the superficial and the deep fascia.

The :uptrﬁcmf fascia, the ondinary subcutancous far,
15 a continuous sheet over the whole body and iz every.
where fatty, save at the eyelids and over the male
genitals. In one or twosites it contains muscle fibres such
as the muscles of facial expression and the dartos muscle
which corrugates the scrotum. Fat is more developed in
the abdomen, breast and buttocks, and thicker in women
than in men. It insulates the body, so retaining warmth;
and it also containg the cutaneous nerves and vessels on
their way to and from the skin.

Internal to the superficial fascia is the deep fascia, a
tough white fibrous sheet of membrane covering and par-
titioning the vanious muscles, and in close relation to
bones and ligaments, with attachment to the subcuta-
neous bony prominences  From its deep surface other
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sheets or septa extend inwards between the muscle groups;
forming sheaths for perves und vessels and compart-
anents for the viscers. In various situations it s modified
as restraining hands or retinaeula 1o hold down wendons;
as synovial sheaths to facilitate the smooth gliding of
tendons; and s bursg—smmple closed synovial sacs over
points-of friction and compression, as between skin arid
bony points, and between tendon and bonie.

The general arrangement of fasciae is seen most clearly
in the cross section of a lunb (fig. 50), Here we have in
succession, from without inwards : the skin; superficial
fasein; and the deep fascia enclosing the muscle masses of
the limb in a eontinuous restraining envelope, and send-
ing between them intermuscular septa which separate
the various groups and reach the bone,

Muscles, tendons, aponeuroses

We have already noted the three main types of muscle
tissuc—voluntary, mvoluntary and cardiac. Here we deal
only with the voluntary or skeletal muscle, the flesh of
the body, making up some 40 per cent. of its weight: and
divided into the avel muscles connected with trunk,
head and peck, and the appendicalar muscles of the
limbs. The separate fibres are bound in bundles by
connective tssue, and these in tur are bound into langer
hundles to compose the individual musele, with its sheath
derived from the deep faseid.

Attachmaents. Museles are uswilly attached o bope
or cartilage, sometimes to ligaments or ekin, and (hese
attachments are either directly by muscle fibres or by an
intervening tendon, asinew.or * leader,” a wugh inelastic
cord-like structure of white fibrous tissye. Most muscles
have a tendon at one or both ends; and wide fiat muscles
hive broad sheet-like tendon expamions or aponearoses,
#.g., those of the Aank abdomisial muscles, which extend
from lower rib to pelvis. When a muscle contracts
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one attachment temaing fixed—the origim—and the
other, the fnsertion, is moved towards it; and generally,
in the limbs, the origin 1 proximal and the insertion
distal, while in the trunk the origin is medial and the
insertion lateral. But origin and insertion are some-
times interchangeable with circumstances.  Thus, the
normal action of the pectoralis major, inserted into the
hiumerus, is to approsumate (adduct) the arm to the side
of the chest.  But, if the arm is fixed by gripping a table,
the same muscle can be used to pull on the ribs a1 its
ongin, expanding the thoracic cavity as an accessory
muscle of respimtion, an action commonly performed in
asthmatic attacks, when breathing becomes difficult,
Attachments are usually just distal to the joint moved,
e.g., the biceps into the upper radius just beyond the
elbow, an srmangement rather inefficient mechanically
but allowing great speed of action. A muscle may have
two or even three heads of origin (cf. the biceps and
triceps in the arm), but its insertion is nearly always
single. Tendinous attachments w0 bone produce a local
ridged elevation of bony substance, while direct muscular
insertion leaves the bone quite smooth. Occasionally
museles are attached to each other, usually a symmetrical
arrangement between a pair on opposite sides of the
midline: thus the Bbres of the mylohoids under the chin
criss-cross at a line of junction (called the median raphe)
while the aponeurotic fibres of the abdominal muscles
interlace in herrinz-bone fashion at the mid-line of the
abdommal wall, A few muscle; have two separite bellies
connected by an intermediate tendon, the object being a
redirection of pull secured by the binding down of the
tendon to s neighbouring bone by & band of deep fascia,
The form of a musele depends on the arrangement of
its fibres.  When these have a direct pull, the musele may
be fusiform (with a definite belly tapering above and
below), strap-like, quadrilateral or wriangular (fig. 13},

u-
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But more power is obtainable when the fibres are inserted
indirectly into tendinous prolongations within the muscle
substance, for then a greater concentration of short
efficient fibwes is possible, as in the unipennate; bipennate
and mulupennate arrangements shown,

Muscles are named mainly alter their attachments and
actions, e.g., the flexor pollicis langus—the long Rexor of

Quedrilateral

Strop-like Trtangular

Froe 13, Variatons in the form of mmoscles
and the arangement of  their Gbres

the thumb; cccasonally by shape, eg., pronator quad-
ratus, the square muscle pronating the forearm; or by
some other features, e.g., the quadnceps with four heads
of origite.  Muscles show considerable variatuon in their
exact anatomical arrangement, often having additional
slips of origin or being altogether absent, Their blood
supply is extremely rich, owing to the greatly increased
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demands for oxygen mude during eontraction,; and they
teceive hranclies fram one'or more nerves carrying two
kinds of nerve fibre—motor, carrying the stinmli to con-
uraction, and serisory, conveying to the brain the sense of

position and the degree of contraouon and wne which
are essential to co-ordipated [imetion,

Muscle contraction, tonus, posture

An dndlividual fibre contricts by some 5060 per cuut,
ol its fully-stretched Jength, and either contrdcts this
puaximal mnount or not ar all—the " all-or-tone™ Thaw
but pot all the fibres of W muscle necessarily act at the
same time, the proportion being dependent on the actual
work to be done. Muscle action moves the joinit or joinun
lying between the origin and insertion, and this s clear
enoigh when done agamet resistance or agairst the mere
weight of the limb, But even when s movement i
assistedd by gravity, as when the ann is dropped to the
side, there i o conlrolled relaxution, in this case of the
arn-lifting nuaseles, which is really o continuous readjust-
went of their degree of contraction, ie., *raloation
i an active process.  The ordinary contraction, which
approximates origin and insertion freely, is called Grotonic
simee the tension remains faarly constant throughout; if
the attachments are kopt separated by some resistance,
thee miuscle cannot shorten and its tension rises groatly,
in pomeleic contraction of constant length. And snce
test contrmetions are perfonmed against some degree of
resistance, they are taually at least partly Sometrie.

Living muscle is never completely relaxed except utides
cleep anmsthiean, but always in slight cotitraction called
tonus. The state of the fibres is best exprossed by the
apalogy of a pianist contnuousty nppling over the
notes of & piane ; some nows are always bemg struck a
a-wven moment but they are always changing, Tonus i
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esentiul to the muintenaice of postare, especially the
ercet posture of man, as it holds the body against the
collapsing strain of its own weight, particularly the feet
and legs, whose ligaments would be subject to enormous
defonming stresses if it were not for the constant guard-
mg tone of the surrounding muscles. And the spinal
colummn is not.a straight rod but a series of curves from
above downwards, the general shape being maintained
by the long spinal muscles which form the chords of these
arce. Esentially, postural reflexes in the erect position
are devoted o the preservation of an upright, forwarnd-
looking head; and & complex reeiprocal action of all the
muin groups of museles in calves, thighs, buttocks, spine
and neck exists to secure this end. Hence the necesity of
sensory nerve fibres from the muscles, telegraphing the
exact stawe of tension fronl moment to monient to the
central nervous: system,

Mauscle groups and movements

Museles are usually asociated n groups with the same
nerve supply, acting to perform common or related
actions. It 8 this movement, and not the individial
sruscle, thit i€ repiresented in the cerebral cortex as such,
and no individunl musele can be contracted by an et of
will. We try to lift our anmn, rol to contriet our delioid
(thoagh this i the muin muscle concerned) and a whole
host of associated muscles come into play, many of them
beyond: the fringe of consciousness: In its relation to u
particular movement an individual muscle may fill one
of the following roles :

(i} ‘the prime mogser; directly responsible for the actual
tnovenient ;

(i) the entagenidt, which is ecapable of causing the
reverse motion and therefore has 10 relax reciprocally us
the prime mover contracts, actively paying out just as
much slack as is necessary to let the lutter do its job;
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(iii) the fixators, associated muscles steadying the base
or fulcrum against which the prime mover acts, Thus
the head of the humerus is unstable i the shoulder
joint, and the deltoid muscle can only efficiently Lift up
the arm if the bone is held Armly against its socket by a
group of small muscles ansing from the scapula;

{iv) the gyrergin, which act by controlling an inter-
mediate joint so that the prime mover may act with
maximal efficiency. Thus the flexors of the fingers can
only produce a powerful grip while the wrist is bent back
(dorsiflexed) by the wrist extensors acting as synergists.
If this is not done, the finger flexors waste ther power in
bending the wrist forwards (palmarflexion) and there is
less force available to move the fingers. Try this for
yoursell,

And, of course, in connexion with dilfferent move-
ments the same muscle may play different parts.
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CARTILAGE AND BONE: THE SKELETON;
JOINTS

Cartilage 15 & conncctive tissue whose matrix has
become solidified, embedding little groups of dispersed
cartilage cells. It is non-vascuiar, gristly and casily cut;
and it s utilised where npdity and resiliency are needed
in combination, i.e; in the joint surfaces, the anterior
ends of the ribs, and in the framework of trachea and
bronchi, nose and ears.
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Fio. |4,  Cartilage cell

In the developing foctus the skeleton 13 entively cartla-
ginous at ane time, until this is largely replaced by bone.
This ossification process is initiated by the impregnation
of curtilare with calciiom lts, but calcification does not
normally occur n adilt cartilage except in senile degen-
eration, when it becomes hrittle. Becouse of is lack
of blood :supply, cartilage cannot repair itsell as such
after an injury, being replaced by fbrous sear tssue;
hence the dimbling effects on the smooth working of
joints of an injury to their aticulating surfaces.

48
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The main types of cartilage are : (i) the smooth clear
hyaline cartilage of joint surfaces; (i) the tough fibro-
cartilage, containing white fibrous tissue, found in the
intervertebral discs and in the plates or menisci which
project into eertain joints (e.g., the semilunar cartilages
of the knee): (iii) alastic cartilage in flapping structures
like the ear and epiglottis.

Bone
This is the liardest body tissue with the exception of
the teeth, an intimate blending of organic fibro-cellular
substance and inorganic mineral salts—calcium phosphate
and earhonate, magnesium and fluorides. The organic

-
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Fi. 15 Miesseople nruciure of bone
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part consists of fibrous tisne with numerous bone cells or
corpuscles (osfeoblaits), its ground substance impregnated
with mineral matter; it can be removed by buming,
leaving a brittle muneral skeleton, The faorganie matter
i easily dissolved by acid, and the decalcified bone retains
its shape but is perfectly flexible and can be bent or even
tied in knots.

Microscopically, the bone sulistance is arranged in
tayers or lamellie containing small clefts or Licune,
occupied in life by the osteoblasts whose processes ramify
around. The lamellz are arranged concentrically around
a central Haversian capal containing small vessels and
nerves; and the bone as a whole is composed of very
many stich Haversian systems, This is modified near the
surface of the shaft, where the lamelle are parallel and
there are no canalks,

The periosteum is a tough supporting brous mem-
brane surrounding the bone, and closely attached to it by
deep fibres penctrating its substance, Its outer layer s
purely supporting, but there are bone-forming cells on its
deep aspect responsible for inerease in girth of the bone
during growth. Bone receives its blood-vessels via the
periosteum so that its nutnition is largely dependent on
the latter's integrity; if it is stripped up by the formation
of pus beneath its infection, much of the bone shafi
wmay die.

The general functivns of bone include the framework
and support of the body; protection of mternal organs;
uttnchment for tendons and museles; and formetion of
the cells of the hlood in the bone marmow,

Types ol Bone

Ln gross appearance, there are four main types of bone.
(i) Long Bonas are those of the limbs, eg., the humerus
i the arm, femur in the thigh, They have a shaft which
i roughly cylindrical, but sometimes polygonal or tri-
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angular in section, and never quite straight; and two
expanded ends, sometones rounded off as o defimite head,
or widened into condylar masses. The bone ends. are
articular, take part in the adjacent joints, and covered
with smooth articulur cartilage to facilitate movement;
the two ends eopeerned in forming & joint are enclosed in
a common joinl capsule. Thus the periosteum covering
the shaft becomes continuous with the capsule at the end
of the bone (fig. 16(b)). The bone surface is dotted with
numercus tiny apertures (foramina) for itd blood-vessels,
with o larger nutrient foramen for the main artery near
the mid-shaft. The ends receive a double blood supply,
both from the main shaft and from neighbouring
vessels.

Cross-section of along bone shows the outer cortex of
bogy substance and the centeal medullary cavity. The
cortex has an outer portion of dense compact bone,
surrounding a looter meshwork of spongy or cancellous
bone; and at the ends, where the medullary cavity stops
after traversing the shaft, there is'a solid mass of «panyry
botic within a thin compaet shell (fig: 16{a]].

Fatty yellow marrow occupics the medullary cavity in
the aduit, and the interstices of the spongy bone at the
ends are filled with red marrow, responsible for the
formation of red and white blood corpuscles. At birth,
and in the early years of life, red marrow occupies the
whole shaft but retreats 1o the ends with growth; and
this process can be reversed in later life if anemia or
hemarrhage make extra demands on blood formation, so
that in chronic anmmia the shaftz of all the lkmes are
permanently ocoupied with red tmarrow working over-
titne,

(if) Short long-boner are simply long bones in minia-
ture, and are found in the hands and feer.

{iti) Shori bones are squat, cuboidal or irregular, come-
posed entirely of spongy bone with a thin compact shell.
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Fic, 16 [a), Crmsssction (4 Longinsdinal sectiin
of & lomg bane, of o long booe,

They occur in the wrist (¢erpus), the corresponding part
ol the foor {ferss) and in the vertehre,

{iv) Flat bones ure those of the skall, vaulr, ribs and
scapula (shoulder blade), They consist of two plates of
compact botie satdwiching a thin spongy layer; these
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layers in the skull are called the inner and outer tables,
with the diplpg between, Certain bones of the ' skull are
expanded by air-containing cavities replacing this spongy
layer—thie air sinuses.

Finally, sssamoid bones are tiny rounded masses found
in certain tendons at points of {riction; the largest is the
patella at the knee (knee-cap},

1 () fiit)

Fic. 17, Stages in demarcation: of the
Tattape Diviss or & ing lmb-Bud,

Development and growth of bone

In the developing embryo of a few weeks the central
core of the primitive gelatinous conmective tioue of the
limb-buds becomes trandormed into an axial rod of
cirtilage traversing the limbh  This rod u absorbed at
the sites of the future jomts, eg., the elbow and knee,
demarcating arm [rom [orearm and thigh from leg; and
split longitudinaily in 1wo in the disml segment as the
fore-runner of the paired radivs and ulna, or tibia and
fibula, With certain exceptions, the whole skeleton is
well formed in cartilage Ly the 6th weck, and at the
Tth week a eentre of osification develops in the mid-shalt
of each long bone. Bone cells appear, the matrix is
impregnated with caleium salts, and ossification spreads
up and down the shaft until at hirth the long bones are
entirely ossified except for their cartilaginous ends,

20208
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Epiphyses.

There now develops an arrangement, peculiar o
marmmals, allowing continuous growth in length during
the years preceding matnty. In the first vears of life
separate secondary centres of ossification appear in the
bane-ends, which ossify completely excopt for a thin
cartilige plate separating them from the main shaft. The
rounded end is called the epdphysis and the cartilaginous
plate the epiphyseal plate. This plate consist of longi-
tudinal columns of cartilsge cells reproducing themselves
continuouosly on the shaft side of the plaw, and as con-
tnbioudly turned into new bone which is pushed away
into the main shalt, enabling it to grow e length.
Meanwhile the epiphyseal plate retains its integrity, until
at maurity the epiphysis fuses with the shaft by ossifying
directly across the intervening cartilage—at 18-20 in
mien, 16-18 in- women, Durimg all this time, as we have
sten, the periosteum has been responsible for increase in
girth (fig. 18),

7-waek At Birth 21
Embryo .

Centre of
Osuification Completed

Fio. 1B Swusges 'in the ossification of a long bone.
Growing ends.
Though each end of a long bone is thus a growing end,
one. epiphysis appears earlier than the other and fuses
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later, and s responsible for the nuin shire in growth in
length. Tn the arm, these principal * growing points ™ are
at the shoulder end of the lnnerus and the wrist end of
rading and ulna; in the leg, at the knee end of all three
bones. It i for this reason that smputation through the
thigh gives rise to no trouble in & child, whereas in the
corresponding amputation through the upper arm the
humeris continues to grow from the shoulder and may
burst through the stomp unless its epiphysis 13 deliberately
destroyed surgically. Complete destruction of an epiphy-
sis causes cessation of growth and cormesponding stunting:;
partial destruction by injury or disease causes a distortion
of growth in which the limb tums away from the stil
aetive side,

A few bones, mainly those of the skull vault, mandible
and clavicle, are not pre-formed in cartilage as described
above, but are ossified directly in primitive membranous
tissise, and these membiranous bones have no epiphyses.

Factors controlling bone growth

There-is an intimate control of bone growth and of its
mineral metabolism by certin special glands, the endo-
crine glands; as well as by certain vituming of the food.
Excess secretion of the anterior lobe of the pituitary
gland in childhood so stitnulates epiphyseal growth as 1o
cause gigantism,; ite action in the adult i less deamatic,
but even here gross hypertrophy and thickening of the
skeleton occur, In congenital deficiency of the thyroid
gland (cretiniam) the reverse is the ecase, and stunting
accompanies the idiocy; the epiphyses are delayed in
appearance and still unfused in middle age. And infantile
rickets (due to lack of vitamin D) grossly distorts normal
osification and growth at the epiphyseal plates, with
resultam deformity,

There s a constant interchange-equilibrium between
the caleium phosphate of bone and the disolved calcium
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and phosphorus of the blood stream, This is regulared by
vitamin-D intake, shortage of which causes rickets in the
infant and skeletal rurefaction in the adult; and by the
activity of the purathyroid glands, whose overaction
tauses general sarefaction and cyst-formation in the
bones; with deformity und spontaneous [racture.

The strong Tard bones of the dried skeleton obscure
from us their essential plasticity during life, for thes
respond to normal and pathological stresses much a5 &
tree responds slowly but surely 1o the deforming influence
of wind and weather. The more work put on them,
the more they hypertrophy, particularly in response 1o
compresion stratn or muscular pull; and the internal
armangement of bone talecule is & purely mechanical
solution to the enginerring problems imposed on exch
bone. In view of this exact correspondence between final
shape and funetional needs, it is somewhat remarkabile to
find an inberent tendency to assume the exaet aiul
shape, even in a bone removed from (he growing embicyo
and left 1o develop wlone in an antificial culture mediuin.

Joints and Movements
Types of Jolnt.

The articulations between the bones vary considerably
in different parts of the skeleton in their mobility, and
some are quite immobile. Main types of articulution mre -

(1} Fibrous, Either as a tuture between the skull bones,
(. 20(h)) whese interlocking Irregularities are joined by
i thin fibrous strand, often obliterated by ossification in
old age; or betwren paired bones in the form of a broad
sheet of inierosseous membrane, e.g., radius and ulna.

fil) Caridlaginous. As in the thick fibro-cartlsginomes
cushion separating the two halves of the pelvis in the
front at the pubic symphysis, or intervening as an inter-
vertebiral dise hetween the constituent vertebrae of the
spinal eolumin,
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[iii) Synoctal joints which allow e movement |fig.
19).

In synovial joints: the bone ends are capped with
smooth artienlar cartilage and the joint cavity is enclosed
within the sleeve formed by the ¢aprule atched to the
two constituent bone ends This capsitle is Jined by

= R~ Copsule
Synovial
Membrane

Articular

Cartlloge

Fua 19, A Synoviad Jomt

synpvid membrane, which is reflected on to the bones
buy disappears at the periphery of the articular surface.
The' Highly suscular, fatty memlirane, with its wvillous
[ringed, secretes the lubricant synovial fliid which covers
the joint surfaces in a thin Al And any struciure
waversing the joint, such asa ligament or tendon pasang
through the capsule, carries an investing sheath of the
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synovial membrane. Nomally the joint space remains
anly potential and non-existent, as the cantilage surfaces
and soft tissues lie in contact under a negative pressure;
it becames a reality when the capsule is distended by
Huid effusion m inflammation, or if air s admitted by
wound or operation.

Ligaments of strong white fibrous tissue hold the bone
ends together; foremost of these is the mmn capsular
ligament, and in addition there may be localized bands
runmning in the capsule, snd sccessory ligaments fraversing
the joint cavity or guite outside the joint altogether
Tendons arising within a- joint obviously also function
as accessory liguments, eg., the long head of the biceps
in the shoulder.

In somme cases, complete or incomplete cartilage plates
or discs project into the joint cavity as partitions, attached

Fio. 20 {a). Symovial joint Fra. 20 (8.

partitioned by a canilage plate. Suture.
peripherally to the capsule; these occur at either end of
the clavicle, between the lower jaw and the skull {(tem-
poro-mandibular joint) and at the knee, the semilunar
cartilages so often tom in foothallers (fig. 20{a)).

Stabllity.
The general integrity and coaptation of joints are
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maintained by & number of factors, the most important
being the strength of the ligaments and the tone of sur-
rounding muscles, these are inter-related, as muscle tone
normally prevents a severe strain on the ligaments being
mare thin momentary. Grest mobility is essential at the
shoulder, so the capsule is lax, and the large humeral head
fits poorly into the shallow glenoid fossa of the scapula;
this inherent mstalility is overcome by having the ten-
dony of the small rotator muscles blend freely with the
capsitle so that the anatomical deficiency is compensated
by muscle guanding. This contrasts with the amrange-
ments a1 the hip where smability is of greater importance;
here the femoral head is deeply buried in the socket of
the acetabulum, and an intimate blending of the neigh-
bouring muscles with the eapsule is unnecessary,

Abduction
Flexian Extension ‘fﬂdduc;im
Exet. Abd
Flexion Adduction

Fra. 21, Movements of the ball.-and-socket joints of shoulder and nip.

Minor supportive f{actors are the mterlocking of the

bone ends, rarcly very secure in itself; and the cohesion
produced by outside atmospheric pressure

Yarleties of Synovial Joints,

Synovial jomts are further subdivided in virtue of the
shape of their bone ends and the movements possible
between them.

The simple plane joint between the small flat adjacent
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rm'fmnlurpal and tarsal bones allows minor gliding
motion oaly. The saddle joint is sell-explanatory, with
reciprocating saddle-shaped surfaces, the best example
between the thumb metacarpal and the corresponding
carpal bone. The Ainge joint is a common mechanism,
as in the elbow, ankle and fingers; here, one convex sur-
face s gripped within a deep cunua.viq.* ancl (the: very
strong collateral ligamenis on each side allow motion
round a transverse axis only.  On the other hand, the
capsule obwviously nceds to be very lax in front and
behind to allow full flexion and extension. The pivos

ey
ity "'—W"{-.a'

h-u--uq hu‘!':'uﬂ“' -{__,.:\

i 1:‘ &
i e ML g

Lutml Rmum Medial Retation

Fio: 1. Rotativa ai the shoulder.

joint s agam obwvious;, with a cylindrical bone end rotae-
ing inits long axis like a hinge within its socket, e g., the
head of the radius at the superior (proximal) radio-ulnar
jomt in pronation and mpinnl:mn of the forearm.

The ball-and-socket joint of shoulder and hip has the
most highly developed range of mation, with one sphe-
roidal and one concave surface moving on each other
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round an infinite number of possible axes Its main

movements arc best shown diagrammatically :
Flexion and extension in an antero-posterior plane;
abduction and adduction in a medio-lateral plane:
medial and lateral rotation on the long axis of the
limbs (not to be confused with pronation and supins-
tion of the forearm in the upper limb, where true
rotation ocesrs only at the shoulder joint); and -
cumduction in which thie limb describes the boundary
of & cone, in & combination of all the above,

The movements of joints are rarely as extensive as the
shape of the bone ends would seem to allow, e actunal
locking of the bones is only exceptionally a hmiting
factor, It is the soft parts that are usually responsible
for checking the range. as in the contact of the fromt
of arm and forearm in flexion of the elbow, and the
tension of the hamsering muscles at the back of the thigh
in limiting flexion of the hip.

Axial and appendicular skeleton : limb girdles

The skeleton as a whole is- divided into the central
axial portion of the head and trunk, and the periphieral
appendicular portion of the limb-bones. The axial skeleton
i made up of the skull, mandible (lower jaw), spine,
sternum (breast-bone) and 12 pairs of nbs; and there are
in addition the small hyoid bone in the upper part of the
neck beneath the floor of the mouth, and three tiny
ossicles in each middle-car cavity.

Limb Girdles. These are encircling arransements of
bones designed w conmect the shoulder and hip regions
to the central axial skeloton in such a way as t provide
a more or less firm basis of attachment for the corre-
sponding limb, while allowing a certain degree of
mobility. The two girdles differ somewhat in respect of
these two f{unctions. The srm does not have to bear
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weight and must allow the freest use to be made of the
hand; the shoulder girdle s correspondingly unstahle
and its main central connections are muscular rather
than bony, These conditions are reversed a1 the Lip,
where stability is essenual, and hiere the pelvic Lones
mike up a stout complete bony ring, firmly atuiched to
the spine behind (fig, 25).

Spine

Scapila

Shoulder Girdle Clavicle

Pelvie ‘Girdla
Fire. 35 The Limb Girdles.

In the diagrammatic sectivis of the two girdles, the
lollowing points will be noted. They are both based on
a circular model but the showulder girdle is very wide, and
it left open behind where the stapulse are only attached
to the spine by muscle, so that they can move freely on the
trunk.  Each half of the shoulder girdle i made up of
two banes—seapula and claviele—the latter a relatively
slender bone joining scapula to sternum, and responsille
for bearing a conside rabile part of the burden of thie hang-
ing arm. Hallway round the girdle on each side is the
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shallow glenoid fossa of the scapula, accommodating the
humeral head at the shoulder joint.

In the hip girdle, the bony ring is complete in front
and behind in a tight eirele.  Each half is composed of a
single pelvic (innominate) bone carrying a very deep
acetabular socket for the head of the femur at the hip
joint; and posteriotly the two pelvic bones are firmly
aitaclied to the spine, in this region the sacrum, at the
sacro-iliac joints.  The girdle is thus integrated with the
axial skeleton and does not permit of any accessory leg
movements other than those taking place at the hip itself.



CHAPTER ¥
THE ARM

Bones of the Upper Limb

Shoulder,

Tms rmegion is made up of the rounded shoulder-
cap, the prominence formed by the head of the humerus
and the overhangiug acromion process of the scapula; it
also includes the seapular region behind, over the shoulder
blade, the pectoral region or front of the upper part of
the chest below the clavicle, and the axils or armpit
intervening hetween the two, We have seen that the
shoulder-girdle is made up of seapula and clavicle, articu.
lating at the acromic-clavicular joint; and the medial
end of the clavicle articulates with the stermun at the
sterno-clavicular joint.

The scapula itsell consists of the main body or blade, u
thin triangular plate or bone carrying certain local eleva-
tions of processes. The body has superior, medial
{vertebral) and lateral (axillary) borders, with & superior
and inferior angle at either end of the medial border
But where the corresponding lateral angle would be
expected, at the junction of lateral and superior borders;
there is the expanded thickened mass of the head ol the
scapula, hollowed out on its lateral aspect to form the
shallow glenoid fossa. The deep (anterior) surface of the
bone s shightly concave and is applied to the backs
of the upper ribs; the superficial (posterior) surface
carries & prominent ridge, the spinous process, which nuns
up and out from its root on the medial border 1o end as 4
brond lozenge-shaped expansion, the acromion process,
overlying the shoulder joint, Lastly there is the short

4
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Inferior Angle
Fio. 26. Lefit scapuola, posterior aspect,

Lateral
Fro. 26. Ledt clavicl: fromm above.
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Inferior Angle

Fio, 27, Lelt scapuls, lateral view,
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stubby coracord process, shaped like a erook, ansing from
the superior border and also overhanging the joint, but
at a lower level and in front. It can be seen n fig. 27
how the acromion and coracoid tegether form a protec-
tive arch over the joint, the so-called secondary socket, an
additional sfeguard against upward displacement of the
humerus.

The clavicle is u long slender curved rod connecting
the acromion to the upper portion of the stermim, the
manubrium; it lies more or less horizontally, forming the
lower boundary of the neck at each side, the floar of a
space called the posterior wrinngle. (See also fig, 130.) It
two ends are somewhat expanded; and the shaft has a
rather fattencd S-shaped curve, so that the medial half
has a forward-bulging convexity which is reversed in the
lateral portion of the bone as it sweeps away and back
to reach the scapula,

Arm.

The humerus, the bone of the upper arm, articulates
with the scapula at the shoulder joint and with the fore-
arm bones:at the elbow; it is a long bone with a shaft and
two expanded ends. The upper or proximal end carries
the smooth rounded head, which is directed medially and
upwards; on the lateral aspect of this region, opposite the
head, are two prominences, the greater and lewser tubero-
tities, giving attachment to the small rotator muscles
which intimately surround the joint. It is the greater
tuberosity that forms the pomt of the shoulder heneath
the overhanging acromion. The tuberosities are separated
by the bicipital groove which carries the tendon of the
long head of the biceps from its origin within the joint, at
the upper border of the glenoid fossa, on its passage down
into the arm. The true anatomical neck of the humerus
is the nurrow stoip immediately encircling the head; the
junction of the shaft proper with the whole mass formed
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- Angromical Neek
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by head and tuberosities is the surgical neck, a comnmon
site for fractures,

The shaft is cylindrical in its upper portion, but the
lower third is tiangular in section. Halfway down, its
outer aspect 5 marked by the rough and elevated deltoid
tuberele, the insertion of the great deltoid muscle which
abducis the humerus from the side. And curving round
in spiral fashion from the back of the bone, just distal to
the tubercle, is the groove for the radial nerve as it passes
round to the front of the arm,

At the expanded lower end, the two prominences over-
hanging the elbow joint on each side are the medial and
lateral epicondyles, the former the more developed as it
s the origin of the strong flexor muscles of wrist and
fingers. The polished rounded projections downward
from the lower end of the shalt—the lateral capitulum

Fur 30,  Lowes encd of Jeft hismomus (a) anicrior, (b) posterior.
and medial trochlea—are the parts of the humerus con-
cerned in the elbow joint; and it will be seen that there
are hollowed out depressions in the bone just above them,
the radial and coroncid fossa in front and the olecranon
fossa posteriorly, which accommodate the bones of the
forearm in the extremes of flexion and extension of the
joint.
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Forearm,

The radius and ulng are the paired bones of the fore-
arm, articulating with each other at either extremity to
form the superior [proximal) and inferior (distal) radio-
ulnar jomts: and the lower end of the radius (but
not of the ulna) forms the wrist joint with the carpal
bones,

The uina is the larger and lies on the medial side; its
ghaft has a sharp subcutanesus border which can be felt
under the skin throughout the back of the foreanmn.  The
upper end carries the alecranon process behind, the point
of the elbow, which fits into the olecranon fossa of the
hurmierus; and the coronoid process in front, correspand-
ing to the coronoid fossa. These two processes are sep-
arated by the C-shaped trochlear notch which closely
embraces the trochlear process of the humerus; and just
below this on the outer aspect of the ulna is a notch to
nccommodate the head of the mdius.  The head of the
ulna is at its lower end. a munded knob seen at the inner
side of the back of the wrist, and carrying the small
pomted styloid process.

The radius is shorter than the wlna, lying on the lateral
side of the forearm, and its expanded ends are the other
way round, the larger end distal and the small head
proximal. The head i1s a smooth disc, hollowed out
above o receive the capitulum of the humerus; and it
fits within the circular embrace of the ring formed by the
radial notch of the ulna and the annular higament of the
elbow joint. It is within this ring that the head rotates
during the movements of pronation and supination (fz.
31a). The neck is a slight constriction immediately below
the head, and just below this on the inner side of the
upper shalt, is the bicipital tuberosity for the insertion of
the biceps. The lower end of the radius is very broad
and carries a styloid process which can be felt o lie
rather lower than the ulnar styloid; the back of the bone.
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here is grooved by the pasage of the extensor tendons of
the wrist and fingers.

Both forcarm bones have a sharp interosseous border
facing each other, and connected in life by the broad
sheet of interosseous membrane which Hes thie whole
length of the forearm and separates the anterior flexor

ent from the posterior extensor compartment
of the limb (fig. 31b}.

(a)

Head of Radius
At Elbow
(b) At Mid-Forearm
i Rodius
Ulna Interosseous
Membrane
Fro. 3], Cromsection of radis snd ulns st different levels,

Wrist and Hand.

The wrist or carpus is composed of 8 carpal bones,
small irregular cuboidal or rounded structures,
in two rows of four, a proximal and a distal. They are,
named from medial to Iateral sides ; proximal row—pisi-
form, tnguetrum, lunate, navicular; distal row—hamate,
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capitate, multangulum minor, multangulum major. They
interlock and are bound together hygl':'mg iniifrnmeum
ligaments, so that, though the movement at the joint
between any pair is small, the sum total of composite
mnge gives the wrist its flexibility,

Phalanges

Novicular Lunate

Fiz. 32, Bones of left hand, enterior aspect.

The skelcton of the hand imelf iz made up of the 5
metacarpal bones; each is a good example of a short long
bone, the miniature of a bone like the humerus, with a
shaft and expanded ends; The proximal base of each
articulates with a carpal bone at the carpo-metacarpal
joint, and the rounded distal head, which forms the
l'_"



74 ANATOMY

prominence of the knuckle, makes up the metacarpo-
phalangeal joint with the proximal phalanx of the
corresponding finger.

The fingers contain three phalanges, articulating at the
two (proxumal and distal) inter-phalangeal joints. ‘These
phalanges—proximal, intermediate and tenminal—are
also short long bones; each has a proximal base, and a
distal end formed by two rounded condyles making a
hinge joint with the base of the phalanx in front. And
at the end of the finger the tip of the terminal phalanx
ends in an expanded bony tuft which supports the nail
and nail-bed. Tt should be noted that the phalanges amc
rather concave on their anterior (palmar) surfaces; this is
because they form the floor of a tunnel roofed by fibrous
tissue throngh which the flesor tendons of the fingers
glide n their synovial sheaths,

The thumb is considerably specialized, so that its
skeleton differs considerably from that of the other digits.
The metacarpal is short and slight and does not lie
parallel to the others, but set freely away from the band
so that it ean be opened to the fingers. And there are
only two broad phalanges

The joints of the Arm and their movements

Clayicular Joints.

The acromio-clavicular and stermo-clavicular jointy at
gither end of the claviele are simple plane joints allowing
only a limited range of gliding movement; they each
contain in their svnovial cavity a projecting fibrocartilage
dise or meniscus. And they are Important mainly
as accessories 1o the complete mnge of shoulder move-
ment, which they complement. The inner is much more
stahle than the outer, which is easily dislocated by a fall
on the arm, the outer end of the clavicle riding up over
the upper surface of the acromion.
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Shoulder Jolnt,

This, as we have seen, is designed for mobility at the
expense af stability, and the articulating surfaces are far
from congruous. The lurge rounded humeral head, about
half of a spherical surface, does not fit well into the

Capsule
of Jalnt

Pectorolis Major
Tendon

Humerus —

Fyo. 38, Lefy shioulder joint, seen from in frone.  Note the lovee
capmule and the emerging tendon of the long head of biceps.
shallow glennid fossa of the scapula, only one ninth of a
sphere, But m life the socket 13 deepencd by a fbro-
cartilaginous rim, the ;;Ifnnld fabrum. The joint capsule
i attached ruum:! the margins of the glenoid and the
humeral head as a rather lax sleeve hanging down in a
fold on the wferor aspect of the joint; this laxity is
necesgary if enough slack is to be present 1w allow the

arm to be lifted freely from the side,
The esential instability 5 compensated i various



76 ANATOMY

ways. Several thickened bands running in the substance
of the capsule form accessory ligaments; and the tendon
of the long head of the biceps onginates within the joint
from the upper pole of the gltnoid fosst, traveniing the
cavity through a synovial sheath to emerge in the upper
part of the hicipital groove between the two tuberosities
In its passage it functions as a ligament. But the main
supporting factor s the intimate blending with the cap-
sule of the tendons of the four small rotator muscles
arismg from the scapula, as they pass to their insertion

Greater
Tuberosity

Biceps
Tendon

Humeris

Fio, 84. The shoulder joint, longitudizal scction. N
dependent fld of m;r::?tl' ih;lﬂlfl":uwlht T:::p:“::;lt{;
traveniing the joint cavity.
on the tuberosities. These muscles are the supraspinatus,
infraspinatus, teres minor and subscapulars - And these
muscles which actually move the joint are thereflore, at
the same time, guarding against displacement by tighten-
ing up the capsule and holding the humeral head firmly
against the glenaid. Even so, dislocation is comman,
the head passing off the glenoid to lie anteriorly under
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the coracoid process. This is the common sib-coracoid
dislocation; but the head may be displaced vertically
dowrnward below the glenoid, or backward beneith the
spine of the scapula,

The mopements of the shoulder are :

(i) Abduction and adduction, In abduction, the
wrm is lifed awsay from the side in the coronal plane
by the deltoid muscle: the reverse movement of addue-
tion is effected by gravity, or actively by the pecroralis
major muscle i front of the chest, and by the latis-
sinus dorsi and teres major behind (fig. 21),

(i) Flsxton and extenion, which oceur in the sagit-
tal plane, through & combination of muscles (fig. 21),

(i) Rotation, produced by the sinall rotators, aris-
ing from the scapuls (fig. 22); it i laeral or medial.

(iv) Finally, ereumduction—a combination of all
these, 4 swinging motion of the outstretched arm.

What muakes thise moveinents more complex, particu-
larly sbduction, is that they do not occur afone but in
association with movement of the scapula; for this bone
can be rotated on the trunk by the large flat triangular
trapezius muscle of the back, arising from the spine. The
arm can be shducted throagh 180° but only half of this
is troe shoulder motion, the rest being produced by
scapular rotation. Both movements occur in simultaneous
co-ordination from the outset, and at the same time the
outer end of the claviele rises und there s gliding move-
ment st both clavicular joints (fg. 35),

Elbow Joint.

This comprises three ariculations: the true elbow
hinge joint between the trochlear process of the humerus
and the corresponding notch of the ulna; the shallow
articulation of the radial head and the humeral capitu-
lum; and, inferiorly, the proximal radio-ulnar joint whose
synovial eavity is continuous with that of the others.

As in all hinge joints, the collateral higaments at the
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First Stage
Deltoid moves
Humerus,
Pectorolis reloxes

Pectoralis Major
Front

Second Stoge
Tropezius rototes
Scopula

Fm. 35, in abduction of the left shembder joli,
(a) nmierior,  (4) posterior, “These theges sre not as distiney
s the figure for humers and sapuls both move
from the outset, former mare at the beginning and the

lutter more at the end of movement.

sides mre. very strong and these, with the deep interlock-
ing of humeral and ulnar surfaces, allow only Aexion and
extension to occur. To facilitate these the anterior and
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posterior portions of the capsule are so lax as to be easily
stretched in the full exuemes of ange. When the elbow
is fully extended, arm and forearm are not in line but at
an angle of 5-10°, the carrying angle, larger in women
than in men, which disappears as the joint is flexed.
Flexion is produced by the biceps and brachialis muscles,

Fio. 36, Medial aspect of Jeft efbow join  (Afier Groy).

the superficial and deep muscles of the anterior compart-
ment of the arm; it is checked by the contact of the soft
tissues of arm and forearm before the coroneid process of
the ulna has settled very far into the corresponding fossa
of the humerus. Extension, which usually goes a few
degrees beyond the straight position, is produced by
the triceps. at the back of the arm; and checked by the
fitting of the olecranon process inte its humeral fosa.
The triceps tendon blends elosely with, and strengthens,
the back of the elbow joint capsule.

We have seen that the proximal radio-ulnar joint is
formed by the round head of the radius rotating like a
pivot in the circular embrace formed by the radial notch
of the ulna and the annular ligament of the joint (figs.
31, 36). Although its movements are distinct, its syno-
vial cavity is freely continuous with that of the elbow
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joint proper and infectious processes spread easily from
one to the other,

Pronation and mipinafion are the names of the rotary
movernents of the forcanm responsible for twisting the
pilm of the hand forwards and buckwards. In this move-
ment the ulna remains stationury while the radius
rotates round it, moving at both rudic-ulpar joints and

Humerus

Copsule

Orbicular
Ligament

Bleipital
Tuberosity

s Radius

Fio. 37, Elbow joint, Jongimudinal section.  (Adter Grap).

along the axis of the interosseous membrane connecting
the two bones. At the inferior mdio-ulnar joint the
relations of the two bones are just the oppodte of the
condition at their upper ends, the small rounded ulnar
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mut-

Fio. M, Muscls responsible for flexion
and extensinn of the elbow.

Fepagtion Sapisation

Fio. 3%, ‘Prooation aod aginmtion,

fal  Mote the * errying angle ™ in the supine

penitio. () “The movenent of the
hiead fitting into an ulnar notch on the broad radial
expamsion. In addition, the bones are connected by a
triangular cartilage plate with its apex fixed to the ulnar
styloid process. The apex of this triangle is the lower end
of the axis of pronation-supination, the upper being the
centre of the head of the radius; and the disc completely.
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shuts off the lower end of the ulna from the wrist joint
proper, the mdio-carpal articulation.
Joints of Weist and Hand.

The wrist-joint is formed between the proximal row of
carpal bones (navicular, lunate, triquetriun) and the com-
posite surfice made up by the distal end of the mdius
plus its cartilage plate fixed to the ulna. It is a modified
hinge joint with strong ulnar and radial collateral
ligaments, whose main movements are flexion (palmar-
flexion) and extension (dors-flexion). But in addition
there is movement of the whole wrist and hand to either
side, abduction and adduction—ulnar and radial devia
tion—and the nomaal position for a strong grip is in slight
adduetion, not in exact line with the foreanm,

There wre nunerous small carpal joints between the
individual bones of the carpus, which are bound together
Ly short interosseous ligaments, the whale forming a
complicated synovial cavity continuous with the wrist-
Joint proximally and the carpo-metucarpal joints distally,
where the mistacarpil bases articolite with the distal row
of carpal bones. Little motion occurs at these latier
joints, except at the specialized saddle joint between the
thumb metacarpal and the multangulum major. Here
motion is very free and its principal components are ;

(1) adduction vo the side of the hand and abduciion
away from it, in the plane of the paln;

(il} movement in a plane at right angles to the palm,
palmar abduction and adduction;

(i) the characteristic human movement of opposi-
tion in which the thumb is carmed across the palm
and its up opposed to that of another digit in grasping.
Note that this is.a complex motion in which the meta-

carpal rotates on its long axis so that the thumbnail faces
forwards instead of outwards (fig. 40).

The metacarpo-phalangeal joints between the heads of

the metacarpals and the bases of the phalanges are again
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modified hinge joints with strong collateral Ligaments on
each side and only a locse dorsal and palinar capsule.
The main movements are flexion into the palm, and
extension backwirds, and usually there is some 10-15°

Fio, 41.  Abdurtion and adduction of the fingers

of hyperextension behind the plane of the palm. In
addition, there are side-to-side movements known as
adduction and alsduction, based on the relation to the
axis through the mddle finger, abduction being away
from this: centre- and adduction towards it. The middle
finger itself is abducted whether it moves laterally or
medially,

The small inter-phalangeal joints allow fexion and
extension only,
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Surface anatomy of the Arm.

Now that the bony framework of the limb has been
reviewed, some aspects of the surface anatomy may be
comsidered. Inspecting and palpating the anterior arpect
of the arm, the following features are noted from above
downwarls.

At the choulder, the clavicle is seen under the skin, the
acromion process and the upper end of the humerus give
the general rounded contour, and the coracoid process
can be felt by deep pressure in the hollow under the outer
end of the clavicle. The great bulee of the delioid
muscle is obvions, clothing the lateral aspect of the jomi;
and the pectoral muscles appear when the arm is
addicted against resistance.

In the arm, there is the bulge of the biceps.

At the elbow, the prominences of the medial and
lateral epicondyles are visible and palpabile on either side,
particularly the former, and the biceps belly fades away
into its tendon which can be felt as it crosses the elbow
hollow, the ante-cubital fossa,

In the forearm, the general muscular bulge of the flexors
of the wrist and fingers fades into the visible or palpable
tendons of these puscies just above the wrist; and on each
side of the latter joint are felt the stylowd processes of
radius and ulna, the former at a slightly lower level

In the hand, the anterior (pulmar) aspect consists of
the central palm proper with & musculir eminence on
cither side. The larger laterul thenar eminence, the ball of
the thumb, is made up of the short muscles of that digit,
und the shallower hypotheng: eminence on the medial
side covers the corresponding muscles of the little finger.
The three main palmare creases wre fairly constant, and
it should be noted that the line of the webs between the
fingers as seen from the front is not opposite the meta-
carpo-phalangeal joints, te, the knuckles behind, bur
lies &.goad inch maore distally,
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Uira

Fio, 42, Surface urkinggs Fio 43, The wame. Anterior.

of importan vessely amd

nerivs of the lefi arm.

Poaterior.

Running down the posterior aspect of the limb in the
saine way, we note at the shotilder the subcutaneois
spine of the scapula ending in the overhanging acromion
process, and again the bulge of the deltoid. The muscle
mass at the back of the arm is the tnceps; and the same
bony points are noted at the elbow, with the addition of
the olecranon process of the ulna forming the point of
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the elbow midway between the epicondyles. In the fore-
arm the bellies of various extensor muscles of wrist and
fingers can he seen or felt; and at the wrist the head of
the ulna is prominent on the medial side of the dorsum.
On the back of the hand the knuckles mark the meta-
carpal heads, and the extensor tendons are seen when
their muscles contract,

The surface markings of certain underlying nerves and
vestely are indicated in figs, 42 and 43, The only nerves
which are reully superficial and easily felt are the ulnar
nerve in its groove behind the medial humeral epicon-
dyle at the elbow ind can be rolled 1o give the familinr
tingling in forearm and liule finger; and the median
perve at the front of the wrist. Both are very vulnemble
to penetrating imjury at these sites. The main arteries are
also fairly deep except at the wrist, where the radial and
ulnar vessels can be felt pulsating on either side under
the skin; and it is often possible to see the beating of
the superficial arterial arch in the paln.

The subcutancons stroctures of the Arm

Fig. 44 shows the flayed arm, divested of skin and
superficial fascia. They demonstrate how the deep fascia
forms a contirnuous sheath for the deep structures of the
limb, and it can be seen that 4 network of veins and
clitaneois nerves ramifies between skin and deep fascin,
branches which all wltimately penctrate the fascin to
joint their parent vessels or nerves, The venous network
in hand and forearm is complex but is gathered up in
two main channels in the arm, the cephalic vein running
up the lateral side of the biceps to the shoulder, and the
basilic vein on the medial side piercing the fascia halfway
up the arm to run alongside the brachial artery,

There is a subentancous burse over the olecranon pro-
cess, separating it from the skin.
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Sheath of
Deep Fosclo

Cephalic
Vein

Basilic
Yein

Yenous
Network

Fro. 4. The flayed arm, showing the
muhcutaneous structures. Anterior.
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The muscle groups of the Arm

Shoulder. The deltoid muscle on the outer side over-
laps the front and back of the limb, lying in the same
plane as the pectoralic major which passes from the
clavicle and upper nibs to its insertion in the upper
humerus. The deltoid abducts the arm, the pectoralis
adducts it 1o the side; and adduction is alw performed
by the teres major and latitsmus dorsi posteriorly, the
Lutter being one of the great muscles of the back which
arizes from the spinal column (g 115). Lying very
deeply, and arising from the scapula, are the short
rotators of the humerus, inserted into the tuberosities
under cover of the deltoid; their actions in rotating the
bone laterally or medially are sufficiently clearly demon-
strated in figs. 47-49.

Upper Arm. This is seen in cross-section ta be divided
into anterior and posterior muscular compartments. by
the humerus jiself, with a lateral and medial intermus-
cular septum of deep fascia attached to each side of the
hone (fig. 50) The anterior (flexor) compariment con-
tains those muscles fexing the elbow, the biceps super-
ficially and the brachialis nearer the bone. The biceps
has two heads of origin, a long tendon arising within the
shoulder joint and a short one from the tip of the cora:
coid process; they join to form the mam belly, from
which the tendon of insertion issues just above the elbow
to reach the bicipital tuberosity of the radius. In-addition
to its flexing action, the biceps 15 also the most powerful
supinator muscle of the forearm owing to the fact that it
is inserted near the back of the mdius and can rotate jt
on its long axis; it is essential in powerful supinating
actions like the use of a corkscrew or screw-driver, The
underlying brachialis arises from, and clothes, the front
of the bumerus and is a simple elbow flexor, inserted mto
the coronoid process of the ulna.



Flexor Tendons
of Wrist and

Fingers
Short Thumb (Thenat
Short 5th Muscles Eminence)
Finger Muacies
(Hype-Thenar
Eminence)

Fio. 45. Muscles of the left upper limb, Anterior &spect.
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Fio. 46, Muscles of the left upper limb.  Powterinr aspect.
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At the back of the arm, in the extensor compartment,
the triceps arises by three museular heads, two from the
humerus and one from the scapula below the glenoid.
The tendon of insertion goes into the olecranon process
of the ulna, but some fibres are also attached o the back
of the joint capsule, and by pulling it out of the way save
it from being nipped as the joint is extended.

Forearm. This is similarly divided into flexor and
extensor compartments by means of the interoseous
membrune between radius and ulna, and each com-
partment contains a complex group of muscies wath an
associated nerve-trunk,

In the flexor compartment are a superficial and a deep
group of muscles lying in two planes, with the median
nerve, which supplies them, running between the layers.
The superficial group arises from a common flexor origin
on the medial humeral epicondyle. It includes the pro-
nator teres, the main pronator muscle of the forearm,
inserted into the middle of the radius; the superficial
Aexors of the fingers: and the Aexors of the wrist joint.
The deep group arises from the forearm bones and inter-
osseous membrane and includes. the deep flexors of the
fingers and the long Aexor of the thumb, And the lateral
muscular boundary of the front of the forearm is the
brachioradialis, which passes from the lateral humeral
epicondyle to be inserted into the lower radius, acting
alternately as pronator and supinator. All these flexor
bellies becomne tendinous an inch or two above the wrist,
and those tendons destined for the fingers pass into the
hand in company with the median nerve under a trans-
verse ligament spanning the arch of the carpal bones, an
arrangement known as the carpal tunnel (fg. 52). It
will be seen that each finger, but not the thumb, has two
long flexor tendons, & superficial and a deep; and the
arrangement of these in the hand will be studied Liter.

The extenior forearm compartment is again arranged
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Fia. 47, Crom-scction of scapuls and head of humerus 10
show action of thort rotator muscler
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in superficial and desp layers of muscles; and, just ax
the superficial flexor group arises from the front of the
medinl epicondyle; so the supérficial extensor group aries
from the back of the lateral epicondyle. And just as the
principal nerve of the flexor compartment is the median,

L lggas Cmeogerna

Meren te By
and Breshalis

Brooiug] —ply Sl Ergrteeln
Arpery L I e
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Saperflcal —

Merer and Vs

Trigige Tesdos
Fiz, 50, Crosessction of the uppes ann near the elbow,
@ the main nerve @t the back is the radial. The main
ETOuls 1'11L exiensor muscles are :
(i) the extensors of the wrist joint;
(i) the extensors of the fingers (only one tendon to
each Anger, except the index iind fifth, which have twe);
(ill} the extensors of the joints of the thumb.

All these tendomd are bound down by a restraiming
band. of deep fascia at the wrist to prevent them from
bowstringing backwards when their muscles contract,
The blood vessels of the Arm.

The mun artery to; the upper limb begins in the neck
as the suhclovian, On the right this is a branch from the
great innominate artery, On the left it arises directly
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from the arch of the aora in the chest. (Plates 9, 10.)

As the vessel passes out through the axills to reach
the arm, it is known as the axillary artery, and in the
upper arm proper as the brachial, Here it lies on the
medial side of the biceps with its companion vein, in
close relution to the median and ulnar nerves. At the
elbow the Lirachial divides into rudial and ulnar branches
which course down the corresponding sides of the fore-
arm; at the wrist the ulnar artery continues into the
palm, while the radial turns round on to the back of the
carpus. In the palm there are two arterial arches or
arcades formed between branches of the two vessels;
from these arches the digital arteries to the fingers are
given off. A less important dorsal arterial arch s formed
on the back of the carpus by the radial vessel alone, with
twigs to the fingers. (Plate 2.)

The veins are less clear<cut in their peripheral arrange-
ment than the arteries, forming a diffuse subcutaneous
network in hand and forearm; but the main lateral
(cephalic) and medial (basilic) channels emerge at the
elbow, The cephalic runs up to the shoulder before it
dives under the clavicle 1o join the subclavian vein; the
basilic vein runs alongside the brachial artery to the
axilla, where it continues as the axillary wvein and
ultimately as the subclavian in the neck (fig. 44).

The fine lymphatic vessels are arranged in a super-
ficial network corrmponding to the venous pattem; and
the muin lymphatic trunks of the limb are gathered up
10 run with the brachial artery, entering the main group
of lymph glands of the arm in the wallary space. There
it a smnll gland-station halfway up the arm, just in front
of the medial epicondyle, the epitrochlear gland (fig. 8.
The neryves of the Arm. {Figs. 42, 43. Plawes 1, 10.)

Thie nerves of the limb are the ultimate branches of a
complex brachial plexus of spinal nerve-roots situsted in
the lower neck, behind the clavicle, and in the axilla



THE ARM a5

From this plexus emerge the main perve trunks of the
ann—median, radial and ulnar—which are grouped
closely around the axillary vessels in the lower part of
the axilla.

The radial nerve soon Tuns round to the back of the
upper arm, passing spirally round the humerus close to
the bone in its rudisl groove, to re-emerze anteriorly just
above the elbow in the fold between the biceps and the
brachio-rudialis muoseles. It then winds back round the

neck of the radius to Become the main nerve of the
Fiexw Compartment, frast

mhmﬂ- Exvwmaer Compartment, Boed

Fm, 51. Cros-section of rght foreaom, viewed from abane.

extensor compartment of the forearm. It is mainly a
motor nerve, supplying the triceps, brachioradialis, and
extensors of wrist, thumb and fGngers; bt it haz a small
sensory supply to the skin on the back of the hand
between thumb and index; and w the outer side of the
forearm, and this superficial branch runs with the radial
artery in the flexor compartment.

The median nerve passes down the arm in company
with the brachial artery, and lies in the forearm between
the superficial and deep planes of flexor muscles in the
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anterior compartment. 1t supplies most of the forearm
Hnmrgmup,andrntcnthepuhnhypas:inﬁunﬁiﬂtﬂic
irunsverse carpal ligament with the Rexor tendons of the
fingers. In the hand it gives an important branch 1o the
small thumb muscles in the thenar eminence, and sensory
branches which accompany the digital arteries to the
fingers, supplying the skin of the thumb, index, middie
and lateral half of the ring finger on their antegior
aspects,  (Plate 2)

e tlnar nerve dlso uns with the brachial artery in
the arm, but enters the forearm separately by passing
pehind the medial epicondyle in the ulnar groove. Ii
riss on the inner side of the flexor compartment with
the ulnar arery, enters the hand wiperficial to the trans-
verse carpal lignment, and supplies ull the simall mirnsic
hand muscles responsible for the fine co-ordinated move

Median Naerew

Fig, 52 Crossection ol wWrin to abow . the
fexor tendoms in the carpal tinael,
ments of the fingers. It aléo supplies sensation to the
fifth and inner half of the ring fingers, on front and back.

The Hand.

The main palmar space of the hand is bounded by the
therar and hypothenar emmences on each side: its floor
i« the skin of the palm, and its roof the metacarpal bones
Through it pass the flexor tendons on their way 10 the
fingers; and in it lie the arteriad arches of the ulnar artery
with their digital branches ta the fingers, and the dcconi-
panying digital branches of the median and ulnar nerves.
Lying between the metacarpals and arising from them
are the interossed, the small intrinsic muscles of the hand
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their tendons wind round the metacarpal necks to be
inserted into the extensor tendon expansion on the back
of the proximal phalanges; and they abduct and adduct
the fingers as well as performing certain charactenistically
human movements descnbed below.,

The dorsum of the hand & comsiderably simpler, a
shallow space between the skin and the backs of the
metacarpals traversed by the extensor tendons of the
Rngers.

In the fingers, the arrangetnent of the flexor tetidosns

Fio. 51. The interoscous muscles of the hand.

it complex. Each digir, save the thumb, hoas two flexars,
superficial and deep, which ure inserted into the phalanges
as shown in hg. 54, the diep tendon on its way to the
terminud phalanx splitting thee other in two. The tendons
are facilitated in their glichng by being enclosed in-a
srnooth, double-layered . synopial sheath ; and each sheath
in turn is enclosed in a fibrous tunnel which i attached
to the phalanges on each side. The general arrangements
v
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of these sheaths is shown in fig. 55, and it will be seen
that ench is separate except that of the little finger,
which runs down into the palin to expand into a4 general
sheath for all the tendons passing through the carpal
tunnel. Because of this conpexion, infections of the little
finger are more dangerous than those of other digits,
as they may spread along the sheath into the hand and
forearm mstead of remaining confined to the finger.

On the dorsum, the arrangement of extensor tendons is

Ext.
Deep Flexor
Decep
Slips of Flexar - Tendon
Extensor e
g Suprrﬁciul
Sup. Flexor Tendon
|P Flexor

Back of Finger . Front of Finger
Side View

Fio, 5. Tendon arrsogrments in an individusl fmger,

much simpler; there is a common synovial sheath as they
pass over the wrist, but the individual tendons of the
fingers are without sheaths: Fig. 54 indicates how the
wendon of each finger splits up as it i inserted ; note the
broad extensor expansion which strengthens the back of
the capsule of the metacarpo-phalangeal joint, the expan-
sion which is also the insertion of the intrinsit muscles.

The main features of the nails are sufficiently indicated
in fig. 57
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Funetion of the Hand,

In the lower animals the digits are used purely for the
erudest’ of gripping purposes, the bmportant muscles
being the long flexors and extensors which alternately
contract and relax their hold on an object (fg. 58(a) (b))

Man retains this power, but has also developed a fine
co-ordinated action of the fingers in themselves as distinct

4 Shor Sth Finger
{Hypathenar)

Muscles
Short Thumb 3 ] 6 5
{Thenar} Muscles ' ; ormmon Symovial
. s I < Sheoth for
Finger Flesors
Tramverse
Ligament spanning

Carpol Tunned

Fio, 55. Flexor tendons and their sheails in wrist and haond.
[ Afver Gy},
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Thumb
Extensors

Comman E
Synovial Sheath

Restraining
Strap ot Wrist

Fuz. 56, Extensor rendons arl their sheathe in wrist amd hand.
(After Gray).
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from the forearm muscles, This activity bas been
developed by the evolution of the local intrinsic muscles,
confined to the hand, which are required for writing and
the use of delicate tools. Their essential action is the
adopuion of the writing position in the fingers and of the

Fiz. 57.  The fingrenail grows forwanl
from the pail-bed at in root
opposition of the thumb to them in a fine grip. This
the small muscles achisve by fexing the metacarpo.
phalangeal joints and then extending the inter-phalangeal
joints by pulling on the distil stub of the long extensor
tendom [fig. 58(c)).

Faner
Fendan

(s}

Frn 58, (a) and (8) eride movementa, and () fine e of the finger.



CHAFTER V1
TIIE LEG

Bones of the Lower Limb

Innominate Bone.

Tue general armangement of the pelvic girdle has
already been indicated at p, 61. Each hall of the pelvie
ring is made up of one innominate or hip-bone. The
two bones articulate with each other in the midline
anteriorly at the pubic symphysis, the bony prominence
felt just above the external genitalia Behind, each
innominate bone articulates with the sacral portion of the
spine at the sacro-iliac joint, a strong irregular junction
allowing very little motion,

The innominate bone itself combines the functions of
a proximal support for the limbs and an attachment for
the limb-muscles, with those of a bony contaimer for the
pelvic orfgans; the latter aspect is considered in Chapter
VIL Here, we necd only note that it consists of three
main portions—ilium, ischium and pubis—all centred on
the acetabulum, the socket for the femoral head.

The thium is a bmoad, farnng sheet of bone, whose
upper border is the iliac crest which is felt in putting the
hantd an the hip; and this crest has an anterior and a
posterior spine at either end.

The puliy has a superior and an inferior strut or
ramus, the two rami enclosing a [arge gap in the bone,
the obturator foramen; on the superior mmus is a linde
knob, the pubic tubercle, which can be felt at the inner
end of the fold of the groin

The ischium is the dependent portion of the pelvis,
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carrying the broad ischial tuberosity which takes the
body-weight in sitting.

The acetabular socket of the hip joint is a deep cavity
in the centre of the external aspect of the bone, with an
encircling upstanding rim shaped like a horse-shoe,
deficient at the acetabular notch in front and below.

In life there are important ligamentous and muscular
attachments to the innominate bone. The anterior spine
of the ilium and the pubic tubercle are spanned in &
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straight line by the ipuinal ligament of the groin, an
importint structure separabing  thigh from  abidomen,
under which the great vessels and nerves pass into the
limb from the trunk. The obturator foramen is bridged
across by the obturator membrane, piereed by nerve-
twigs and small vessels; and the acetabular notch s
crossed by the transoerse ligament. The broad outer
surface of the ilium i the orgin of the ghiteal museles
of the buttock ; the schitn, of the hamstring muscles of
the back of the thigh; and the pubis, of the adductor
muscles which bring the leg in towards the midline.

Femur,

This bone hasa long eyvlindrical shaft, with a norml
slight outward and forward bowing which is grossly
exaggerated by the effect of body weight in diseases
which soften the skeleton. Av its upper end the well-
rounded head, some two-thirds of a complete sphese,
s set well off the shaft at a fairly commant angle of

some 130" by the long stout neck. And at the base of
thi: neck are the two lrochaniers, both rather more
obwious on the posterior aspect of the bone, the great
trochanter lierally, the small trochanter medially.. The
neck acts as o lever for the muscles avtached at its base,
so that the relative restriction of motion which is the
price of security ut the hip as compared with the shoulder
is compensated by an increase in the mechanical advan-
tage of its surrounding museles, The neck jseli is ata
constant mechanical disadvantage under the stress of
body weight, and its angle with the shaft is diminished by
softening disease or by fraciures,

The shalt is thickly clothed by muscles, many of which
gain an attachment Lo the great bony ridge running down
the length of its posterior aspect—the linea aspera; not
far below the neck, the postenior surface is marked by the
gluteal tuberosity, the insertion of the great gluteus
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maximus muscle of the buttock. A few inchies above the
knee, the shaft expands in tnangular fashion, ending in
two massive condyles, lateral and medial, separated by a
deep intercondylar notch; the medial is the more promi-
nent and is set at a slight angle to the line of the shalt,
as seen from below (fig. 62). The lower end of the femur
has a smooth surface above the condyles in front for
articulation with the patella; and a broad trigone or
popliteal surface posteriorly facing back into the popliteal
fossa, the hollow at the back of the knee. There is a
small epicondyle on the free surface of each condyle; and
the adductor tubercle at the summit of the medial con-
dyle is the Jowest attachment of the adductor group of

Outer

Fro. 62, Condyles of left femus, end-on view,

The patella or knee-cap is a sesamoid bone, i.e., one
situated entirely within tendon, in this case the tendon
of the great quadriceps muscle which lies in front of the
thigh and extends the knee joint. The bone is roughly
triangular, apex downwards, has an upper and lower pole
and anterior and posterior surfaces. The posterior sur-
face articulates with the smooth surface of the femur
just above the origin of the condyles The guadniceps:
tendon is mserted into the upper pole, and the muscle
pull is transmitted to the patellar Ligament which con-
nects the lower pole to the tubercle of the tibia

Tibias and Fibula, These are the paired bones of the
leg, on the medial and lateral sides of the limb respectively.
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They articulate with each other at the superior (proximal)
and inferior (distal) tibio-fibular joints; and the tibia
articulates with the lemur at the knee, and with the talus
bone of the tursus at the aikle. The fbula also partiei-
pates in the ankle, but = exeluded from the knee joint
Each bone has an opposing mterosseous horder, sharp
margins connected by the interosseous membrane in life.

The tibia has a long shaft, trangular i cross-section ;
with medial, lateral and posterior surfaces, and medial;
lateral and anterior borders. The anterior border is the
sharp subcutanieous crest which can be felt as the shin
froam knee 1o ankle: and the far medial surface is directly
beneath the skin on the inner side of the leg. The upper
end of the bone i expanded as two Drosd fnt misses;
the medial and lateral eondyles, which artienlite with
those of the femur (the semilunar. cartilages intervening,
(see page 114). Looking down on this upper aspect of the
bone, the smooth condylar surfaces are seen to be
separated by a rough intercondylar area crrying the pro-
jecting uhial spine, At the upper end of the tibial crest,
just helow the condyles, is the prominent tibial tubercle,
the ultimate insertion of the extensor apparatus of the
knee joint. The lower end of the tibia is broadened o
a much smaller degree than the upper; and has 2 down-
wardly projecting process, the medial malleolus, over-
hanging the inner aspect of the ankle

The slender fibula teansmits licde, if any, of the body
weight. Its shaft is polygonal in section, with numerous
ridges for muscle attachments, and the head at the upper
ond articulates with the side of the outer tibial condyle.
The hiead carries ot its apex a pointed styloid process, the
insertion of the biceps musele of the thigh and the dttach-
ment of the lateral lHgament of the knee, The lower
end of the bone forms the luteral mallenhu which over-
hangs the outer side of the ankle at a considerably lower
level than the medial malleolus of the tibia
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Foot.

The bones of the foot fall into three groups correspond-
ing with those of the hand; the farmls, the metatarsaly,
and the phalanges of the toes,  But in generdl, and
particularly in the tars, they are much strongee and
thicker than those of the upper limb. The talus lics
immediately beneath the long bones, articulating with
them at the ankle: and iself rests on the calcaneus or

{aner side

Fio. 63. The bopes of the left font

hieel bone. But the talus so inclines downwards and
medially to the inner side of the foot that the anterior
ends of wlus and calcaneus lie almost side by side,
forming the proximal row of the tarsus. The distal row
consists of three cuneiforms on the inner side of the foot
and the cuboid laterally; and sandwiched between the
two rows on the inner side of the foot i the nameular,
separating talus from cuneiforms.

These bones need not be discussed in great detail. The
talus has a body with a rounded superior surface facing
upwirds at the ankle articulation; and a neck carrying
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the globular head, which fits into the socket of the navi-
cular. The calcaneus has & broad projecting posterior
tuberosity, the prominence of the heel, set at an angle
to the main body of the bone, It articulates anteriorly
with' the back of the cuboid. Talus and calégneus are
connected by a very strong interosseous ligument,

The cubotd and cuneiforms are irregular bony masses
articulating with the bases of the metatarsals. And the
latter are esentially similar to the metcarpals of the
hand except that, because of the relative lack of mobility
of the great toe, the first metatarsal lies closely parallel
to the others. It is considerably stouter than the rest, and
Its head is supported underneath by a pair of finy sess-
moid bones, Note that the long axis of the foot, 1o which
adduction and abduction of the toes are referred, is the
second metatarsal and not the middle bone, as in the hand,

Joints of the Lower Limb
Hip Joint.

The decply-cmbedded hicad of the femur forms the
hip joint by articulation with the acetabulum, the socket
in the lateral surface of the innominate bone: as in the
case of the shoulder, this socket i deepened by a fibro-
cartilaginous rim or labrum round its periphery. And
the acetabulum is so deep that its most central portion
is actually out of contact with the femoral head and is
not lined with cartilage but filled in by a fatty pad. In
the centre of the spherical femoral head is a small crater-
like depression, the foven centralis, opposed to this non-
articulating region of the acetabulum: and from the
fovea a round cord, the figamentum teres, runs to be
attached to the margins of the acetabular notch: it carries
blood-vessels which help nourish the head of the femur.

The capsule of the hip is extremely strong and thick,
 blending of bands from each portion of the inmmominate
bone—ilio-femnoral, pubo-femoral, and ischio-femoral
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ligaments, It is atmched prosimally aroumd the ace-
tabular marging and distally it reaches right down 1o the
base of the femoral neck in the trochanteric region, Le.,
the whole of the neck & inside the capsule. The synovial
membrane lining the deep aspect of the capsule is
reflected upwards at the base of the neck, clothing the
latter as far as the marging of the head.
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Fro. 64, Lefi hip juint, anterior aspect,

Movements at thie hip have already been outlined at
p. 57, and correspond to those of the shoulder. They are:
(1) abduction and adduction in the coronal plane
away from and towards the midline;
(i) flexion and extemsion in the sagittal plane, in
front of and behind the trunk; and
(iti) lateral and medial rotation, 4 rolling movement
of the thigh on its long axis.
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The joint i liberally supplied with nerves, some of
which also serve the knee; and it is for this reason that
pain from hip disease is often referred to the knee and
thought to be arising from that jont. The common
*fracture of the hip" m the elderly, stdll too aften a
crippling affection, is: a fracture through the femoral
neck; and its bad reputation for healing is due o the
poor blood supply reaching the fractured surfaces wia
the synovial reflections and the ligamentum teres.

Knee Joint. This joint is very complex, with several
eqmmunicating eompartments; pote that the Ghula plays
o part in the articulation, unlike the radius at the elbow.
The main parts are

() the tibio-femoral joint between the tibial and
femoral condyle of each side, a stmi-lunar cartilage
intervening;

(ii) the secondury patello - femoral  articulation
between back of patella and trochlear surfice of
femur.

The koee s essentially a hinge joint with flexion and
extension as its principal movements, the strong collateral
Heamients resisting any pideways strain. But in addition
there is a small elemient of rotation, a screwing motion
which locks the joint home as it is being finally
straightened out; so that in the fully-extended position
in standing it is very stable compared with the tendency
to “give " when flexed enly a few degrees. One impor-
tant feature is the manner in which the loose and exten-
sive antetior portion of the capsule is strengthened by the
expansion of the 1endon of insertion of the quadriceps
mmuscle of the thigh as it passes down in front of the joint
of the tibial tubercle, There is an intimate blending of
tendon and capsule, with the result that the toous of the
muscle is responsible for guarding the joint against strain,
keeping the capsule taut and preventing the accumulation
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of any effusion in the joint which would distend the
capsule. To a much lesser extent the hamstring muscles
posteriorly serve the sume purpose.

This muscle-joint interrelation is of the greatest impor-
tance, as muscle wasting: leads to instability; and mige
oerse; any intermal derangement of the knee such as &
torn semilunar cartiluge causes a reflex wasting of the

e
Ischig-Femoral
Ligoment

Fre. 65 Hip join, Jengitsdioal secton..  (Adter Grap).

thigh which predisposes to still further derangement.
This vicious cirele must always be broken by exercises o
re-educate the guadriceps in bracing the joint straight
before any improvement can be expected.

The colluteral lisaments and the posterior capsule are
fairly taut; but the anterior eapsule is Joose and extensive,
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especially where it spreads up, around, and above the
patella as the supra-patellar recess in front of the lower
part of the femur, a pouch which is necessarily baggy to
allow freedom in full fiexion of the joint. When the knee
is fully extended the patella articulates wath the femur
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above the condyles; in increasing fléxion it lies against
portions of both condyles, and corresponding facets are
marked out on the back of the bone.

The synovial camty of the knee is ohviously complex,
:i“-d inﬂudﬂ 4
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(i) the patello-femoral space, with the supra-
patellar recess in the highest part of the anterior com-

Ent:

(1) the main anferior joini-cawity between tibia and
fermur on each side;

{iii) the intercondylar portion, the tunnel between
the femoral condyles, traversed by the X-like crosing
of the cruciate ligaments which tie each femoral con-
dyle 1o the tbia (fig. 66);

(iv) and the past-condylar space on each side, a
loose synovial pouch behind each femoral condyle.
The semilunar cartilages are concentric discs inter-

vening between the tibia! dnd femoral condyles, and fixed
to the deep aspect of the capsule (g 68). They are
wedge-shaped in cross-section, projecting for one half to
three-guarters of an inch into the centre of the joint, with
a thin free edge. Their front and back ends are called
the anterior and posterior horns; those of the more
elliptical medial cartilage embrace those of the circular
lateral dise. The two cartilages cushion the contact of
the bony surfaces, and are firmly bound down at their
outer margins to the upper surface of the tibia, with
which they move and rotate. Nevertheless, they also
have, via the capsule, an attachment to the femur, and
this double fixation is responsible for the ease with which
a cartilage, usually the medial, is torn or dislocated when
the joint is under stress and its bony components are
being disteacted.
The tibio-fibular jomnts include :

(i) the superior tibio-fibular articulation, a simple
plane joint formed by the fibular head abutting against
the side of the lateral tibial condyle;

(ii} the connection of the shafts by means of the
interosseous membrane;

(iii} the inferior tibio-fibular joint, a firm fibrous
union.
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Little or no motion occurs at any of these; the fibula
hardly moves on the tibia and is almost entirely by-passed
in the transmission of body weight, which is taken mainly
in the line of the tibia

Tiblal Tubercle

Ligoment

Inner Semilunge
Cortilape

Fosteripr Crucicte Lipament

Fio. 68, Semilunar cwrulages aned crucune  ligements af
the knee juint. The view is of the upper surfice of the Jeft
tibin, the femur kaving heen remitnnl

Ankle Joint. This is formed between the upper surface
of the wlus and the lower ends of tibia and fibula; note
that the latter bone is not excluded from the ankle as the
ulna is from the wrist, The malleoli overhanging the
talus on each side form a deep moctice in which that
stnall bone is deeply wedged; there are strong collateral
ligaments, and the only movements are those of plantar-
Nexion (flexion) and dorsiflexioti (extension), with a
neutral pesition at right angles

The tarsal joints form a complex system of inter-
connecting articuliations which is best considered from
IIh[: point of view of the movements which actually take
place.

Movement= of the Foot.
The foot as & whole may be inverted or roerled, 18,
the solé turned inwards or outwards; and this movernent
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is best understood by considering it as a bony block
moving en masse at the subtaloid joint (the joint between
talus and calcaneus) and the talo-navicular ball-and-
socket, with the talus acting as a stationary pivet (6g.
59)

I:n addition, the forefoot—metatarsals and toes—may
be adducted or abducted, ie., deviated medially or
laterally, but keeping the sole parallel to the ground:

‘2

Inversion Eversion
Fio. 9. Tnversion and eversion of the foot. The arrows merely
inslicate the direction of motion ; both movement occur ai the

mme rystems of joint.

this occurs at the mid-tarsal joint which traverses the

foot and is made up of the talo-navicular and the cal-

canco-cuboid articulations (fig. 70).

In actual practice, it is not possible to separate all these
movements: inversion of the sole is always accompanicd
by some adduction of the forefoot, and eversion by some
abduction, the movements of the subtaloid and the mid-
tarsal joints being reciprocal. And it is difficult at first
to realize that none of these rotary movements is occur-
ring at the ankle; inversion in particular appean to be
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taking place at ankle level, In fact they all ocour well
helow the level of the ankle, which is capable of simple
up and down movement only,

The remaining tarsal joints are simall plane articulu-
tions of an accessory nature, and the joints of the toes
are similar to those of the fingers; with the slight differ-
ence that the central axic of reference for abduetion and
adduction is the second metatarsal and toe and not the
third as in the hand.

Fii. 70, Abdietion and adductzon of the fore-foor.  The shaded
poition iy newtral, the owline indicite the extremes of range.
The arches of the Foot.

These are longitudinal and transverse. The longitu-
dinal arches lie in the long axis of the foot, with a higher
medial long arch and a lower lateral long arch, both
having & eommon posterior pillar in the calcaneus. But
they diverge anteriorly. The line of the medial arch is
calcaneus-talus-navicular-cuneiforms-inner  three meta-
tarsals. The line of the outer is calcaneus-cuboid-outer
two metatarsals, this arch being much the flatter. The
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talus thus lies at the summit of the long arches of the
foot, so that the body weight transmitied to it down the
leg is constantly tending to Aatten them out, and would
do so were it not for the supporting ligaments and
mmecles.

The transperse arch is the mural downward side-to-
side concavity seen in cross-section, and is most marked
in the region of the bases of the metataraals,

"

Portnrior Pillor
Fig. 71. Loniunlinal arches of the food.

The long arches are not present at hirth but develon
with activity in the first. [8 months; the transverse arch
o already present in the foctus. A great deal has been
written in the past about the importance of the arches t
the efficient functioning of the foot which i no longer
altogether accepted. “Flat foot™ in itself is of lintle
importance; what matters is that the foor should be
supple, and capable of wsuming the arched position
volunturily when relieved of body weight. This is the
state of affairs in children and ballet dancers, who have
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excellent function although their feet may be very fat.
It is ngidity that s painful and disabling, whether in
the arched or the flat position: and some of the most
troublesome feet are the wery highly arched variety
which are just beginning to break down.

What are the supports of these arches? They are
two, the hinding ligaments and the tone of certain muscles

(b}

Fia, T2, Cross=section of the transverse arch al’ the foot,
(&) bu che wrsal, (8) in the totatrsl nogion.
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Fio. 78. Ligaments and teadom supportity the
lumgitudinal arches of the foor

of the calf and the sole; and the latter is the more
important. To a certain extent also, the actual shape of
the bones contributes to the maintenance of a pormal
arch. The Mgaments of greatest importance are of course
those on the cancave underside of the foot, the ties of the
arches—either short bonds between individual bones, or
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longer structures runming from one pillar of the arch to
the other.

The wndon of the tibialis anterior musele runs down
from the front of the leg to pull on the medial cuneiform
and thus actively maintain the long arch; the wodon of
the tibialis posterior of the calf curves round behind the
unkle; and sustains the head of the wlus from below as it
passes 1o its insertion in the navicular. And the peronens
longus tendon from the outer side of the leg crosses the
sole of the foou transversely from lateral to medial side.
brucing the transverse arch,

Finally, the muscular mass of the sole, the short plantar
muscles which wre attached behind o the underside of the
caleaneus and spread forwards to the wes, exert a con-
stint tonie support for both long arches,

It is imporuint o note that the ligaments are pever
intended (o take the entire strain of body welght, exeept
perhaps momentarily; they ure themselves guarded by
the tone of those calf muscles whose tendons have Leen
mentioned above as supports for the arches. I this tonus
i weakened by fatigue or paralysis the ligaments are
overstretched and an acite foot strain results, the first
stage of a elironie fst foot.

Galt and the mechanism of the Foot.

The arches are springlike structures, yielding slightly
under body weight in walking and then exhibiting an
elastic recoil: indeed the principal ligament, the short
planar band between calcaneus and navieular ‘which
directly supports the head of the talus, is known gx the
spring ligament. In taking a step, the weight is first
planted on the heel, then transmitted mpidly along the
outer border of the foot, and Anally acrose the trans-
verse arch to be botne by the first metatarsal head: and
fexion of the metatarso-phalangeal joints gives a propul-
sive kick-off an tov the other foot, The remmarks on p, 100
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about primitive and fine movements of the fingers apply,
though with less [orce, to the toes also.  In walking on
rough pebbly ground, particularly with naked feet, the
long Aexors of the toes act as power{ul gripping agents
to steady the balance. But on smooth pavements and n
stout shoes it is necessary to bring the toes flat down on
the bearing surface to give an efficient thrust, and this is

Extensor Tendon _| Callosity

}Phahunges

\CufJnsfty
Flexor
Tendon

Fic. 74 The clawedl toe resulting from Joss af intrinsic contral.
accomplished by the intrinsic muscles, Should this
intrinsic control be lost, the unopposed long flexors and
extensors produce clawing of the tes, which are hyper-
extended at the metatarso-phalangeal, and flexed at the
interphalangeal, joints This exposes the metatarsal
heads in the sole; walking gives the painful sensation of
treading on stoncs; and callosities form both in the sole
and on the dorsum of the toes over the prominences
(fig. 74).

Surface anatomy of the Leg.

Bearing in mind the underlying bony structures, we
can now review the surface anatomy of the lower limb,
Anterlor aspect.

The deep fold of the groin marks the transition
between abdominal wall and thigh; pressure in this fold
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reveals the resstance of the underlying inguinal liga-
ment, which can be wraced laterally to the anterior
superior spine of the ilum and medinlly o the small
knobby puliic tubercle; the latter is often obscured in
men by the overlying spermatic cord running down o
the testicle,

Tnumediately disial to the liganent is the fnguinal
region, which the main vessels and nerves of the limb
have entered from the abdomen; the pulsation of the
femoral artery can be felt just below the midpaint of the
ligament, and the femoral nerve rolled under the finger
a little more laterally. In this region also are numerous
lymph glands, often enlarged and felt as soft rounded
structures, (Plate 7.)

In the thigh itsell the main anterior muscle bulge is
formed by the quadriceps femoris, tapering down towards
its insertion into the upper pole of the patells. The muss
on the medial side is the adductor group of trscles,
whose tendons of origin ean be felt running up to their
attachment to the pubic bone, just lateral to the extérnal
gemital organs. When the knee is braced steaight, » very
firm resistance 1s felt under the skin on the outer aspect
of the thigh, extending from hip to knee: this is the ilio.
tibial band of the deep fascia which is kept taut by
certain of the buttock muscles and helps in maintenance
aof the ereet posture.

At the front of the knee, the patells is seen and in line
with it, a couple of inches below, the tikial tuberale; the
patellar tendon connectng the two mid transmitting the
quadnceps pull becomes obwious when the knee i
extended, and a hollow on cither side of the tendon
indicates where the anterior joint comipartment lies
unimediately beneath the skin, The tibiyl condyles are
casily seeni or felt, and the head of the fibula on the
outer aspect; just below the head, the peroneal nerve
winds round the neck of the fibula, over which it can be
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rolled, giving rie to a tingling sensation in the outer side
of the calf,

The tibigl ¢érest, its anterior border or shin, is sub-
cutaneous from tibial tubercle to ankle, curving slightly
inwards ‘as it passes down, with the flat subcutaneous
medial surface on its inner side. On the outer side of the
crest is the bulee of the muscles jn the anterior com-
partment of the leg, and more laterally stll the peroneal
muselss obscure the underlying fibuls, which emerges
under the skin a few inches above the ankle.

At the ankie the two malleoli stund out on either side,
the medial malleolus at a higher level; and an inch
behind the katter can be felt the pulsation of the posterior
tibial artery,

The navieular often makes a prominence on the medial
border of the foot, as does the base of the fifth meta-
tarsal on the outer side; and the joint between the medial
cunciformn and the base of the fimt metitarsal is often w
troubilesome dorsal prominence under the shoe.

Posterior aspect.

The great muscle masses at the hack of the limb are,
from above downward ;o the gluteal muscles of the
buttock; the bamstrings in the thigh; and the calf
muscles of the u\g

The buttock hasa roonded glutes! fold below, murking
its junction with the thigh, and as this is followed round
to its lateral extremity there s felt under the skin the
resistunce of the great trochanter. Desp in the lowest
point of the buttock is felt the apex of the ischial
tubervaity,

At the back of the knee, the tendons of the hamstrings
diverge; they can be seen or felt as the biceps passes
down and out to the head of the bula, the semimembira-
nosus and semitendinosus down and in to the tibia. These
tendons make the upper boundaries of the diamond-
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shaped space behind the knee joint, the popliteal fossa,
in which lie the great vessels which have travelled
round from the front of the thigh in its lower third, as
well as the sciatic nerve and its divisions. It may be
possible to feel these structures by deep palpation, though
the course of the sciatic nerve in the thigh iself
entirely protected by the overlying muscle.

The bulk of the calf is made up of the triceps, i.e., the
gastrocnemius and solews museles, which per down as
they joint to form the Achilles tendon or heel-cord
passing down the back of the ankle to the tuberosity of
the calcaneus,

The surface markings of the main vessels and nerves
are indicated in Plates 3 and 4. Note the spiral course
of the femoral artery and vein round the imside of the
femur to reach the back of the fimb in the popliteal
fossa; and the strmight course of the sciatic nerve down
the middle of the back of the thigh to divide in two &
few inches above the knee, the Lateral peronesl division
winding round the neck of the fibula to reach the front
of the leg.

Subcutaneous structures of the leg.

Fig. 75 dsplays the flayed Hmb, with the superficial
structures which intervene between the skin and  the
envelope of deep fascia. The penows network is
gathered up into two main channels. The great
saphenous vein rums upwards in front of the medial
malleolus, along the medial border of the leg and thigh,
and finally turns round 1o the front of the inguinal
region where it passes through an oval window in the
deep fascia 1o join the main femoral vein, The small
saphemoty vein is formed on the lateral side of the foot,
pusses upwards behmd the lateral malleolus, and travels
up the midline of the back of the calf as far as the knee,
where it pierces the deep fascia to join the popliteal vein.
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Both veins are accompanied by lymphatic vessels;
there are a few small popliteal lymph glands at the ter-
mination of the small saphenous vein, and numerous

Fia. 75 The flayed lowes limb () anterior, (§) postcrior.
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large inguinal glands surrounding the upper part of the
main saphenous trunk at the groin.

The cutaneous nerves of the liinh ure many. The froi
of the thigh is supplied by lateral, intermediste and
miedial branches from the femoral verve: the back by a
small sciatic branch of the main seiatic trunk., Tle
sdphenont branch of the femoral nerve runs the whols
length of the limb in company with the great saphenons
vein; and the sural branch of the soatic ACCOMpAnies
the small saphenous vein to the outer side of the foot

The main subcutaneous burse in the leg are :

() & bursa between skin and ischial tuberosity to
relieve presure in sitting:

(i} & bursa over the lateral aspect of the great
trochanter;

(tii) the pre-patellsr bursa in front of the patella
tendon and the lower half of the paella. This is not
& purt of the knee joint, it takes a comsiderable shure
of the weight in kneeling, and its distension is the
ciwrse of ordinary * housemuid’s knee -

(iv) 2 bursu between the skin and the Achilles
tenidoti—when the shoe has been rubibing against the
heel.

The museles of the upper part of the leg.
These consist of the following main groups :

(i) Museles connecting trunk and femur - ilincus
and psoas (fig. 78). These muscles are respansible for
flexing the hipjoint. The hiacus is & broad sheet
arising from the inner (pelvic) surface of the iliuc

rtion of the innominate bone: while the Pioas s a
E_:ug belly at the back of the abdominal cavity along-
side the lumbar vertebrae, from which it arises, The
two muscles form a conjoined ilto-psoas tendon which

enters the thigh by passing under the inguina liga-



Posterror
Tibigl Artety

Anpetior
Tibial Artery

Surface markmg of the arterics of the lwer Himlb,
FLATE 4



Tidugt Aviery

Asgpiagm  Tebiml
dropey ol
L ]

DM il the makn nerves anil sveseels of die Jowes Gimls

FLATE 4



THE LEG lﬂ

Lartorlus
Tenzar Faseia Loto

Adductor l.ﬂ.ngu

Grocifin 1
1 Rectut Femorit
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Gastrosnemiug

Achilles Teaden

Fre 77, Muscies of the left livwer fimb.  Postérior aspect.
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oot Iuteral to the femiral vessels, and so to iis inser.
tion at the leser trochanter,

(i) Muscles connecting pelois and femur. There are
two main groups here, the ghiteals and the adductors,
The glutes! muscles of the buttock anse from the
outer surface of the ilium and from the back of the
sacrum. The most superficial, covering all the others,

F Lio-jrunas ‘ Actiom of
e mu. Leefy i o Fh;hu?ummm..
is the great glutews maximus, the rump, which is
inserted partly into the ghuteal tuberosity of the femur
and purtly mto the ilic-tibial band of deep lascia. Itis
one-of the most important postural museles, for it
extends the hip, carries the leg backwards in walk-
ing, and braces the whole limb by tightening up the
deep fascia.

Under cover of it are the smaller plulens mediis
and pumimus, which ure the main abductors of the hip
awisy from the midline. These are again of the highest
postural lmportnce in that they make it possible to
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stand on one leg by pulling the pelvis over in line with
the weight-bearing limb, and they resist the tendency
af the wrunk 1o fall to the other side. They thus make
walking possible; for this is no more than an alternate
standing on either leg (fig 80).

NEERRKED

Fimy., BD (8).. The
stahillzing  action’ of
Fin, 80 la).  The the ghitews medim in
gluieus medin. sanding on one |eg.

The adductors—longus, brevis and magnus—lie an
the inner side of the thigh. They arise by tendons
from the pubic tubercle, pubis and ischimn, running
downwards and out to be inserted into the shaft of the
femur as far down as the adductor tubercle, And
their action is clearly to adduct the femur to the mid-
line. The three muscles: are arranged in lavers from
before backwards as named, and are supplied by the
obterator naroe which enters this region of the thigh
from within the pelvis after piercing the obturator
membrane. One strap-like member of this group, the
graciliy, reaches as far as the ribia.

(i) The short rotators of the hip, analogous to
those of the shoulder, are situated very deeply in the
buttock, in close relation with the sciatic nerve, and
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are seen only after removal of all the overlying gluteal
muscles. They arise from the sacrum and obturator
miembrane, insert into the base of the femoral neck,
and laterally rotate the hnp.

Fio. B Adductor muscles of the loft thigh Thei
dispesition ix abio hawn in crosection, with the two
bratichcs of the obturater’ nerve sandwiched betwoen

ihe layers '

{iv) The guadriceps femoris is the great mass on the
front of the thigh responsible for extension of the knee.
Three heads anse from the femur—the vastur lateralin,
intermedius and medialis—and the fourth is the rectus
femorn from the thwm just above the acetabulum.
We have seen that there is 4 common quadriceps
tendon emerging in the lower thigh and inserted into
the upper pole of the patella; its expansions on either
side ol the patells blend with, and ereatly strengthen,
the capsule of the knee joint.

(v) The sartorius is o long strap-like muscle arising
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from the antenor superior spine ‘ol the fium and
traversing the leneth of the [ront of the thigh very
superficially in a downwards-and inwards. direction to
its anscrton an the upper tibin on i3 subcutaneous
aspect. It -helps to Hex both hip snd koee, and 'to
produce the movement of sitting with crossed legs, the
“tuilor's poaition ™ after which it & meoned,

(vi) The huamutrings are the bulk of the back of the
thigh, 4 powerful group arising fram’ the Ischial talser-
osity find destined (o fléx the knes by inserting into the
tibin and fluila. These muscles-are the semi-mems

T
Vaperficial Fawcm

/A
Bers Finom —'-:I—' "

Hampnngy

Fm. B Cros-section of lefi thigh, viewed from below, w show
the musele masses.

brarotus, somi-tendinois and the bice pr, which diverge
in their passage down the thigh; the first two pass
mmwards to the upper tibia, while the biceps, which
acquires an -additional head from the back of the
femur, 8 inserted on the outside of the kiee into the
head of the Fbula.. This A-shaped sarmangement of
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the (endons produces the upper boundary of the <>"
shaped pophiteal fossa at the back of the knee, the
lower sides of the diamond being the two heads of the
gastroenemius muscle. The sciatic nerve, which lies
in the thigh under cover 'of the hanstrings, emérges
Letween the fork of their tendons to lie comparatively

Extensor
Comportment supplied
by Femoral Nerve

Hamstring
Compartment,

Obturator Nerveé Sciatic Nerve

Fig: 83 Rey 1o fu. 82.

The three oonpartmients of the thigh, with their nerves
superficially ar the apex of the popliteal region. The
spuce is 1oofed over hy deep fascia and has the pop-
liteal surface of the femur as its hony RBoor.

The disposition of all these muscle groups in the thigh
it clearly shown in crosssection (figs. B2, 83). The inter-
museular septa of deep fascia mark off three compart-
ments, eacl containing a muscle group with its supplying
nerve, which also innervates the overlying skin. The
anterior or exiensor compartment contains the guadri-
ceps. supplied by the femoral nerve; the medial contain
the adductors, supplied by the obturator nerve; and the
posterior the hamstrings, supplied by the sciatic.

Note how the sartorius i its diugonal comse i s
applied to the side of the vastus mediilis as to produce
a tunnel-like space; this is Hunter's canal, and through it
pass the femoral vessels on their journey round the femur
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Foo 85 Key w fig. 4. Compariments of the lower leg.
to emerge i the popliteal fossa behind, where they are
then called the popliteal artery and vein.
The muscles of the lower leg.

Crosssection of the leg reveals the main cotnpart.
ments and musele groups as follows. The interosseous
membrane between the bones separates 5§ main anterior
compartmant, contmning the muscles which extend the
ankle and toes, from the poiterior compartment for the
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calll museles; and there & 3 small separate [aleral
compartment on the outer side of the fibula for the
peroneal muscles which evert the foot. Finally, the main
pasterior compartient # subdivided into a superficial
portion for the gastrocnemius and soleus (wgether form-
ing the wriceps); and a deep portion for the long fexors
of the toes and the nbialis posterior which inverts: the
foot.

The anterior group : tibialiy anterior, extentor hallticu
longus, extensar digitornm longus, Thise are all extensor
miuscles supplied. by the anterior tibial division of the
peraneal nerve, Thelr tendons runi down in front of the
ankle, where they are bound down by the retinacular
hiatids of decp fuscin. The tildslis anterior, on the medial
side, iz inserted into the first metatarso-cuneiform  junc-
tion, where it helps to maintain the inner long arch
(fig. 73} and dorsiflexes the fopr. The extensors of the
toes and of the great toe (hallux) traverse the domsum of
the foot to be inserted in the same way as the core.
sponting tendors in the hund, "'With this difference, that
in the foor there is a duplicate set of extensor tendons
arising from a short extensor muscle situated on the
dorsum of the foot itsell,

The peroncal museles, longus and birevis, evert the foot
and act incidentally as dosiflaxors of the ankle; they
are zupplied by the peroneal nerve. P, brevis has & short
course to the base of the fifth mewmasal (the styloid
process of that bone}; whereas p. longus dives into the
sole st that point and runs transversely to reach the base
of the first metatarsal, so helping to maintain the trans-
verse arch. Both tendons. pass round the back of the
lateral malleolus to reach the foot, and they have a con-
stant tendency to slip forward round the edge of that
Lone which is resisted by a special peroneal retinaculum.

The posterior group: (i) Superficial layer: triceps,

The triceps is the grest call nmuscle acting to flex
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Sartorius
Quadriceps

Grozilis {Vastus Medielis)

Semi-tendinosis

Subcutgnegus
Surfaece of Tibia

(Toe Flexors,
Tibiglis Pesterior)

Short Muscles of Sole
Fig. 86. Muscles of left lower leg and foor, inner aspect.
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(plavitarfiex) the foot through its insertion, via the
Achilles tendon, into the tuberosity of the caleaneus.
It comprises the superficial gartroenaming; with a head
artsing fromy the back of each femoral condyle and
forming the lower V-shoped houndary of the popliteal
fos=a; and the underlying soleus arising from the back
al the upper tiliia and Abuls. These form the Achilles
tendon hulfway down the ealf, and the tendon is
separated from: the upper part of the back of the
calcaneus by a deep burss,

(i) Deep layer: sibialis posterior, lang flexors of the
tors, These trise from the back of the tibix and fibuls
and the commecting interosseous membrane. The
emnerging tendons enter the sole of the foot by passing
behind the ankle joint and the medial malleolus. The
long flexors are attached 1o the toes, asin the case of
the similar fiexor digitoram profundus 1o the arm,
But whirreas the Brgers have two sets of floxon tendons,
both arisitg in the: foreann, those of the ealf corre.
spond only to the profundus and the duplicate tendons
are supplisd by a short fiexor muscle which is confined
to thie sole of the foor. The tibinlis posterior is Tnserted
bnto the paviculir and sustains the nver long arch,

Fio. B7. Achilles tesidon and related burse.
taking some weight off the spring ligament by support-
ing the head of the talus; it 3 a powerful invertor
of the foot as well as u plantarflexor of the ankle
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The Foot. The general armangement of the foot and
toes, the flexor and extensor tendons and their synovial
sheaths, ete;, resembles that of the hand, but with local
differences due to the complete duplication of the long
flexor and extensor tendons by short extensors and flexors
sitated in the domsum and sole of the foot itself, and
arising from the upper- and under-surfaces of the
ealeaneus,

The deep plantar [ascia of the sole is very dense, and
covers & complex pattern of small plantar  iuscles

arranged in layers,

The blood-vessels of the lower limb, (Plates 3, 4, 7.)
The femoral artery and wvein arve the downward cou-
tinuation of the external iliac vessels from within the
pelvis. They enter the thigh by passing beneath the
inguinal ligament, carrying with them a femoral sheath
prolonged from the deep fascia of the abdomen, and
lie in the groin with the vein medisl to the artery.
Their course in the thigh lies in three panis - i the upper
third, in the inguinal region; in the middle third, in
Hunter's canal, under the sartorius muscle; and jn the
lower third, they pass round the back of the femur close
1o the bone, 1o enter the popliteal fossa as the popliteal
vessels. Inothe thigh; the artery has a number of branches
which encircle the femur and supply the muscle masses:
and it divides in the lower part of the popliteal fossa
into an anterior and  posterior tibiall division,  The
pasterior tibtal continues the tnain line of the yossel down
into the calf, where it lies close 1o the back of the inter-
ostseus. membrane, enters the sole behind the inedial
mallealus in company with the flexor tendons, and
supplies digital arteries to the toes via an arch gmilar to
the one we have seen in the hand. The anterior tibial
passes forward from the popliteal fossa, through the
mterosseous membrane, inte the anterioe compartmernt
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af the lower leg; runs down the front of the membrane,
emerging on the dorsum of the foot with the extensor
tendons to give branches to the toes.

The main branches of the venous unk are similar,
gave that the venous pattern to the toes is much more
superficial and inconstant in arrangement.

The nerves of the leg.

(Plates 4, 7.) The femoral and sctatic nerves are the
twa great anterior and posterior trunks, and these, with
the obturator and certain other twigs, are denved from
the lumbosacral plexus of spinal nerve roots situaled
within the abdomen and pelvis, _

The femoral werte enters the thigh beneath the
inguinal Hgament to the lateral side of the femoral vessels,
und very soon breaks up into the following branches :

(i) the lateral, intermediate, and medial cutaneous
nerves of the thigh;
{ii} muscular hranches to the quadriceps femors;
(iii} twigs 1o the hip and knee joints.

The ebturator nerve enters the medial adductor com-
partment of the thigh from within the pelvis by piercing
the obturator membrme; it supplies the adductors, the
overlying skin, and the knee joint.

The 1¢ciatic nerve 15 formed within the pelvis; on the
deep aspect of the sacrum; emerges into the buttock,
where it lies deeply among the small rotator muscles
under cover of the ghitei; and rons vertically down the
limh to the popliteal fossa, where it divides into medial
(tibinl) and lateral (pereneal] branches. In the upper
part of the thigh it lies midway between ischial tuberosity
und great trochanter; is covered over by the hamstrings
in the midthigh; and & revealid more mqmrﬁnuuy where
the hamstring tendons diverge 10 their insertions.

The tibial nerve continues the sttaight course of the
sciatic from the upper angle of the popliteal fossa to the
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lower, lying fairly superficially under the deep fascia and
crossing diagonally over the deeper popliteal vessels; it
supplies the call muscles, forming o common neuro-
vascular bundle with the posterior tibial artery, with
which it enters the foot to supply the intrinsic muscles
and the sensory, branches to the toes,

The peroneal branch follows the biceps tendon closely
to-the head of the fibula; winds superficially round the
lateral aspect of the peck of that bone: gives n super-
ficial branch to the peroncal muscles and the skin over
the lateral side of the call; and continues as the anteriar
tihial nerve in company with the anterior tihial srtery in
the extensor compartment. Here it supplies the extensor
museles, entems the dorsim of the fool, and gives digital
branches to the dorsum of the toes,



‘CHAPTER V11

ABDOMEN

Abdominal esvity and boundarles.

Tue ubdominal cavity s the fargest of the body spaces
and even more extensive than is at first obvious, for its
roof, the diaphragm, reaches high into the bony thorax
under cover of the Jower nibs; in fact, the ribs enclose
part of the abdominal eavity almost equal to thiat of the
whole thoracic cavity itself,

The night and lelt domes of the diaphragm separate
the base of the rght and left lungs above from the corre-
spotding lobes of the liver below, with the heart and peri-
cardium sitting on the flat middle part of the partition.
I full expiration, on breathing out as far as possible,
the right dome of the diaphragm is at the level of the
fifth rib, just below the mpple, and the left is an inch
iowes.

1t is pecessary to distinguish between the abdomen
proper, which containg the main digestive organs, bowel,
liver, pancreas, and spleen; the Kidneys, suprarenals and
great vesels) and the pelsse capity below, enclosed by
the innominate bones, contuining the fermination of the
iowel, the bladder and genital organs. The two cavities
are freely continuous at the pelvic inlet. which formy as
it were a deficiency in the floorof the mmmn abdominal
cavity, And a longitudmal section through the trunk
shows how the main axes of the two cavities are set at
such an angle that there is a considerable backward
inclination of the pelvis, whase organs in consequence
are relatively separate from those in the abdomen proper.

Unlike the cranial and thoracic cavities, the abdomen

43
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Fra. BR. Longitudinal section of the {r:mnle).ubdnnm thowing
the distinction between pelvic cavity and abdomen  proper.

is refatively unprotected by bony framework, though this
is compersated for to some extent by a strong muscular
belly-wall anteriorly and in the flanks,
The boundaries of the abdomen are :
(i} behind, the lumbar vertebra of the spinal
eolumn, clothed by the psoas and quadratus lumborum
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Lumnbar Vertehra

Fio, B0, Crossaection of the abdominal cavity. Note the recess
an eithier gide of the verichmal oolumn m o whinh each Eidney [
The large black space 3 ilic greater asc of the peritoneal caviny ;
the leser gae £ the snall space impnediately behind the sinpmch.
muscles, which help to form the actual posterior wall
ol the cavity;
(i) in from¢ and et the sides, the muscles of the
flank and antenior abdominal wall;
(i1} abore, by the diaphragm; and
E'”l]' b,‘ﬂ'u:’ur on each i:H:EI.", the ilike fos=e of the Hino-
minate bone, clothed with the ilticus museles, support
pirt of the abdominal contents
The cavity is lined by a serous membrane, the peri-
toneum (p. 154) which also clathes most of the contamed
argans, the viscera; these peritoneal surfaces are normally
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in clote contact and the cwity is thus only potential,
unless air is admitted by operation or injury, when the
organs fall away from each other. Note abwo, in cross-
section, how the vertebral column encroaches forward so
that it can bie easily felt through the anterior abdominal
wall, leaving a great Lay on vither side of the posterior
abdominal wall in which lie the kidneys

There ix considerable respiratory exeursion in the
abdomen; on inspiration, the diaphragm is considerably
lowered as the lungs expand, with corresponding effects
an the abdominal organs, the liver descending 2-3 inches
with a deep breath, This is less conspiouous in the lower-
placed organs; and the cavity constantly varies in size
with eontrnction and pelaxation of its muscular walls
and the deégree of distension of the hollow viscsra.

Surface anatomy

Anterior sbdominal wall. In the surface anatomy of
this region, the main points are & follows. On each
~side superiorly the costal marging, the lower borders of
the ribs, form a Asshaped angle whose acuteness varies
with the general build of the individual. At the apex
of this angle, and rather depresed below the surface, i
the tip or xiphotd process of the sternum. The umbilicus
i navel @ i the midline, oo a level with the fourth
lumbar vertebra behind ; it is the scar marking the former
attachment of the umbilical cord joining foetus 1w
placenta. In the lowest part of the midline anteriorly is
the pubic symphysix, formed by the junction of the two
halves of the pelvis. Xiphisternum, wmbilicus and symn-
physis are: all connected by 4 wugh strip of deep fascia,
the finea alba, a very firm central attachment for the
muscles whose aponeuroses intersect at this point. When
these muscles are contracted, the linea albia is seen as a
central depression between the prominent rectis muscle
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on either side; and the belly of the latier s erossed by
2-3 transverie hitersections.

Inferiody, the symphysis e be traced out to the
pubic erest on each side, and then the fnpial ligement
spanning scross:-from pubic tobercle to anterior saperior
iliag spine marks the Juncton berween whdomen and
thigh; from the ilinc spine the diae crest can be followed
renindd 1o the back. _

The surfuce of the anterior abdominal wall is divided
into eonventional sones for convenience in the referanee
and location of the organs,  These are shown in fig, 90,
In the upper zone lies the epigastrie rogion centrally,
with the hypochondriac vegipns én either side: in the
uuddle zone, the umbilical region eentrally, Banked by
the lumbar regions; and in the lower zone, the lypo-
gastric remon eentrally has the iliac regions to right and
lefi. A conventional representation of the surfuce pro-
Jection of some of the internal organs on this pattern is
given in Plate 5, but it must be remembered that there
are very comsmderable vanations in theilr positions with
change of posture and in different individuals.

Posterlor abdominal wall. In the midline of the
hack, the spinous processes of the lumbar vertehee are
felt hewm:n the thorax and the sacrum; and on each side
of the spine is the belly of the great erector 1 pine muscle
which is constantly helping 1o maintain the erect position,
The short twelfth rib on each side marks the lowest limit
of the bony thoracic cape ubove; while helow, the iliae
crests ean be traced back towards the sacrum where they
end in the posterior superior iliac spines, marked by an
overlying dimple in the skin. Thus, on each side of the
spine, beyond the lateral border of the erector spine
tnnscle, is an unprotected portion of the abdominal wall,
the Join or lumbar region, lying between twelfth rib and
iliac crest. However, the flank musculature is extremely
strong and resistant. Plate 5 indicates the relation of
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some of the internal orgam to the surface of the back,
and it should Le noted that the colon and kidneys,
because they are behind the peritoneum, are relatively
fixed; unfike the mobile liver and small bowel which are
slung frecly in the peritoncal cavity.

Rk T

Hypochondriac Epigostric Hypochondrioc

|
I

Umbilicus i
T
I

Lumbar | Umbilical
lliac Hiac

Hypogastric

Fag, 90, ‘The sones of the anterior shdominal wall
Abdominal muscles, Thes are more easily driwn
than described;: and are best considered in the following
ETONpS ;
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[i) the muscles of the posterior abdominal wall:
froai, quadratus lumbortim;
[ii} the muscles of the flanks : internal and external
obliques, transversus abdominis;
(iif) the muscles of the anterior abdominal wall:
recius abdomni, pyramidalis,

The cross-section in fig. 91 gives a generil ides of the
interrelation of these groups.

Muscles of posterior abdominal wall. The proar has
already been encountered in connexion with the hip-
joint (p. 128); a long belly beside the lumbar vertehee, it
finally skirts the pelvic brim to entor the thigh. The
quadratus lumborum lies iminedintely lateral 1o i, a
flist quadrilateral muscular plate extending vertically
Between twelfth rib and iliac crest.

Fiank muscles. ‘These make up a layered arrange-
ment of muscles; in which the intermal oblique is sand-
wiched between the extarnal oblique superficially and the
transorryui abdominis deeply; their Rbres cross each other
in different directions, thus adding to their protective
power. ‘They all arise from the lower ribs above; the
iline erest below; and, via a dense sheet of lumbar fascia,
from the tips of the lumbar transverse processes behind.
The external oblique fibres run downwirds and in, the
direction of » man putting his hand in his pocket; the
internal oblique fibres are exactly at right angles 1w 1his;
and those of transversus run straight round in the hon-
zonitil plane,

Near thewr origing, above, below: and behind, these
muscles are very fleshy, but as they curve round the
flank to reach the anterior abdominal wall they mernge
into great aponeurotic sheets extending between costal
margin and iline crests, These aponeuroses are intimately
related to each other and to the rectus aldesiinis muscle,
as indicated below; and interssct at the linea alba in the
misdline,
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The rectits abdominis 5 4 flat vertical muscle on each
side of the midline, extending from the front of the contal
cartilages of the lower rils 1o the pubic crest on each
gide of the symiphyss Lelow. Note how the uppers pact of
s belly i tnacked by 2-3) transverse  tendinous mter-
sections intecrupling the fibres, obvious unider the skin
when thi muscle-ts made tostand out. The pyramadalis
is-a little wisngutar muscle arising from the pubic crest
in front of the reetus and inserted jnto the linea alba

Bomioy Muarie from o Mprisy Blemre

Ban of ogth

Fron 2. Cromsertion of abédomen below the level of the kid
Noww the sspienmion of the anall bowel by its misentery from
poslering vrninal wall ; ale the relutions of the muwle groupe

T he aponenroses, the rectut sheath, nervei and vessels
of the abdominal wall. We have seen that, at a point
about hulf-way between the Hank and the linea atba, the
flank miuscles are continued anterigrly as aponeurotic
sheets, As these sheets approach the lateral border of
the rectus muscle, the external oblique aponeurosis
passes in front of that muscle, and the transversis
aponeurosis behind: while that of the imternal oblique
split= in 1wo, one layer joining each of the others (fig.
B81). This nrrangement provides s continuons rectus
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sheath, whose anterior and posterior walls rejoin on the
inner side of the rectus to form the linea alba.

The nerves and vessels of the anterior abdominal wall
are the lower & of the 12 pairs of thoracic vessels and
nerves: this is because, as the lower ribe overhang the

Tronsversus
Abdominus

Crent of Miwn

Inguirmgl
Ligament

Fig. 93, The despest fnyer of the Sank muicles
transvesaus abwlominis. ([ After Grag).

abdominal cavity and as these ribs are mmph:u: ante-
riorly. the neuro-vascular bundles running in the nib
spaces emerge between the flank muscles of the abdominal
wall Here they run in the plane between the trans-
versus and internal oblique until the lateral border of the
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rectus is reached, when they enter the sheath behind the
muscle and finally turn forward at its inmer border,
piercing the linea alba to reach the skin. In their circular
course, superficial branches have beéen given off in the
fianks and twigs to the muscle layers.

Rector Sheath
{Frane. Loyer)

Epigmtric Areery
in Shesth

Cut Rectu

Spermotic
Caed

Pyromiidalia

Fio, ™, “The rectwy momeeles and their sheatn,  The leh
rectun has been romoved 1o display the posterior wall of in
wheath and the arierial network.  (After Gras),

Finally, within the rectus sheath, a vertical arrangement
of arteries and veing is formed behind the rectus musele
by anastomosis between thie superior epigastric vessels
coming down from the thorax and the inferior epigastrics
running up from the external iliac trunks below.
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Peritoneum, mesenteries, omenta,

The abdominal cavity is a closed sac, lined continnouslty
with the peritoneal serous membrane; that part of the
membrane clothing the deep aspect of the abdominal
wall is the parictal peritoneum, which i reflecied over
the contained viscera us the vitceral peritoneum. The
parietal layer is attached to the deep surfuce of the
anterior and posterior abdominal wally, to the under-
surface of the diaphragm, and 1o the upper surface of
the pelvic floor. Its smooth surface, lubricated by a small
amount of serous fluid, allows the structures to glide
freely; and a loose layer of extraperioneal connective
tissue ntervenes between the pariewl pertoneum and
the abdominal wall, a Isyer in which any infection
denived, for instance, from a perfomiing wound of the
bowel sproads with great ease and virulence.

The main peritoneal cavity of abdomen and pelvs is
known as the greater soe, in contra-distinction to a
sinialler recese, the legser dar, which lis immedintely
Liehingd the stomach and is alinost cut off from the general
cavity, These spaces, and the relations of the various
argans to the peritoneum, are rather complex and best
undirstood by studving fes. 88 and 89, hearing in mind
thar most of the organs lying freely in the abdominal
cavity hove developed in the gmbryo from the posterior
wall, to which they still retain an attachment. The main
prointd are these (fig, 96) :

(i} Certain organs are entirely retroperitoneal and
thetelore fixed, eg., the kidneys and pancreas; they
Lie an the posterior alidorminal wall, with o peritoneal
covering, if any, on their anterior sarlaces only,

(ii) Other ongans, the aseending and deseending
portions of the colon and the rectum, all parts of the
large bowel, have a peritoneal covering in front and
at the sides; they are stll retroperitoneal, but with
rather more mobility,
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(i)} The smull intestine, and the transverse snd
pelvic portions of the colon, hang frecly in the cavity;
to do so, they have pulled out a double-layered sheet

Fio. 85, The viscera exposed by removal of the anterior walls
of abdarmen and thorax,

ol peritoneum from the posterior abdominal wall
which is known as a mesentery. This s laden with
fat, contains lymph glands and vessels, and the blood-
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vessels reach the bowel by ninuning between its layers
from the great vessels on the posterior abdominal wall.
Stnall bowel, transverse and sigmoid colon, each have
their own mesentery; but the main one i the great
shest supporting the small bowel, known simply as the
mesentery, the line of attachment of which behind
crosses the lumbar spine obliquely from left to right
from whove downwards (fig, 91),

(iv) The stomach hiss two special mesenteries known
as omenta.

The great omentum hangs down from the lower
border of the stomach as an apron-like fold in front
of the small bowel, and then tums up to embirace the
transverse colon: before its final reflexion on w the
posterior abdominal wall, ie, the mesentery of the
tramsverse colon i really continuous with the great
amentum of the stomach (figs. 88, 95),

The lesser omenium connects the upper border of
the stomauch to the liver, and its layers split to enclose
that organ before their final reflexion on the under-
surface of the digphragm as the suspensory ligaments
of the liver. It can be sten that the lesser omentum
forms the anterior boundary of the lesser sac (fug. B8]

The general disposition of the abdominal organs.

Fig. 05 shows the structures revealed when the anterior
abedominal wall is removed.  The Hver occupies the
upper right portion of the cavity, emerging a little helow
the costul marngin and oceupying a litde of the left side,
with its superficial intermediate portion lyving i the
epigastric region immediately below the xiphmiernumn,
Beneath its lower border, on the right side, projects the
gall-bladder, The stomach is lurgely under cover of the
Jeft ribs but a part of its anterior surface s seen in the
angle between the lower border of the liver and the left
costal margin, The great ementum descends from the
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lower border of the stomach like an apron, covering and
ohscuring the transperse colon, which lies immediately
below the stornach, and the numerous coils of omall
bowel, These lost are the main contenits of the cavity,
insinuating theimselves into its recesses and dropping down
into the pelvis. The spleen is barely seen, s it is tucked
up entirely under cover of the left costal marpin. The
more superficial viscera will now he considered in turn.

Elﬂmlﬂh
The stomach is the widest part of the digestive tract,
contiecting the oesophagus (gullet) with tie duodesum,
the beginning of the small intestine. The oesophagus
joing thie stomnch very shortly after entering the abdoten
through the diaphragm; and the duodenum leaves the
organi at the pylorie orifice, The stomach lies mainly in
the epigastric and left hypochondrise regions, but there
it considerabile varintion with posture, digestive state and
emotion; and part may lie in the umbilical region or
even descend to the pelvie brim. It s a rather J-shaped
structure, with anterior and posterior surfaces paraliel
to the abdominal wall, and upper and lower horders
known as the lesser and greater curvatures respectively,
It can be seen an fig. 97(a) how the leser curve forms
a continuous sweep between the oesophageal entry at the
cardia at its left extremity, and the departure of the duo«
denum at the pylorus at the right-hand end. The main
sub-divisions are
(i) the dome-shaped fumdus, the receptive portion,
often distended with air;
(i) the main body, concernnd with digestion, and
marked off by a definite notch from
(ili) the pyloric or expulsive portion, narrowing
down as the pyloric antrum to the pyloric canal atself.
Both cardiac and pyloric orifices are surrounded by
what are known as sphincters, muscular rings which are
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notmally in contraction, keeping the openings. closed
until temporary relaxation is required for the entry or
exit of food. Thi sphincreric control of the exits of
tollow muscular organs is a common mechanism in the
body, e, at the neck of the bladder and the opening
of the anus.

In structure, the stomuch is made up of several kver
(fig- 97{1)). There is the smooth guter serous of peritoneal
coat; the thick intermediate museular wall which con-
tains circular, longitudinal and obligue fibres; and the
internul lining mucous membrang, a velvety layer of
intricate folds whote glands secrete the gastic juice.

The anterior murface of the stomach is under cover of
the Teit Tole of the liver and the left costdl margin: with
a sl intermediate portion which i applied 1o the back
of the anterior abdominal wall The posterior surface lies
on a definite “ siomach bed,” shown in fig. 98 which i
formed by several organs of the posterior abdorpimal wall
—pancreas, left kidney and suprarenal, and spleen, Ani
between the posterior surface and its bed is, of course, the
leser s The fundur hes immediately in contuct with
the underssurfuce of the left dome of the diaphmgm.

We have already seen that the two lavers of perito-
pewn elothing the surface of the stomach meet ot i
borders o form the amenta; the lesser omentum con-
nicts the lesior curvature to the liver, and the greater
omentum hangs down from the greater curviture as o
large apron.

Small intestine.

This is the portion of the digestive tract hetween the
pylonic orifice of the stomach and the targe bowel. Some
20 feet lomg, it s divided into

(i) the duodenum, a short coil of 10 inches mmme-
diately contimums with the stormach and bound down
tightly to the posterior abdominal wall;
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(ii) the small intesting proper, suspended in coibs
from the posterior wall by its mesentery.

The ducdenum is rather C-shaped, embrating in its
concavity the head of the pancreas. A short fisst part
runs horizontally from the pylorus under cover of the
liver and gall-bladder; the vertical second part descends
in front of the right kidney; and the third part crosses

Small
Bowel
Mesentery
e
(& (&) \Rcﬂec:}m
on bock
Krdney Ascending Colon dEdamen

. A Retroperitoneal 2 Organ with 3. Freely Suspended

Qrgan Peritoneum on 3 sides Organ with
Mesentery

Fro. %, Different degrees of periwonismiion of abdominal organs.
transversely in front of the lumbar vertebre, from which
it 15 separated only by the great vessels—the aoria and
inferior vena eava: It finally joins the small intestine at
the duodeno-jejunal flexure. The pancreatic duct and
the bile duets from the liver have a common opening
into its second part. (Plate 6.)

The small intestine proper runs from the duodeno-
jejunal flexure to the ileo-colic valve which marks the
junction of small intestine with the creum of the large
bowel, Its coils are completely surrounded by a peri-
toneal coat except for a narrow strip, the mesenterie
border, where the two layers of the mesentery diverge to
enclose them, In essential structure the small bowel
resembles the other parts of the intestine, possessing an
outer serous coat, & muscular wall, and a lining mucosa.
But charncteristic are the circular folds projecting mto
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the lumen; the enormous number of minute fringes or
willi of the mucosa which give it a velvety appearance

Desophogus

Cordin

Lesser
Curve

Pylarus

incisura
| Pytonic Canal

Duodenum

Fra. 97 (a}. The stomach, anterier surface.

Pyloric Antrum

like the pile of a carpet, a deviee for increasing the
absorptive area within a limited space; and the scattered
patches of Iymphoid tissue. Networks of blood and lymph
vessels and of nerves form plexuses between the layers,
all eventually forming larger trunks which run into the
mesentery. The blood-vessels of the bowel enter the root of
the mesentery as the superior mesenteric hranches of the
aorta and vena cava, and form a complicated pattern of
arches or arcades between its layers, from which the ulti-
mate twigs are given off which encircle the bowel itsell.

The jejunum is the upper two-fifths of the small bm_h'tl
the ilenm the lower three-filths; there i no sharp distine-
tion, but the ileum is thinner, narrower, less vascular,
and contains more lymphoid tissue, indicatons that
digestion and secretion are preponderant at the uppef
end of the bowel, absorption at the lower. The coils of
the small gut as a whole are enclosed within a spuce
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bounded by the limbs of the colon; and in general the
jejunum 15 above and 1w the lefv while the: ileum: is
central and inferior, some of its loops usually spilling
over into the pelvis before rsing again as the terminal
ileum to join the large bowel.

Foe. 97 (8). The muscle coam and sphinciers of the stomach,

The Mesentery. The leaves of the imesentery enclose
between them : (i) considerable fat and connective tissue,
(it} many lymph glands receiving the bowel lymphatics
or lucteal vessels; so called because of the milky fat-laden
fluid in them, (i) the mesenteric vessels, and (iv) nerves
supplying the intesting, It is stimuliition of the latter
which give rise to shock and collapse when the mesentery
it injured or twisted. The posterior attachment, or
“root™ of the mesentery is an oblique line of some six
inches running down the posterior abdominal wall from
the left of the sccond lumbar vertebira to the region of the
right sacroiliac joint below, crossing over the dusdenum
and great vessels, The great disparity between this short
origin and its extensive attachment to the bowel causes
the membrane to be thrown into fan-shaped folds,

r
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Large bowel.

The large intestine runs from the end of the ileam to
the extertial orifice of the anus in the perineal region.
Only wome 5.6 feet long, it includes the following
proTtions :

[i) the caccum, with its sermiform appendix;
(i) the ascending, transverie and descending limbs
of the eolon:
(iii) the palote colan;
{iv) the rectum and anal canal.

Derephagun
i Diaphragm

Tegmrivetee
Colan

Fig. 88. The stomach bed,.  Tie Ieft Jobe of the liver has been
cut away, and the ptomach iell removed, 1o show the organs on
which it liem. ~( After Gray),

Of these, only the transverse and pelvic segments of
colon have mesenteries and are freely mobile; the remain-
der are retroperitoneal, while the lower rectum and anus
are entirely below the level of the peritoneum in the
depths of the pelvis.

The caecum lies in the right iliac fossa, the shallow
basin formed by the internal surface of the iliac portion
of the innominate bowne. Tt is the blind saceulated
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commencement of the large bowel, the terminal ileam
opening into it at one side by an aperture guarded by the
ileacolic valve. The appendix is attached a little lower

Loaps of
Bowel

Bronch of
Superior Mesenteric
Artery

Arteriol Arcodes

Fio. 89, A loop of amall bowel, with jts blood vesiels,
down in the angle between the two.  The caccum has no
mesentery but is completely invested by peritoneum, and
has the considerable mobility of a flapping balloon
tethered at one point

The appendix is n worm-like tube of varying length,
blind at its free end, and with a tiny mesentery of its
own. [ts position is far from constant; it may lie tucked
up behined the eaccum, hang down over the pelvic brim,
or tum up-in front or behind the terminal ileum, a range
of variation responsible for the difficulties in diagnosing

acute appendicitis.
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Colon. The ascending, transverss anid descending
colon are armanged round the abdominal cavity like three
sides of a square—| |—but the two vertical limbs lie
i the paravertebral gutter on each side and therefore
behind the plane of the transverse linb, which sags
dewn towards the pelvis in a redundant fahion. The
junetions of transverse colon with the vertical linbs at
cither end are known as fexures, the hepatic: flexure on
the right under cover of the right lobe of the liver, and
the splenic flexure on the left in relution to the spleen.
And because of the greater hulk of the liver on the right
side of the abdomen, the hepatic flexure s pushed down
severul inches. lower than the splenic.  The colon in
general is distinguished by :

(i) three superficial bands of longitudinal muscle
standing out under the serous coat and traversing the
bowel from end te end—the taenia eoli, which are
spaced equally round its circumference;

(i) the scattered fatty tags or polyps which project
as the stalked epiplote appendages on the surface;

{iil} a segmentation into conrse sacenlations vaguely
resembling those of an earthworm,

The internal structure 33 like that of the howel in
general, except that the serous coat is incomplete
whersver the eolon is only partly peritonized, and that
‘the mueos i smooth and pale,

The ascending colon lies on the posterior abidomminal
wall, mainly on the quadratus lumborum musele: and
since it s bound there by a peritoneal covering on the
fromt and sides only, 15 relatively mmmobile,

The hepatic flexure lies in front of the lower pole of
the right kidney and is iself overbung by the right Inhe
of the liver.

The transverse eolon arches across the abdomen, lying
immediately below the greater curvature of the stomach
and obscured by the great omentum of the later, Tt i
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very inobile sinee it has a mesentery, the fransverse mesos
tolon, derived as we have wen from the doubling back of
the layers of the great amentum which diverge o enclose
the bowel, and then rejoin o form its mesentery as they
are reflected on the posterior abdominal wall (fig. 88),

Plate 6 shows the transverse colon to lie in front of
most of the structures of the posterior abdominal wall
at this level —<luodenum, panereas, great vessels, and
portions of the kidneys on cither side; and the promin-
ence of the lumbar spine behind all these asrches the
eolon forwards.

The splenic flexure les in front of the left kidoey,
immediately below the lower pole of the spleen, with the
diaphragm supporting it behind.

The descending colon, like the ascending, has no
mesentery and is plastered on to the posterior abdominal
wall belind the peritoneum. It rups down from the
splenic flexure as far as the pelvic brim on the left side,
where the shallow left iline fossa gives way sharply to
the deep true pelvis. And to reach this position it crosses
in front of the left psoas muscle and the left common
iline artery nnd vein,

The pelvic colon, the continuation of the descending
colon, extends from the pelvic brim to the beginning of
the rectum, opposite the middle of the saerum in the
depths of the wue pelvis, It has a long mesentery, the
pelvic meso-colon, and this part of the bowel is con-
sequently loose and mobile; it may hang down in the
pelvis or lie turned up in the main abdeminal eavity.

The rectum and eaus will be descnbed in connexion
with the pelvis (p, 187),

Blood -vessels and lymphatics of the large bowel
These are indieated disgrammatically in fig, 100,
Each limb of the colon has a main artery of its own: the
ascending and transverse colon have the right and middle
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colic vessels; hranches of the supenor mesenteric artery
which hus already supplied the whole of the small bowel;
while the deseending b receives the left colic division
af another great branch of the aorma, the inferior heemor-
rhoidal artery, which pusses down to the rectum after
giving twigs to the loop of the pelvic colon, Note that as
the rirht, middle and left eolic arteries apprroach the

Tramvyerie Calon

fplenlc Flesure
of Cahim
ﬂllfsl Calic, Artery
fea-Cmcal Artory Left Colic Artery
Ascending  Colon
Terminal (leuim ; .
Cacum S/ (BT i Goen

Appendiy
Hemarchpidal Arterict
Frez. 1000 The lerge Boseel and its blood-vessels, The transvesse Yowph
of calom, which s pormally dependent, has been turned up for clarfiy.
bowel (the middle between the layers of the transverse
meso-colon and the other two behind the peritoneum of
the posterior abdominal wall) they each fork into two
main branches which run parallel with the bowel to
anastomose with the adjseent vessels: They thus form a
continuous arterial channel from one end of the large
bowel to the other, a channel whose branches form a net-
waork of arteries whose twigy ultimately reach the intestine.
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The general peripheral pattern of the corresponding
vetns isosimilar; bur wheress the arteries: have sprung
from the great artery of the posterior abdominal wall, the
aorta; the voins do not return to the companion inferior
vena cava but enter an entirely separate venous trunk
behind the pancreas, the fortal vein, which gathers up
the splenic vein on its wity to run up in the leser omentum
and enter the liver, This so-called * portal circulation ™
ensnres that the venous blood draining from the bowel,
and eontaining the products of digestion, passes througl
the liver before entering the genéral circulation. This
organ is thus enabled to store cortuin of these products;
such ps glycogen;, and w effect certain biochemical
changes in others: such as the sphtting-up of proteins and
the formation of wrea.

Liver.

This is an appropriate place to consider the liver, a
bulky solid organ, the largest gland in the body, occupy-
ing the upper nght portion of the abdominal cavity. Tt
Has a brownish Friable sulstance, with a smooth peri-
toneal ecat, and 1 slung Trom the under-surface of the
diaphragm by suspensory ligaments which are the peri-
toneal reflexions on to the under-surface of that partition.
The large right lobe and the moch smaller left lobe lie
directly beneath the right and leflt domes of the dia-
phragm, and most of the organ s under cover of the ribs.
It reaches almost to nipple level on each side, and only
projects a little beyond the costal margin in the epigas-
tric and right hypochondriac regions, where it lies in
contact with the back of the anterior abdominal wall,

Note that, because 6f the upward bulge it produces in
the foor of the thoracic cavity, the lower horders of the
lung and pleural cavity actually sarround the upper part
of the liver in a sort of rim, so that a penetrating wound
in the lower part of the chest muay traverse the lung and
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pleura and then enter the liver. The organ is p «haped
in sagittal section, the sloping limb facing backwards;
with superior, anterior and posterior surfaces, and bluntly
rounded borders of which the inferior is the sharpest.
The anterior surface is oppozed to the backs of the

Fio. 101, The liver seen from behimd.  (Afier Gray).

lower ribs and to the hack of the anterior abdominal wall
in the epigastric region, On it, the demarcation of right
and left lobes is made by the feleiform Lgament, which
attaches the liver 1o the back of the anterior abdominal
wall'in the midline between xiphistermun and wmbilicus.
The superior surface rests in contact with the diaphragm.
The posterior surface s more complex. On the right, it
overlies the right kidney and the hepatic flexure of the
colon; an the feft, it covers the front of the stomach, the
upper pole of the left kidney with its suprarenal gland,
and the spleen.

The gall-bladder is attached 1o the back of the right
lobe and can just be seen from iy front projecting below
the inferior border, The inferior pesa caca is embedded
in the substance of the upper part of the back of this
lobe, on its way up to pierce the diaphragm and enter
the thorax. e <

At the very centre of the posterior surface of the liver,
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between the lobes, is the root of the organ; the hilum,
where the main vessels and ducts enter and leave the
organ, These structures are
(i} the hepatic artery from the aorta, dividing into
right and left branches to the two lobes;
(i) the portal vein, carrying nutriment from the

bowel, again dividing in two Liranches;

Fro, 102.  The liver from in front, with pan of the right lobe
eut away W ahow the structures entering and leaving the hiliem,
|Alter Gray),

(iii) the right and left hepatic ducts conveying the
bile secreted by each liver lobe, joining to form the
common hepatic duct, The cystic duct from the gall
bladdér joins the common duet a little below its forma-
tion, and the main channel thus formed to pass the bile
down o the duodenum 1= the common bile duct.
These structures—hile duct, hepatic artery and portal
vein—have to run from the liver to the posterior
ahdominal wall, and they do so betweéen the layers of the
lesser omentum, which s atiached to the hilum of the
liver at one end and to the lesser curve of the stomach
at the other,

rl



170 ANATOMY

The functions of the liver include the preparation of
carbohydrates and proteins for utilisation by the body
after their obsorption from the bowel; the storage of
excess carbohydrate as glycogen; and the secretion of the
bile. The latter is stored and concentrated in the gall
Bladder, a purcly mechanical reservoir with no secretory
Funetion of its own. It has'a muscular ecat which ¢on-
tracts in reflex response to the entry of food into the
duodenum from the stomach; the bile s then emptied
throogh the common duct into: the duodenum, where it
emulsifies the fat of the food inmo tiny globules for easier
digestion,

Surface bn comeset
with Stomoch

Hilum, with Splesic
Artery

Surfioce In oatogt

with L. Kidney

Surfote in. contect
with Calan

Lower Pale

Fiz. 103, The spleen.
Spleen.

Ths organ occupies a position immediately below the
left dome of the diaphragm corresponding to that of the
right lobe of the liver on the opposite side; but it is a
much smaller organ, entirely under cover of the ribs; of a
soft pulpy consistency with a fibrous capsule. Tt is
pyramidal or tetrahedral in shape, with a large smooth
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convex surface applied to the underside of the dia-
phragm, and three smaller surfuces facing inwards and
converging on the hdum, where the splenic artery and
vein are attuched. One surface forms part of the stomach
bed (fig. 98); the others are i contaet wath the left kidney
and the splenic flesure of the colon; and the tail of the
pancreas teuches to the hilum,

The spleen is a reservoir af red Dlood corpuseles; since
there are muscle fibres in its capsule and substance, it s
able to squeeze more cells out Into the cireulation if effort
or oxygen-lack make it necessary, and then the organ
shrinks considerably. It is also & site for the formation
of the lvmphocyies of the blood. and is concerned with
the elaboration of immune bodies m response 1o infection,

Posterior abdominal wall and related structures

Looking into the main abdominal cavity from the front
after removal of the great masy of smull bowel, we see
the pogeriar abdominal wall, a bony and inuscular
Loundary partly obecured by cenain organs and strue-
tures lying immediately in front of it These are the
pancreas und dusdenum, stretching tearsversely seross
lrom side to side; the kidneys and ureters, one in each
paravertebral recess: and the great vessels running ver-
tically downwards in the midline, [Plae 6.)

The posterior wall itsell is composed in the midline of
the bodies of the lumbar vertebre which project forward
so much as to render the abdominal cavity kidney-shaped
in cross-section, leaving a deep paravertebral recens on
each side in which Lie the kidneys and the ascending
or descending limbs of the colon. On each side of the
Lisilics is the psons musele, and more laterally the flat
quadratus jumborum musele, extending vertically batween
twellth ik above and ilise crest below. The plexus of
lumbar nerve roots, which emerge between the vertebre
1o form @ network whose ultimate branches supply the
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leg, lies embedded in the psods muscle. The upper
limit of the posterior wall is the lowest attachment of
the diaphragm behind; the lower limit s the pelvie brim;
and laterally it is continuous with the abdominal muscles
of the fiank.

Great vessels: aorta and inferior vena cava

The abdominal aorta is the continuation through the
aortic aperture of the diaphragm, at the level of the
twelfth thoracic vertehra, of the thoracic portion of this
great artery which has arisen from the left ventricle of
the heart. Tt runs down the midline, immediately in
front of the lumbar bodies, as far as the fourth lmbar
vertebra, where it divides into the right and left common
iliac artorics; a bhifurcation marked on the surface by-a
point just below and to the left of the wnbilicus. It Jies
therefore very deeply, and is crossed mransversely by the
body of the pancreas and the thied part of the duodenum.
There is & mass of sympathetic nervous tissue on each
side of its commencement, the coelise ganglia or solar
plexus, just below the diaphragm; and branches of this
form a network around the length of the vessel as the
aortic plexus. The main sympathetic chain lies on the
vertebral bodies to either side of the aora.

The inferior vena cava is a great vein lying immedi-
ately to the right of the sorta, draining the venous blood
from the lower abdomen and legs. Tt is formed by the
unjon of the two common iliac veins in front of the body
of the fifth lumbar vericbra, the junction lying behind
the moght commmon iliae artery, And it runs up the
posterior abdominal wall to pierce the central tendon of
the diaphragm and enter the nght atrium of the heart.

The branches of the aona include :

(i) single unpaired branches from the front of the
vessel in the midline : the coeliae axii 1o liver, spleen
and stomachy the s perior mesenteric to small howel,
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ascending and transverse colon: and the inferior

mesenteric 1o the remainder of the lorge bowel ;

(i) ‘symmetrical paired branches on each side to the
diaphragm, suprarenals, kidneys, testicles or ovaries.
Of these the largest are the remal arteries, and the
right renal his to pass behind the vens eava 1o reach
its kidney, Since the ovaries lie in the pelvis, and the
testicles even lower, their vessels have to run longi-
tudinally downward on the posterior abdominal wall
to reach them, in company with the wreters, The
paired branches of the vena cava correspond to those
of the aorta, with certain adjustments for the slight
difference in position, e.g., the left renal vein is much
longer than the right and has to cross in front of the
aorta. But there is o copsidemble difference in the
fate of the venous blood from the bowel, for this has to
pass through the liver hefore entering the general cir-
culiation so that the pricducts of digestion may be dealt
with., This is achievied by means of & small secondary
portal circulation. The superior and inferior mesen-
teric veins join behind the pancress to form a main
portal vein which also drains the stomach and spleen.
This portal trunk then ascends between the layers of
the lesser omentum 1o the liver, there giving a branch
1o each lobe; in the omentum it forms a common
bundle with the bile duct and hepatic artery.

After the portal blood has passed through the liver
substance, it re-enters the general venous stream by a
number of little hepatic veins opening directly into the
vena cava as it lies in contact with the hack of the liver,
just hefore its passage through the diaphragm.

The main lymphatic drainage from the abdomen,
including the lacteal vessels carrying digested fat from
the bowel, is into a small vessel, the cisterna chyli, lying
between: the upper parts of aorta and vena cava; it enters
the thorax with the aoria to become the thoracic duct,
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which s destined to travel richt up to the ot of the
neck on the left side hofore dischurging its contents into
the venous circulation. '

Pancreas,

This; the sweetbread, is a soft, solid, lobulated organ of
e—-sluipe, embraced in the concavity of the duodenum
and strewhing transversely across the  posterior abdo-
minal wall and great vessels. It is composed of u head,
the lurge rounded right-hand extremity, closcly packed
into the duodenal curve: a meck connecting the head to
the body, which stretehes right across the midline to the
feft side, in front of the great vesels and the upper part
of the lefr kidney; and a final tail, tuming up to reach
the hilum of the spleen.

The pancreas is an important otgan, both of external
snd internal secretion. The external secretion, the pan-
ereatic juice, aids in digestion of carbohydrates, fats and
proteing; it is discharged through the main pancreatic
duct wto the second part of the duodenum. “This duct
forns » common channel with the lower part of the
cominon bile duct, so that bile and pancreatic fuice are
dischurged smultaneously when required, the openitg
being kept elosed liy a sphincter between meals.

The. internal secretion, from eertuin sland-groups of
cells, is imsulin, which passes dircetly into the blood
streamn-and is essential for the proper utilization of sugar
in the body; deficiency of this secretion is the cause of
diabeies.

Plate & shows bow the superior mesenteric vessels
emerge from behind the body of the pancreas and then
pass in front of its head 1o enter the mesentery of the
small bowel. The splenic artery runs in wavy fashion
along the upper border of the organ from the coeliac
branch of the aorta to the spleen. And the lower parts
of portal vein, hepatic artery and conmon hile duct are
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all situated in or behind the sulstance of the head and
neck,

Kidneys and Ureters.

The kidneys are responsmble for the removal of waste
products and excess water from the blood brought to
them by the great renal vessels; and the urine they excrete
is passed into ducts, the wreters, which carry it 1o the
bludder, The kidneys lie one in each parsvertebral recess,
closely applied to the posterior abdominal wall, They are
rounded, bean<haped orguns, convex at their outer
borders and concave where they face the midling; with a
main body and upper and lower poles. Perclied on the
upper pole like a little helmet 13 the suprarenal gland, an
organ of internal secretion:

The kidneys are rather flattened organs, lying obliquely
with the upper pole rather nearer the midline; and the
general level of the right kidney is an inch or more lower
than the left, owing to the great bulk of the overhanging
right lobe of the liver, which, as we have seen, produces
a similar difference between the two flexures of the colon,
Thus, while the left kidney rests on the eleventh and
twelfth ribs behind, the right s in contact only with the
twelfth. At the middle of the concave medial border s a
puckered depression, the root of the organ or hdum,
where the artery and vein are attached and the ureter
makes its exit.

Longitudinal section (fig.105) shows the organ to have
an-onter solid substance enclosing an inner cavity, the
remal pelvis, which collects the urioe as it is formed. The
retal substance hias an outer rind or corfex and a deeper
medulla - and the latter is nrranged in pyramidal masses
whose apices project into little bays of the pelvis called
the calyces, The microscopie renal wibules, in which the
urine i= Tormed, discharge their content at the tips or
papillee of the pyramids into. the renal pelvis. The pelvis
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itselfl is partly enclosed within the kidney—ithe intra-
renal portion; and partly emergeds at the hilum as the
extra-renal portion to become continuous with thie ureter
at the pelvi-ureteric junction,

L. Kidney

R. Kidney

R. Ureter L. Ureter

Bladder

Urethra

Fig: 104. The Urinary System.

The kidney has a wough true capsule which forms the
glistening outer surface; and lies embedded o a much
looser and more voluminous false capsule of perinephric
fat and fascia in which it glides up and down with res-
piration. It is liberally supplicd with nerves and con-
sequently is vory sensitive to over-distension if the free
exit of urine is olstrucied.

Since the kidneys e on the lower rbs, they are in
relation to the lowest part of the pleural cavity of the
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chest, which overhangs the back of the upper pole,
separated only by the lowest fibres of the diaphragm: but
1nast of the organ lies on the psoas and quadratus muscles
behind, The other relations have already been touched
on, and differ somewhat on the two sides,

Right. The night lohe of the liver 5 in front of mest
of the anterior surface; the secand part of the duodenum
lies before the hilum; the hepatic flexure of the colon is
in front of the lower pole.

Left. ‘The body of the pancreas crosses the middle of
the anterior surface; the latter alw forms part of the
stonnach bed. The spleen is applied to the convex outer
barder, and the splenic flexure of the colon is in contact
with the lower pole.

The wureters, the ducts of the kidneys, begin at the
pelvi-ureteric junction in the hilum of the kidney; emerge
from behind the renal vessels; and run oblicuely down-
ward and inward on the psoas muscle behind the parietal
peritoneur,  Reaching the pelvic brim, they cros
front of the conunon iliae vessels, run down the side wall
of the true pelvis, and finally enter the bladder. They
are hollow muscular tubes, some 10 inches Jong and one-
sixth of an inch in diameter, down which urine is pro-
pelled in gushes by regular waves of contraction, or
peristalsis,

The dinphragm.

The chief muscle of respiration, and the most impor-
rant musele of the body after the heart. We have seen
that it forms a partition, part muscular, part tendinous,
between the thomcic and abdominal cavities. 1t hos a
right and left muscular dome rising high into the thorax
and separating the hase of cach lung from the abdominal
viscern; and there is an intermediate flaver central
tendon, on which rests the heart in the pericardium.

The musculir portion must obviously have a mumber
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af bony origins at different points around the periphery
of its lower attnchinents Tlhus, in front, it arises from
the back of the xiphisternum; at the sdes, fron the deep
aspect of the lower ribs: and in the midline posteriorly
it enters into the formation of the upper part of the

Fios. 100, Khdney and suprarenal glaod, boginalinal seetion.

posterior abdominal wall by arising in two muscular
pillars from the sides of the upper three lumbar vertebre,
forming the erura of the disphragm (fig. 106).

There are several apertures for the structures passing
between therax and abdomen. The aortic aperture i
where that vessel is embraced by the two crura as they
cross it front of the body of the wwelfth thoracic ver-
tebra. The oetophageal aperzure is in the muscular suls-
stance. of the lefe dome at the level of the tenth thoracie
body. And the opening for the inferior vena caza lies in
the central tendon just to the right of the midline at the
level of the ninth thomacic body, (Plate 6.)

Tt may be mentioned biere that there are occasionally
congenital deficiencies in the muscular sabstance of the
partition, as clefts between its different heuds of origin.
Thus there may be a gap between sternal and costal
attachments. And when this i< 0 some of the abdominal
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viscera—the stomach, liver or small bowel—may herniate
through and lic in the thorcic cavity in contact with the
lung. Thisis a dinphragmutic hernia, and it is commoner
ot the left side as the hulk of the nght lobe of the liver
usually prevents such displacement.

Fral 106, The Dinphragm, seen from helow.  (Afier Graord

THE PELVIS
We have already seen that the Jower portion of the
main’ alkdominal cavity i known ns the pelvie cavity]
and thar the latter is set at such a backwaurd inclination
from the vertical that it forms rather a separate com-
partment, although the two are freely continuous at the
pelvic inlet (fg. 88).

The cavity is formed by the basin-shaped arrange-
ment of the bony pelvis, the ring formed by the two
innominate bones at the sides and in front, and the
sacrum and coceyx behind; @ ring which is interposed
between the lower spine and the legs (figs. 23, 24). The
bony pelvis falls naturally in two parts (figs. 108, 112).

(i) the false pelvis, the shallow edges of the hasin
above the pelvie brim on each side, Le., the right and
left ifiac foser, which are clothed by the iliacus muscles:
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and support the caecum and pelvic colon respectively;
(i) the true pelvis, the deeply-enclosed portion below
the pelvic brim, containing the essential pelvic organs.
The true pelvis is what & wsially meant by the word
“pelvis™ in general use and our further remarks will
apply o it alone, as the false pelvis merely forms on
each side the floor of the abdominal cavity proper.

Pubiy

Ischial
Tubreaity

Bauttocks
Fro. 107. The female perineurn.

It has an wnlet, an outler, a cavity; and' a floor; its
boundaries are only partially bony and are complewed by
moft tisgsues—muscles, ligaments and membranes; and the
Boor Is composed entirely of soft tisues,

The iulet faces mainly forwards, and only slightly
upwards, owing to the murked backward inelination of
the sacrum. Its boundary is the pelvic brim, which is
seen [rom above to be heart-shaped, with the projecting
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upper part of the sacrum, the promontory, encroaching
considerably behind and the obtuse angle of the pubic
arch meeting at the symphysis in front (figs. 23, 24).

The ¢anity is a conical canal, much deeper posteriorly.
Its walls are: anteriorly, the back of the pubic sym-
physts and rami; laterally, the pelvic aspects of the inno-
minate bones, with the obturator foramina bridged acros
by the obturator membranes; and posteriorly, the ante-
rior surface of sacrum and coecyx. These bony walls are
very incomplete and are lined by various muscles, by
pelvic fascia, and to some extent by the pelvic perito-
neum. The principal contents of the cavity are the pelvie
colon and the rectum on the posterior wall, in the hiollow
of the sacrum: and the bladder in front, immediately
behind the symphysis. In the woman, the uterus and
vagina are interposed between rectum and bladder; in
men, the bladder rests on the prostate gland and seminal
vesicles.

The outlet is a diamond shaped space when seen from
below. The four bony points of the { are: anteriorly,
the symphysis ¢ at each side, the ischial tuberosity, and
posteriorly, the tip of the coceyx, the lowest part of the
spinal column. The two anterior limbs of the ¢ are
bony, the pubic arch formed by the inferior pubic rami
running up to the symphysis; the two posterior limbs
are ligumentous, the sacro-tuberous ligaments spanning
from sacrum and coccyx to ischial tuberosities,

Sex difference In the bony pelvis.

These arc more ohvious than in any other bones, as
the female pelvis has to allow the passge of the baby's
head in the proces of birth or parturition. As a result,
it is roomiier than the male and shallower. The female
pelvis has its side walls more vertical, the ilinc fosse are
shallower, the inlet is large and nearly circular, the
sacrum is short and wide and projects but little into the
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pelvic cavity, and the outlet is wide, the pubie arch
forming an obtuse angle, while the cocoyx is usually very
mobile.

All these characters sre reversed in the male pelvis, a
narrow cavity with sloping walls, small heart-shaped
inlet with marked sacral encroachment, a tighter ‘outlet
with the pubic arch an acute angle; and a more rigid
COCCYX.

The female pelvis may be contracted or distorted, either
congenitally or from disease such as rickets; and then
labour may be more or less shstructed and normal child-
birth an impossibility,

Surface anatomy.

The only region where the pelvis comes near the sir-
face is at the periseum, the spice between the legs which
contains the external orifices of genital, urinary and
digestive tracts. Fig. 107 shows the female perineal struc-
tures as they overly the framework of the pelvie outlet.
There is a diamoud-shaped area of perineal skin, divided
into two trizngles by a line joining the ischial tuberosities.
The posterior anal triangle contains the opening of the
anus, continuous with the rectum above, The anterior
urogenital triangle comtaings the apening of the vaging,
the lower end of the genital tract; with the wrethra just
in front, the urinary channel which has run down from
the bladder through the pelvie floor; lurther forward still,
is the clitoris; the dimmutive female equivalent of the
masculine penis, _

In men, the anal triangle is similar, but the urogenital
vegiaon is very different owing to the absence of the vagina
and the presence of the penis. The latter hay at its base
a central bulh, attached to the midpoint of the perineum,
into which the urethra passes after its passage from the
hiladder through the prostate and pelvie floor (figs. 108,
108); and it has two lateral supporting crura, attuched
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Obeuretar Intermn

Tewe Pelwg Mtk
Frostare Levotor Am
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Urethra —
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Bulk of Peris

Fia. 108, Coronal sectiom of male pelvin. Nore the distinction. between
true and false pelvis ; alo the muncles of the pelvic floar. [Alfer Grar'(

»-'.'J N s{_‘\

Blagdes
Spmptyais Bubly

Frattote

Pemi —

Fio. 109, Midline sagitial section of the male pelvis, (Alter Gray).
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to the pubic arch on each side and converging on the
bulb to form the shaft of the organ, which is traversed
throughout its length by the urethral canal, opening at
the external urinary meatus at its tip,

The pelvic fioor,

The pelvis may be compared to a funnel with a very
wide stem; the fale pelvis will be equivalent to the
sloping sides of the funpel and the true pelvis to the
vertical portion. The pelvic organs proper are cons
tained within the vertical portion and rest on its floor, a

Fra. 110, Midlline sgittal section of the fomale pelvis,

muscular partition slung from the sidewalls of the cavity
and sagging obliquely downwards under their weight.
Since it is a muscular partition and embraces the various
canali—anal, vaginal, urethral—which pierce it to reach
their perineal onfices, it surrounds each of these with an
encircling sphincteric grip. The upper aspect of the
pelvic floor i related more or less intimately with the
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parietal layer of peritoneun, which lines the pelvis as a
closed sac, and it rellected over the contained ongans,
The general arrangement is shown in longitudinal section
{figs. 109 and 110}; and is considerably simpler in the
male,

In the male, the peritoneum is reflected from the back
of the abdominal wall over the upper suriace of the
bladder, dips down in a recess between bladder and
rectum (the recto-vesical pouch) and then turns up again
over the front of the rectom.. Thus, the greater part of
the bladder is below peritoneal level, and the prostate
entircly so.

In the female, the peritoneum, after covering the
bladder, is thrust up by the projection of the uterus; it
covers the anterior and pesterior surfaces of that organ,
passing off the latter to form the recto-uterine pouch—
the most dependent part of the abdominal cavity—before
ascending again on the rectun

In both sexes the lower limit of peritoneum 15 at the
level of the third piece of the sacrum; the upper part of
the rectum has a peritoneal covering in front, but no
miesentery, and the lower part is entirely below peritoneal
level.

Pelvle viscera.

We can now describe the pelvic viseera in more detail;
bladder and rectum are mueh the same in both sexes, but
the genital organs need separate discussion, and will be
dealt with later (Chapter XITI)

Bladder.

This is a hollow muscular organ occupying the
anterior part of the pelvic cavity; it receives urine vin
the ureters from the kidoeys, and expels it into the
urethra by the act of micturition, Tte shape is inconstant,
owing to the varying degree of urinary distension, but
is roughly that of an inverted pyramid resting on its apex
when, contracted and empty, it lies entirely within the
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pelvis. As it distends, its domed upper portion or fundur
ascends unto the alidomen, in contuet with the back of
the posterior abdominal wall, and may reach as far as
the umbilicus in cases of chronic obstruction to the
urinary outflow,

Vas Deferem

Ureter

Seminol Vesicle

Prostate

Urethra

Bo. 111
Bladder and associaind organs o the pmle, Poerior aspect,

The upper surface 15 covered by peritoneum, and the
ureters open into the organ at its upper lateral angles by
valve-like oblique passages through the muscular wall, at
the right and left ureteric orifices. The tapering dependent
portion, the bladder neck, in continuous with the urethra
ut the imternal urinary meatus. The two ureteric orifices
and the internal meatus form the three points of the
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trigone, an important region of the bladder Luse, very
sensitive to stitnulition.

L twomen, the organ is overhung from belind by the
body of the uterns: and the urethrai s a short canal of
only one and a half inches which pierces the pelvic floor
to open immedimtely in front of the vagina, In men, the
neck of the bladder rests on the proitate gland, into
which the male urethra passes; the seminal vesteles for
the stornge of sperm, and the ducts conveying sperm
from the testicles, are also in close relation to the lower
part of the male bladder.

The bladder wall is only partly peritoneal; there is a
thick muscular coat and a mucosal lining which i ridged
and wrinkled whesn the organ is contracted, owing to the
slack required to permit distension. The mvoluntary
nervous system adjusts muscle tone ro fud content so
that it relaxes as it fills; keeping the tension constant until
 threshold level is reached, when the tension rises and
felt as a conscious urge to micturate.

Rectum and snus.

The rectum is the lower part of the large biowel ; faeces
enter it from the pelvic colon and remain there until dis-
charged by defaecation. It is some five inches long.
beging as the continuation of the pelvic colon at the
middle of the sacrum, and conforms to the hollow of the
sacral curve in its course, inally turning forward at the
level of the coccyx to join the anal canal, & short wide
passage one and & half inches long which bends sharply
backward to open externally at the anal orifice,

The rectuin has a wavy course from side 1o side, and
its lower portion or ampulls is capable of consideralile
distension ; two or thres valve-like folds of mucosa project
into its lumen. Ouly the upper portion has a peritoneal
coat, and that only on the front and back sides of the
bowel: the main part of its wall is longitudinal and
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Fie. 112, Coronal section of pelvis 1o show the rectum and

anus.  Note the distinction between true and falie pelvis, also

the lower limit of the peritoneal eul-desac. {Afier Gray).
circular muscle, and the lowest part of the latter is
thickened as a powerful ring gripping the ano-rectal
junction, the internal sphincter,

The anal canal is also widely distensible for the passage
of faeces; its upper part is lined with mucosa, but the
lower hall inch by inturned skin continuous with that of
the perincum. And immediately under the peri-anal
skin, encircling the onifice, is another circular muscle, the
external sphincter. Both sphincters are normally closed;
in the act of delaecation they relax; the abdominal wall
tightens and voluntarily mises the abdominal pressure,
and the rectum is lifted up over its contuined faeces by
the muscular Aoor of the pelvie
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Othar pelvle structures.

‘The ureters cross the pelvic brim by pasing over the
common iline vessels: travel down the sidewalls of the
true pelvis under the peritoneum, a couple of inches
away from the rectum; and then sweep inward and for-
wird in a wide curve to reach the angle of the bladder.

Vessels.

The commen iliac vessels pass downwirds and out {rom
their formation, and divide at the level of the lumbo-
sacral joint into external and internal iliac branches. The
external iliacs continue the same course along the pelvie
brim, together with the psoas tendon and the femoral
nerve more laterally; and pass beneath the inguinal liga-
inent to emerge as the femoral vessels in the front of the
upper part of the thigh. The internal iliac vessels descend
sharply down the sidewall of the true pelvis and break
up into several branches supplying bladder, rectum, and
genital organs.

Nerves.

We have already noted the lumbar plexus on the
posterior abdominal wall, and this is contirued in the
pelvis as the sacral plexus of nerve roots emerging from
the foramina of the sacrum and lying on the posterior
wall of the cavity. The main branch of the lumbar plexus
ia the femoral nerve which accompanies the psoas tendon
and external iliac vessels to the thigh; and the main
lranch of the sacral plexus is the sciatic nerve which
Jeaves the buck of the pelvis to emerge in the depths of
the buttock behind.

The sympathetic chain is. continued down from the
abdomen to run on the front of the sacrum and coccyx,
ending as a single fused ganglion on the latter bone,

Uterus, uterine tubes, ovaries, vagina, prostate, seminal
vesicles, testicies and their ducts, are described in Chapter
NTIT in detail, in connexion with reproduction.
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THORAX

Tue thorsx s a complete and intricate Loy cage,
containmg the heart and lungs. Tts apparent eylindrical
shape 5 illusory, and due 1o the upper projection of the
shonulders on each side; when these are removed (fig. 119)
it is seen to be conical or barrelshaped, with quite a
HATTOW Apex.

Bony wall.

In the midline behind are the 12 thoracie vertebrae of
the spmal coliumn, and in the midline anteriorly the
breast-hone or stermum; between them are the encircling
tibs. Note, in crosssection (fig, 116) the paravertebral
recess on each side of the spine due to the backward
curve of the riks before they turm forward,

Ribs.

There are 12 pair of ribs; separated by the intercartal
spaeces which contain the intercostal muscles, nerves and
vessels, The first seven are trae ribs, complete rings from
spine to sternum | the cighth, ninth, and tenth are false
wibyy not reaching the pernum bt tuming up to join the
ribie ahove; und the eleventh and twelfth are shoet foating
ribs ending in frie blunt conical ends, embedded in the
flank muscles of the abdomen. The first and twelfth
nibs are very short, the intermedinte ones reaching their
greatest size at the seventh and cighth, so that the barre] -
contour of the chest slopes away in again shove and
helow this level Each rib also slopes somewhat down-
wartds, its sternal end being lower than its vertebral end.

Each rils possesses u head, articulating with the side of
the vertebrul body; u short neck, lving on the transverse

tgo
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process of the vertehrae; a body which runs back a liste
and then changes direction sharply at the angle 1o sweep
| forwards; and finally the costal cartilage, a gristly rod of
one or two inches eonnecting bony rib to sterpum. The
framework is a little deficient below anteriorly, where the
costal arch is formed by the nght and left costal margins,
The intercostal spaces arve hlled by layers of muscle
between which the intercostal vessels and nerves encircle
the chest, giving branches in their course. One nerve,
artery and vein occupy each space, a good example of
the pattern of segmentation (p. 21).

Fro. 113, The bony thoracic cage, seen from in front.

The sternum or breast-bone i dagger-shaped, with
thrée main pieces. Uppermost is the broad Hat menu-
brium, to which are attached the inner ends of the
clavicles and first obs on each side. Below this is the
main body, a flat bone of two compact layers enclosing
spongy bone and red marrow, with the costal cartilages
attached on either side. And inferiorly is the small
pointed xiphisternum, already encountered in the upper
part of the ahdominal wall. '

‘The thorax has an inlef above, through which the
great vessels and nerves pass up into the neck, or out
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over the upper surface of the first rib into the axills and
arm. The inlet is narrow and closely pucked, only two
and a half inches separating the back of the manubrium
from the front of the spine, with the first ribs on either
side. The most important structures traversing the inlet
are the oesophagus (gullet), trachea [(windpipe), certin
merpes, and the great arteries and weing.  There is go
inferior outlet as the thorx is sealed off below by the
chiaphimgm,

Resplration.

The purpose of respiration is to draw air imo, and
push air out of, the lungs. 1In inspiration, the chest
cavity is enlarged and air enters; in expiration the reverss
occurs.  Respiratory movements are hoth thoracic and
abdominal, though either way occur woarately. In

Hech
Joims Cartilgpe

Fio, 114, A typical rib seen from behind.

thoracic inspiration, the sternum s lifted up by the
elevation of the ribs which come 1o lie more horizontally ;
and both the transverse and antero-posterior diameters
of the chest are thus increased, In abdominal inspira-
tian, the diaphragm contracts and its domes flatien ot
pressing the abdominal organs down and bulging out the
abdominal wall; in this way the vertical beight of - the
thorax is increased. Thus inspiration is an active process,
due to muscular exertion. Expiration, on the other hand,;
is passive; the chest wall sulnides, the abdominal wall
recoils, the diaphragin relaxes, and air is driven out of
the hings.
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The muscles of the chest wall.

Anterior. In front, the chest wall is covered by the
great mass of the pectoralic major, to which we have
already referred in connexiott with the ann  Arising
from sternum, clavicle and rils, its fbres converge
Laterally as they are inserted into the upper humerus; its
function i« adduetion of the urm 1o 'the side. A smaller
pectoralis pinor lies under cover of the tnajor, arising
[rown three or four riby and insered mto the coracoid
process of the scapula. In the lower part of the chestwall,
some of the abdominal muscles are attached 1o the ribs:—
the reetus pear the midline, and the obligue muscles
more lateraily,

Paiterior. These are shown in fg. 115 Two great
supetficial sheets of tnuscle are the rapezius above and
latissmus below. The trapeziug i a triangular muscle
with jis biase attached to the spinous proceses of the
thoracic vertelre, and extending up the back of the
neck as far as the occipital remon of the skall.  The
misscle nurrows rapidly as it converges to its inserton on
the spine of the seapula and the back of the clavicle.
As we have: seen; 15 Tunction 15 to rotate the scapula on
the chest wall (fig. 33{b)), and thus aid the movement on
abduction at the shoulder joint.

The latisrmus dors v somewhat overlapped by the
trapezius above, It originates from the lower thoracie
veriehree, and from the lumbar spine via o dense sheet
of lumbar fascia. And its fibres pass away and up to he
inseried into the humerus at the same level as the
pectoralis major; like that muscle, it adducts: the arm.
Placing one's fingers in the anmpit, a thick muscle boun-
dury is felt both in front and behind; the one i front,
the anterior wall of the axilla, is the pectorals, the one
behind, the posterior wall, is the latissimus.

Under eover of the superficial muscles hehind are the
erector spina miscles, which grouped together form 4

o
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thick rounded belly stretching from kkull to sierun en
cuch side of the vertebral colunm. It gons atmchment
to the o, vertebrae, ribs and skull, at different levels,
and by its tonus helps to maintain the normal curves of
the spinal columm in the erect posture. lts:action i to
extend, i.e,, straighten out, the spine, including the head

il

Wify W Erecer Splam
I,.L_.-‘_;X'I ." ipper Pare)

‘.
Tropezia :_ g:ﬂ- e Supranpinotur
o..w 1 - ..lﬁfrmpmmn
= Terer Miner
F—Terea Majod
Ratizgimue
=i
EA A — Epretet Spina
2 {Lawar: Faer)
Extermal Obiique

Glitans  Modie

\ Gliteus Moxmn

Fa. 1150  Muscies of the baek.
O the rght side the superficial mmscle layer has been removed
© io'exposs the ideeper stmuctures.
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Surface Anatomy.

Anterior. If the cluvicles are traced to their medial
ends, there can be felt between them, in the hollow of the
base of the neck, the manubrium of the sternum. Two
inches lower, in the midline, the junction of manubrium
and body of sternum is marked by a prominent ridge,
the sternal angle; it is easy to feel the costal cartilage of
the scond rib attached here on either side.

The main bady of the sternum is subcutaneous, a broad
plate of bone ending below as the little xiphoid process,
which is rather depressed below the surface in the angle
formed by the meeting of right and left costal margins.
The nibs are attached on each side of the sternum and
are hest mumbered by first locating the second nb, as
indicated, and then counting downwards; for the inner
ends of the first rb lies so deeply bepeath the clavicle
that it cannot easily be felt. The ribs are palpable well
out into the side and even round to the spine, depending
on the amount of overlying fat and muscle; and the
intercostal spaces are to be felt as depressions between.

The nifiple lies in the fourth space in men (e, between
fourth and fiflth ribs), but is more variable in women
owing to the size of the breast; the (emale breasts are
described in Chapter X111 The beating of the apex of
the heart is felt or seen just medial to the left nipple,
ie., in the fiflth space on the left side, some three and a
hall inches from the midline, but this again is inconstant.

The surface markings of the heart, lungs and pleura,
are shown in Plate 7. Note that the lungs do not
extend quite as far as the lower borders of the pleural
cavity; this docs not imply an empty pleural space below;
the space is potential only, comprising simply a narrow
cleft here between diaphragm and chest wall where the
two pleural layers come in contact. The apex of the

i T&pbcmlnh:linin;wmbnmnfth:chmm&nﬁ,,m
peritopeum jn the abdominal aavity,
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plevra just emerges into the root of the neck on each
sidle, and the two pleuril sacs touch each other behind
the sternium.

Posterior, The back of the chiest i ohscured by the
overhanging shoulder-blades above on each side, and by
the great muscle masses of this region. The spinous pro-
cesses of the thoracic vertebre are felt in the midline.
but the ribs lie deeply and can only be felt by heavy
palpation. The eleventh and twelith ribs are quite short,
extending outwards for only a lew inches on each side
uf the spine.

Thoracls Cavity.

The thorucic cavity is divided into right and left halves
by a massive partidon, the mediastinum, which lies in
the sagittul midplune, stretching from the back of the
sternum to the vertebiral column. Vertically, it extends
from thorucic inlet above to dimphrugm helow, The two
halves of the cavity are completely separate, and contain
the right and left lungs. Each lung is attached to the
mediastinum at its root or Ailum by its bronchus (air-
tube) and hlood-vessels.

The eavity is lined by a smooth serous membrane, the
pletira, which Facilitates the gliding of the lung on the
chest wall, Each pleural space is thus 4 closed sac, for
the pleura, like the petitoneum, is divided into parietal
and zisreral layers which are everywliere continuous
The parietal pleura clothes the deep aspect of the rils,
the upper surface of the diaphragm, and the sides of the
mediastimum: and the vieeral layer encloses the lung,
the two layers being continuous along the roor of thar
organ, The apex or dome of the pleural sac rises inio
the root of the neck, a little way above the clavicle on
each sice; and its base overhangs the liver in front and
the upper poles of the kidneys behind. Though the lung
clasely follows the pleural distribution, it does not reach



THE THORAX 197

quite as far as its upper and lower limits. Normally there
is no actual pleural cavity, for the two layers are in con-
tact, the lung entirely filling its side of the thorax. But
the lung is a very elastic structure, constantly tending to
shrink down and expel its contained air. This cannot
occur normally, and a pegative pressure is thus set up
in the potential pleural space; the moment that air is

Tumnor Fermbda

My ariraam
wilt Mosrt aad
Gie=t Yesenl

Cortal Baypimpess
Carvilpe

g, 116 Crosssection of the chest to show I division into
right and Jeft halves by the medisstinal partitinn,

admitted to the latter, by wound from without or per-
foration of the lung from within, the lung immediately
shrinks into a small, solid, airless mass collapsed against
the mediastinum, This is made use of in the treatment
of pulmotiary tuberculosis, where a diseased lung is rested
by the deliberate introduction of air into the pleural
cavity to form what is known ns an artificial pneumo-
thorax.

The heart is embedded in the mediastinum itself,
occupying a central position in the chest between the two
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lungs, though extending wore townrds the left side. Tt
is enclosed in a fibrous sac, the pericardium, which rests
on the central tendon of the dinphragm below. Plates 8
und 9 show the right and left sides of the thoracie
cavity after removal of the lungs; it can be seen how the
mtervening mediastinal partition is packed solidly with
vital structures—heart, great vessels, trachea and oeso-
phagus,
Contents of the Thoracic Cavity

The general arrangement of heart and lungs is

indicated in figs. 95 and 117, Fig, 95 shows the thoracic
viscera after removal of the anterior chest wall, and it
will be noted how the lungs overlap the heart that only 4
small part is in contact with the back of the stermun.
Fig, 117 shows the organs removed from the chest, with
the lungs turned back to expose the great vessels and
heart; the fibrous bag or pericardium enclosing the latter
has been opened.
Trachea and bronchl. The trachen enters the chest
from the neck at the thoracic inlet and runs down
to the level of the sternal angle, where it divides into a
right and left main bronchus for each lung. In its short
course it has the eesophagus behind, separatling it from
the spine, and the great vessels—aorta and superior vena
cava—in front, separating it from the back of the
sternum.  The bronchi enter the lungs at their roots,
together with the pulmonary arteries and veins; and all
these structures ure shown cut across in Plates 8 and 9 as
they project laterally from the mediastinum to reach the
hilum of the lungs. Trachea and bronchi have in their
walls numerous cartilaginous rings which keep the
hollow thues from collapsing and maintain a free ait-
passage. In the trachiea these rings are deficient behind,
'wgqﬂ;u the windpipe is semicircular in section. (See fig.
129,
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Lungs.

The lungs are light spongy organs designed to provide
the maximum internal surface area for the interchange
of oxygen and carbon dioxide between air and blood.
Pink at hirth, they become increasingly Bluish-black with
age in town-dwellers, owing to the carbon deposited
from inhaled smoke. A fine reticular pattern on the sur-
Jar:::lh indicates their underlying subdivision into small
lob

Trachrd

R, Caronid .‘Ilrr;
A. Subclavion Arfery

£ Carotid, Artcry

Vema Cove

Cosangry
Veaueds

Tia 11T L, heart and %;M vessels, seen [rom in front

after removal from the chest, lurnes normally everlap the
jreates part of the licart atid have been rewracted 10 expose that
OFESIE. ( Afer Goray )

Each lung is divided into & main upper and lower lobe
by an oblique fissure runmng downwards and [orwards;
and the right lung has in addition a third lobe, marked
off from the upper lobe by a short transverse fisure. The
lungs are pemmﬂttdbyelnticti:mw,arﬂ the action of



200 ANATOMY

this has been referred 1o, When removed from  the
chest, they immediately collapse 1o i quarter of their
normal size. The whole or any part of the organ foats
in water, unless rendered solid by disease,

The lungs lic free in the chest, enclosed in the visceral
pleurs, and are attached only by their roots to the media-
stinun. The apex of each organ rises into the oot of the.
neck, I} inches above the first rib, i.e., § inch above the
micdle of the clavicle, The base rests on the upper sur-
face of the diaphragm and i hollowed out by the bulge
of that partition, which separates it on the right from the
right lobe of the liver; and, on the lelt, from the left lobe,
stomach and spleen. The owter jurface is in contact with
the deep mner aspect of the chest wall and is therefore
marked by the overlying ribs  The rounded posserior
border fits inta the recess at the side of the thoracic verte-
b and the sharper anterior border overlaps the heart
and pericardium on each side. Because of the prepon-
derant bulk of the heart on the lefr side, there is a
well-marked cardiac notch in the anterior border of the
lelt luanige.

The medial srface faces inwards towards the media-
stinum and on it i situated the hilum. The relations of
the medial surfaces differ on the twe sides, for they lie
opposed to the mediastinal structures, which are not
arranged symmetrically.  Plates 8 and 9 show more
clesrly than words the general pattern of thess structures.,
which make deep indentations on the lungs, The pain
differences are ;

(i) the curvature of the arch of the uorta over the
left bronchus to the eft side and the prominence of the
descending aorta on the left side;

(i) the presence of the superior vena cava on the
l'i'ght;

(iii) the rightsided position of the oesoplnguy
helow.
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Internal structure of the lungs. Each main bronchus
divides into a branch' for each lobe and these branches
divide and subdivide within the lobes into a ramifying
bronchial wee of fine bronchioles; all these subdivisions
] Epiglottis

Thyroid
Larynx Cortiloge
Cricoid
Cartilage
Cartilage Rin
Tracheo B e

L. Brenchus

........

Bronchioles
of R. Lung

P, 118 The Respiraory passages.
are accompanied by corresponding branches of the pul-
monary artery and vein. Each bronchiole ultimately
ends in a cluster of tiny air-filled sacs or alveoli; and the
gascous interchange oceurs between their contained air
o*



202 ANNTOMY

and gases dissolved in the hlood of the capillaries which
encircle the ulveoli. Each lung lobile is composed of
terrningl bronehiole and its gir-cells, and the lung is eor-
posed of millions of lobulés bound together hy elastic
connective ussue. Note that, whereas arteries usually
convey fresh oxveenated blood to an organ and wveins
remove sale blood with excess carbon dioxide, these
conditions are reversed in the lungs. For, since it 14 their
function to menew the oxvgenation of the hlood of the
whisle beily, the hlaod bhrought othem by the pulimoniary
artery is n'ull‘, venous, while that returned 1o the general
circulation in the pulmonary veins B8 Fresh and arterial,

Interventricylor
Septum

Left

Ventricie

Right
Ventricle

Coranary
Vessnli

Fic, 119, Crumesection of heart in ventricular region.  Note
the greater thickness of 1he lefi ventricle, the massive sepium,
mnd the coronary vesaels it acros,
Heart.

The heart is a hollow muoscalar organ lying between
the lungs in the mediastinum; it 35 enclosed in the peri-
eardium. This membrane has a tough outer fibrow layes
which is firmly blended below with the central tendon of
the diuphragm; and a delicate inner serous layer, The
serous pericardium  lines the fibrous capsule and s
reflected at the roots of the great vessels of the heart to
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cover the organ itsell, i.e.; there are pariewal and visceral
layers just as with the pleura and peritoneum, with a
potential pericardial cavity
Pulmonary Pulmonary
Arteries Yeins

":ja:.n'i"“ -
THTRICLE "

L)

Inferior
Vena Cava

Fic, |3, Diagram svowing the injerior of the heart, eatry and

exit of the great vesely, and the direction of hicod flow. “The

cllisgram b artificial by that no welion normally exposes all fouar
' chamber in thin way,

The hesart iscl is I"n:lli|1-rr.~'1'1‘.| of four hollow chainbers,
the two giria above which receive blood from: the great

veins. and the two semtricles below which expel it into
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the great arteries. Though the atrium and ventricle of
the same side communicate freely, they are completely
shut off from the opposite pair by a musculur septum
which is much thicker between the ventricles than between
the atria. The latter are thin-walled compared to the
fleshy musele of the venimicles: and the wall of the Jeft
ventricle s considerably thicker than that of the right
On the surface of the organ grooves or sulei indicate the
demarcation between the chambers, and in these grooves
run the linle (but all-important) coronary vesselr which
nourish the muscle of the heart iself (fg. 117),

The shape of the heart is roughly conical, with the
apex directed to the left and slightly downwards, Iis
surfuce projection has been indicated in Plate 9, and the
anterior surface, hehind the sternum and cosal carti-
luges, is formed mainly by the right ventricle with a little
of right atrium and left ventricle on either side:  The
right border is entirely right atrium, the left border is left
ventnicle, and the apex is the tip of the latter. The left
atrium lies entirely hehind, on the posterior surface,
which is direeted to face the vertebral column, the
ossophagus and descending aorta intervening,

The attachments of the great vessels. Two great veins
enter the right atrium, the superior tena capa at its upper
part and the inferior vena cava ab its lower. Thie venous
hlood flows through the chamber to the right ventricle
and is expelled into the pulmonary artery arising from
its upper border, going to the lungs in the two branches
of ‘this vessel, At the back of the heart four pulmonary
weins return fresh blood from the lungs to the left atrium,
which passes it on to the left ventricle: and the latter
expeld it to the great aorta, the wide arterial trink which
i the commencement of the general body circulation.
Though the aorta rises on the left and the pulmonary
artery on the right, this selution appears reversed from in
front because the two vessels are spirally intertwined
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The Interlor of the haart, The openings between the
chumbers, und between the ventricles amd their great
arteries, are guarded by a system of cardiac calves
Hetween each atrium and its corresponding ventncle s a
parachute-like valve, the sirands of which are attached
to the ventricular wall, the Raps lying in the onfice
between the chambers. On the right this 1 khown as the
tricusprid valve, with three flups; an the left, as the mitral,
with two. When the atria contract the blood stream
easily weparates the valve-flaps ac il pasees into the ven-
tricles; but when the latter undergo their contraction, or
systole, the flaps are ballooned out, the guy-ropes of the
vilves are tautened and no backflow is possible, all the
blood being directed into the arterial exits. These Intter,
the openings inte the pulmonary artery and aorta from
the corresponding night and left ventricles, are guarded
by simpler valves composed of 3 semiliunar pockets facing
upwards, These are easily pushed apant by the hlood
surge but fall together when the ventricles relax in
diastole, the weight of the blood column in each pocket
forcing them into a dlose contaet nnd effectively blocking
any reflux,

Great vessels of the thorax. (Plates § and 9.) The
superior vena cava is formed by the junetion of the nght
and left mnomimate peins, each bringing venous blood
from one arm and one side of the head and neck. The
right innominatée and the vena cava itsell run vertically
i straight lne continuous with the right atrium. But
the left innominate croses from one ide to the other in
front of the traches and just above the arch of the norta,

The inferior pang cava rises from the abdomen through
the central tendon of the diaphragm and has only a very
short intratheracic course befare it enters the lower part
of the right atrium,

The pulmonary artery arises at the upper border of the
heart from theesummit of the left ventricle and twines
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Trachea o ~
Corotid First Rib
Artery _
: Subtlavian
Artery
Aartic Arch
R Brenchuys L. Bronchus
=B Descending
Desophagus = = Aarta

Ty : L Deme of
Diphragm 0\ \TE A o Diophragm
\ £ Oesophageal

Aperture
R. Crus of —\t kL
Diaphragm "\|| e S @TTrrr— L Crus of Diophragm

Fwn, 121, Seructores of the postenior thoraisie wall @ sesophigus
and disernding sorm. The belrt and lungs bave beesi removed,
(Adier Gray).
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round the aorta so that the two vessels are related in the
same way as are adjacent fingers when erossed over each
other, Behind the aottic arch it divides into the right
and left pulmonary arteries which pass out of the media-
stinumt into the roats of the lungs with' the corresponding
pulmonary veins dand bronchi. The pulmonary vefns are
not seen from i front; two on:each side; they drain into
the back of the Jeft atrum,

Aorta.

This #s the Lugest artery of the body, the leginning
of the general or systemic circulation—us opposed 1o the
local pulmonury circulation. 1t arises at the upper border
of the heart [rom the suimimit of the Jeft ventricle and it
sulwsequent eourse is as follows':

(1) a short ascending partion running up to the left
of the superior vena cava:

(il) the aortie areh curving horizontally backwards
in front of the lower part of the trachea and over the
left hronchus;

fin) the descending aorta running downwards on
the vartohral column at thee baek of the thoracic cavity,
to pass through the diaphragm where it becoiies con-
tinuous with the abdominal aorta.

Branches of the aorta. From the sunmmit of the aortie
arch three great vessels arise. On the right is the innro-
minate, which divides into the rfight subelavian anery for
the arm and the right commen carotid for the head and
neck. On the left there Is no inmoninate artery, the left
subclavian and carotid springing directly from the arch.
Only the lower parts of these great vesels lie within the
thorax, the level of the innominate bifurcation being at
the inner end of the elavicle; they lie elosely applied o
the fromt and sides of the trachea. The corresponding
veins lie more superficially and there is an innominate

vein on both sides and not only on the nght; the vessel
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equivalint to the commmon carotid artery is the internal
jugular vein. The little coronary arteries arise from the
very beginning of the aorta, nnmediately above the semi-
lunar valves; there is a right and left vessel and any
disease of these seriously or fatally impain the local
circulation i the muscular wall of the heart itself;
indeed coronary disease after middle life i a common
cause of heart attacks and sudden death,

The descending aorta gives off on each side the pairs
of mtercostal arteries which encirele the chest in the
intercostal spices; note that the corresponding veins do
not enter the venae cavie direcily but through separate
intervening channols, the wygos veins.

Tt can be seen that the aortic arch forms a great sweep
frenn the front of the chest to the back, with an upward
convexity from which arise the muin arteries of the head,
neck and arms. Plate 9 shows this and abo how the con-
cavity of the arch embraces the pulmonary arteries and
veins. and the Bronehi, Le. the structires entering thie
rootsof the lungs. Note 4lso in this Plate a listle artery
running the whole length of the back of the sternum from
above downwards: this is the internal mamnary aery, o
branch of the subclavian in the neck, and we have seen
that it ends below by entering the sheath of the rectus:
muscle as the superior epigastric artery 1o anastomose
with the inferior epigastric coming up from below.

The arch of the aorta not oaly carries it backwards but
also inclines it to the left, so that the descending portion
it rather to the left of the midline and nearer the left
Hamg than the right

fRemaining structures of the posterior thoracic wall.

The ortophagur or guller enters the chest from the
neck ar the thoracic nlet; ling immediately in front of
the vertebral column; it travels down the middle of 1he
back of the cavity between the roots of the hungs, w0
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traverse the diaphragm below. It does not pursue a
straight course, for it inclines forward and to the left in
its passage, allowing the descending sorta to intervene
between its lower portion and the spine; and it 8 more
closely related to the right than the left lung. Tt is &
hollow mieeular tube down which food is propelied 10
the stomach by waves of contraction or pertitalsis; unlike
many other parts of the bowel, it has no serous coat as it
lies entirely away from the pleura ar the back of the
mediastinum, For this reason, any infection arising from
a perforation of this tube does not get sealed off and
nsually spreads diffusely with fatal results.

The thoraeic duct begins below, as we have seen, as the
upward continuation through the aortic aperture of the
diaphragm of the cisterna chyli of the abdomen, the
channel receiving digested fat from the bowel as well az
the lymphatic drainage from the legs. The duct ascends
on the front of the vertebral column in the chest, lymg
just to the right of the aorta, behind the oesophags; it
crewses to the left side at the level of the aortic arch,
enters the root of the neck on that side and discharges its
contents into the junction of the left subclavian and
internal jugular veins. Because this is the main channel
for the absorptiot of fat, uny wound of the duct which
disperses its contents by leakage before they enter the
blood strewm results in serious or fatal wasting, even
though the injury i not otherwise serious.

Nerves within the thorax. (Plates 8 and %)
The important nerve trunks within the thoritic

cavily are these:

(i) The vagus nerves, ane of each gide. These are
the tenth pair of cranial nerves which have travelled
down the peck and entered the thoracie inlet. The
right vogus runy alonmide the ‘uuclmn; passes behind
the wight lung-root, where it breaks up into a
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pultnonary plexis; reforms again as a single trunk and
accompanies the oesophagus through the diaphragm,
The left vagus runs with the left carotid and sub-
clavian arteries; crosses the arch of the aoria; passes
behind the left lung-root 1 form a similar plexus; and
finishes the rest of jts thoracic course alongside the
oesophugus as does the right, The vagi are part of the
great parasympathetic system described at p. 267 con-
cerned with automatic regulation of the viscera; in
the chest they give branches to heart, lungs and
oesophagus,

(i) The sympathetic trunks lic one on each side, an
inch or two away from the vertebral bochies, They con-
sist of a chain made up of a number of sympathetic
ganglia lying on the necks of thie ribs behind the
parietal pleara, and connected by the longriudinal
sympathetic fibres, This chain is continuous with that
in the neck above; and leaves the thorax below with
the paoas muscle to become the abdominal sym-
pathetic. It also is part of the autonomic or pegetative
mervous system and shares with the vagus the dual
control al the viscera. Plates 8 and 9 show several
branches running down from the main trunk: these are
the splanchnic merves which pierce the diaphragm o
joimt the- coeliac or solar plexus we have alreudy
noticed surrounding the commencement of the ab-
dominal siorta.

(iil} The intercostal nerves, derived from the spinal
cord, run round the chest wall in the intercostal spaces
with the corresponding vessels. At their origing they
lie deeply behind the pleura and are connected to the
sympathetic ganglia by little communicating twigs
which link the voluntary and inveluntary nervous
systems into a whale,

{iv) ‘The phrenie nerves arise in the lower part of the
neck for the supply of the muscle of the diaphragm.
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The right phreasic runs down alongside the superior
vona cava and the right side of the lieart; the left
crosées the aortic arch and the left side of the heart
Both pieree the dome of the diaphragm and break up
into vwigs on its under-surface,



CHAPTER IX

HEAD AND NECK
THE HEAD

The Skull.

Tae skull is an intricate framework of many bones fitting
into cach other in jigsaw fashion st the immobile fibrous
sutures. Though complicated at first sight, it is easily
understood by reducing it to its three essential parts—
cranjum, facial skeleton, and mandible.

Fro. 122, “The boaic plan of the skull,

The cranium is the bony box enclosing the brain and
its membranes; it has a domed vault and a base set deep
beneath the soft structures.

The facial skeleton is antached to the undersids of the
base anteriorly, and includes the nasal bone, maxilla
(upper jaw), and others.

The mandible or lower jaw is entirely separate and
slung to the underside of the base at the back by a freely-

iblle ot

a1z
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The skull bones are mostly flat; in several places, par-
ticularly the vault, they have an outer and inner tshle of
compact bone sandwiching a loose red-marrow-filled
layer—the diplog. And at certuin sites they are expanded
by internal air spaces or gnuses,

Frontal Bone

Coronal

Sutire
Sagitral
Suture
L Temporal R Temporal
Fossa Fozso
L Parletal R. Parletal
Bone Bone
Lambdoid
Sutisre

Occipital Bone
Fra, 109, The wiult of the skull, or vertex, from above.

The vault is made up of 4 main bones—frontal, two
parietals, and occipital, The frontal bone is the substance
of the forchead and overhangs the arhital cavities in front.
The parietals lie on each side above the temples, and the
aceipital at the back of the head. The coronal sulure
separates frontal and parietals; the sagittal suture divides
the two parietals in the midline; the lambdoid suture
piosteriorly is the meeting-place of parietals and ocripital.
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AL birth, the angle of junction st either end of the sagit-
tal suture is'a small space unclosed by bane and filled in
with membrane, the anterior and posterior fontanelles;

Werter

f

8 Parfecal L Patietal

Temparal
R. Temparal i '
L Qb
L Zypene
Nosal Septurm Turbinote Soos
It Maxilia L Maxille
& Mandible L Mamtibiy

Meatal Symphysis
P, 124 The skull, snterioe view.
the posterior is closed by the end of six months, the
anterior not till the second year. The wailt is vory
resilient and often yields to violence without fracturing;
but it may transmit » compression-wave round to the
rigid base so that the latter undergoes an indirect

Figs 124 and 125 are anterior and lateral views of the
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whale skull Nate, in the anterior view, the frontal boane
coming down as a roof over the orbital cavities, the bony
eyesockets; the openings of the nasal cavities, with the
nasal bones above and the bony nasal septum separating
the two sides; the maxilla or upper jaw carrying the
upper teeth, Note, in the lateral view, the side aspect of
the vault and how the temporal bone helps to form the
lower part of the sidewall i the hollow above the cheek

Fro. 125 Lateral view of shull

the cheek bone or sygoma arching across from maxilla to
temporal; the mastoid process behind the bony external
opening of the ear canal; and the styloid process jutting
out from the base below.
The skull base.

If we remove the skull cap and look in, our view
uflhcuppnrmrfmnfﬂwhaui!ﬂmminﬁg 126,
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Note the great foramen magnum, nearer the hack,
where the spinal cord becomes continuoud with the
medulla of the hindbrain; and the numerous scattered
smaller foramina where veins and cranial oerves make
thear exit and the cerehral urterics their entry, At various
places the inner table it grooved by narrow channels for

Apspeses By Friforantens fur

rey of OMfactory
N

Opra Fanmmed

Frrrmd ert
o Tamparal o

Jupytar
uu’

il [ Corchaihom
Fio. 125,

The skull lase, seen from withing after sesmoval of the skull ap.
the meningoal arteries supplying the brain membranes;
or marked by wider paths for the venous sinuses which
fiow between the layers of the durn mater, the outermait
of these coverings. The base is divided on each side inlo
three pockets or forsae which become suceessively deaper
and more extetsive from before backwards.

The anteriaor fossa, right in front, houses the frontal
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lobe of the brain; and its Boor is the roof of the under-
lying orbit and nose. Where the two anterior fossae meet
in the midline, tiny perforations in their floor exist for
the upward passage of the olfactory nerves from nose to
brain.

The middle fossa houses the temporal lobe of the
brain; through a little opening just behind the anterior
fossa the optic nerve connects eyeball and brain. In its
floor can be seen large formmina for the exit of the fifth
or trigeminal cranial nerve, concerned with sensation in
face and jaws and the movement of the masticatory
muscles: und for the entry of the internal carotid artery
into the skull. Note, between the two middle fossae, a
little pocket embedded in 2 smull riised platform; this is
the pituitary fossa in which lies the pituitary gland. slung
from the undersurface of the brain.

The posterior fosa is separated from the middle by
an obliquely-lying bony ridge, the petrous portion of the
temporal bone, 2 mass enclosing the inner-rar cavity
and containing the opening of the internal auditory
meatus for the passage of the eighth [acowustic) nerve
from ear to brain, The posterior fossa is mainly com-
posed of the occipital bone; it contains the [oramen
miagnum and a large jugular foramen for the exit of the
internal jugular veir) accompanied by VATIOUS DETVES:

On the underssurfuce of the base; on each side of the
forumin magmian, are two articular processes or con-
dylés, forming a joint with the Rrst cervical verteba,
the jtlas:

The mandible is formed by two symmetrical halves
joining in the midline anteriorly at the chin, the mental
symphyns, Each half consists of a horizontal body carry-
inge the lower teeth on it alveolar (gum) margin: and a
more of Jes vertical ramus, Body and ramus are con-
nected at the angle of the mandible, an angle which is
rather ohtuse in infancy, npprnm:hm?ﬂ" in the adult, and
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secedes again in edentulous old age. At the upper end of
the ramus are the pointed corenoid grocess; and the
rounded cendyle which articulates with the undersurface
of the temporal bone at the temporo-mandibular joint in
front of the ear (fig. 125),

The air-sinuses of the skull are mostly accessory o the
nose, Le: they are extensions of the nasal cavities and
their lining mucous membrane js similarly continuous,
even thoogh the mmluung passages may be intricate
and narrow. The main ones are the [ronfal and
maxillary; there are alo certain groups deep in the skull
—<thmoids and sphenoids, The maxilla is entirely hol-
lowed out by a great cavity, the maxillary antoum. All
these are susceptible to infection derived from the node,
and because their drainage is so imperfect they may
perpetuate the infection in chronic suppurating pockets.
The mustoid air cells, which loneycoml the mastoid
process; are independent structures, but are often infected
from the middle ear. ;

The hyord is a little bone which can be felt in the neck
in [ront, between chin and larynx, giving attachments to
the muscles of the floor of the mouth and the tongue. It
has & tity body with spreading laterl wings,

Surface Anatomy of the Head.

Most of the external surfiuces of the cranium, facial
gkeleton and mandible are easily palpable through the
skin, theugh' the base is of course quite insecesible. In
the cransum, the vault can easily be felt through the over-
lying scalp, which is freelv mobile over the bone. In
front, the overhanging ridges of the fronial bone, which
are the upper margins of the orbital cavities and lie
iminediately beneath the eyebrows, meet i the midline
art the depression of the root of the nose. There are four
bulges on the vault, the frontal eminences of the fore-
head und the parietal eminences i couple of inches nbove
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the ears. And the lowest accessible part of the skull in
the midline posteriorly is the externul protuberance of
the occipital bone, which is also arrived at by tracing
upwards the median furrow between the muscle masses
at the back of the neck.

In the face, the nasal bones are the firm skeleton of the
upper part of the nose, but the softer bulbous portion at
the tip is supported by cartilage only; a finger in the
nostril touches the sepium between the two nasal cavities
and this aguin is cartilage in front, the bony septum being
further back out of reach, The ygematic arch, the cheek
bone, is felt running between the orbit and ear; and
abiove it is the depressed tempaoral fossa; in this lies the
temporalis muscle which shuts the mouth and can be felt
to contract on clenching the teeth,

The auricle 13 the external visible part of the ear; the
actual aperture being the external auditory meatus; note
that this channel is again cartilngmous to hegin with, its
bony portion being further in. Immediately behind the
ear is the mastoid process; with its rounded tip below;
and just in front of the ear, below the back of the
zygomna, the condyle of the mandible can be felt moving
at the temporomandibular joint when the mouth s
opened and closed.

Body, ramus and angle of the mandible are all acces-
sible, thenigh the coronoid process is under cover of the
zygoma and not palpable. The outer surface of the ramus
is covered by the masseter muscle, which closes the
mouth; and stands out on firm hiting. If this muscle 1s
30 contracted by clenching the teeth, a small twbular
structure can be rolled under the skin running paralle] to
the zygoma and a finger’s breadth below; this is the duct
of the pamtid salivary gland running forward to apen
into the mouth. .

The scalp includes all the superficial structures over-
lying the vault. Its skin is profusely supplied with hair
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follicles; and the subcutancous Tat 15 & thin dense layer;
beneath this is 2 muscle sheer which is most developed in
the frontal and occipital rogons ws the frontalis and
occipitalis bellies; connected by an aponourotic sheet—
the galea—stretching over the vault. The gules i
sepmrated from the bone by loose areolar tissue, and all
the layers of the sealp are welded into one which moves
freely over tlie skull when its muscles contract, ns m
raising the eyebrows. Retraction of these nmiscles cxuses

Frantally
Temporifis
Occipitalis Orbicularis
Temporal Geult
Arvery
Te Angie
Parotid: Gland ol
Parotid Duct i el =) Masseter
Sterno-Mastold F”F \ 4 %‘I‘ ' Orbicularis
I i ) Crix
Tropezius Depressor of
Angle of Mauth

Frz 127, Facial muscles gl ssawinted sprpeiures.

mcised wounds of the scalp to gape widely: and wounds
bleed freely as the arerial supply 15 abundant. The
scalp veins communicate freely with those of the diplog,
the venous sitiuses of the dura, and of the brain; so thal
an external infection may spread jnwards to the brain,

The Face.
The fecind skin is thin, mobile and vaseular, and the
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faeial muscles or muscles of expression lie immedintely
beneath its dermal layer

The muscles are shown in fig. 127. Note that both eye
and mouth are surrounded by circulur muscles, the aréi.
ctularis oculi and orbicularis aris, which shut the eyelids
and lips. Small muscles attached to the nusal cartilages
wrinkle the nose and dilate the nostrils Oiliers running
up and down from the comers of the mouth lift or
depress these angles; and the platysma muscle of the neck
is a broad sheet which spreads up over the body of the
mandible to take a:share in the control of expression.

All these are supplied by the seventh (facial) craniul
nerve, which leaves the hase of the skull in front of the
mastoid, nuns forward in the parotid gland, and breaks
up into diverging branches to face and scalp at its
anteror border,

The muscler of martication are a sepasate and deeper
zroup supplied by the fifth (trigeminal) craniil nerve,
They include the masseter and temporolis, already re-
ferred to as responsible for biting: and two others, the
prerygoids, lying very deeply on the inner sicle of the
ramus, responsible for the side-to-side and rotary move-
menis of chewing, A very deep muscle, the buccinator,
runy tramsversely between mouth and massster in the sub-
stance of the cheak.

The parotid wlivary gland lies under the skin in front
of the ear, covering the back of the masseter; and reaches
up to the zvgoma and down to the mandibular angle.
The facial nerve is embedded in v, and it overlies the
internal carotid anery and intermal jugular vein as they
travel deeply between the neck and the skull-buse. The
parotid duct leaves its anterior border just below the
zygomis, and rins forward on the masseter (o open intn
the mouth by piercing the buecinstor imusele opposite the

second molar tooth,
The other external salivary gland 3 the submaxillary,
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which lies below; and partly under cover of, the angle of
the mandible; its duct pierces the foor of the mouth,

Faclal vessals and Nerves.

The superficial temporal artery runs up in front of the
ear, where it can be felt pulsating againgt the hone, to
supply the scalp. The facial artery ascends from the neck
over the body of the mandible and runs obliquely up-
wards and lorwards to the angle of eye and nose, giving
branches to the lips on its way. Both vessels are branches
of the external carotid, and the weins correspond in
distribution

The seventh (facial) necve has already been mentoned,
and is mainly motor to the muscles of expression,

The sensation of the face and scalp 1 supplied by the
fifth (trigeminal) nerve, which als innervates the masts-
‘catory muscles.

Most of the lymph drainage of the face i to groups of
parotid and submaxillary lymph glands; except from the
lower lip, which goes to some small glinds under the
chin.

The Mouth.

This- is the first part of the digestive tract. It is
bounded by the cheeks and lips at the sides and in front;
roofed by the palate; and its floor s the muscular oral
diaphragm, sepamting it from the neck, in which
etnbedded the roat of the tongue. The oral cavity i
everywhere lined by a glandular mucous membrane,
and is continuous behind with the cavity of the pharynx.
A minor part of the main cavity is the peitibule, the
space between lips and testh,

The red surface of the lips is the mucous membrane,
which is sharply demarcated from the skin ai the muco-
cutaneous junction; each lip has a braneh of the facial
artery running in it paralle] to its free margin, and thisis
felt pulsating when the lip 1s gripped between finger and
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thumb, Eael is attached at its midpoint to the under-
lying gum by a fold of mucous membrane.

The Teeth,

These are set in the opposed (alveolar) margine of
the upper and lower jaws, where mucosa and underlying
pericsteum are firmly llended to form the gum. The
first, temporary, set of milk teeth erupt at intervals
throughout the first two years; the second, permanent,

Fia. 128, Looginudinal sertion of tooth,

st begin to replace them at 6 years and are complete
by 25, except for the last molar or wisdom tooth which

is often delayed or miy never appear.
The teeth are named from before backwsirds as encisors,

canine (tearing), premolars and molars (grinding); and
are symmetrical as between either side and as between
upper and lower jaws, so that each guarter of the whole
set is the same, This may be expressed in the formule :

Mol. Premol. Can, Ine. Ine Can. Premal. Mol,
Upper 3 2 1 22 1 2 3 30
Eoeer 3 2 T 2|2 & 2 3 °
for the permanent dentition, and :
Upper 2. 0 o2 |2 1 2 2
Lower 2 0 Tiw it 2 1 2 2
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for the milk dentition. Note the smaller number in the
latter owing to the absence of premolare.

Each tooth has a visible crown projecting beyond the
gum; a root, embedded in the ulveolus: and an inter-
mediate constricted meck. Longitudinal section shows the
central pulp cavily, containing the soft vascular pulp
and nerves; outside this the dentine or ivory, the main
bulk of the tooth; and an outenmost couting of thin hard
enamel. The root is fixed in its socket by a layer of dental
cement, and the vessels and nerves enter the pulp through
a sl foramen at the tip of the root (fig: 128),

The palate is the roof of the mouth, and the floar of
the nisal eavity, It corsists of the hony hard palute in
front; and the mobile, usenlar soft palate behind, pro-
Jecung back into the pharynx. The soft palate is an
arched structure. with 1ts supporting pillars attachied on
gither mde of the back of the tongue: each of thes pillars
splits to enclose the tonal, a mass of lymphoid tissue,
From the free posterior edge of the soft palate there
hangs down, midway between the tonsils, s sl conical
process, the uvula.

In the floor of the mouth, if the tip of the tongue &
tlevated, a fold or frenulum is seen tethering the under
side af the tongue to the mucous membrane; and where
the fronulum is attached o the floor the duet of the aub-
muxillary sulivary gland opers on each side on u little
papilia. Between the frenulum and the jaw on each side
a loose mucosal flap can be seen. or rolled by the tongue:
this is the sublingual fold overiying the sublingual sali-
wary gland, which has many small ducts opening directly
it the wouth cavity.

Parotid, submaxiilary, and sublingual glands make up
the three main salivary glands; they discharge saliva
reflexly into the mouth with the stimulus of eating.

The tongue is a muscular organ concerned with swal-
lowine. taste and speech. Its main anterior portion lies
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horzzontally in the floor of the mouth: but the back of
the tongue 5 curved round to lie more vertically, and
forms the anterior wall of part of the pharynx. The root
of the tongue is embedded in the oral disphragm, and i
attached by various muscles to the hyoid bone and man-
dible; and indirectly to the soft palate by the arches of
the latter structure.

The dorsim 8 the upper suface and on it are 2 npm-
bet of papille, huivlike processes, and taste-budy. The
tip rests normally aguinst the back of the upper teeth;
and the under surface b attached to the foor of the
oiouth by its frenulum. Tnstructure, the organ is mainly
muscular, with rightand left halves separated by a filirous
partition; it has a mucous covering which is specialized
for the sensation of taste,

THE NECK

The neck conneets the head and trunk; ity boay frame.
work i made up by the 7 eervical vertebra behind. and it
i trayersed by the food and air passages on their way
to the chest, and by the great vessels and nerves running
between the thoracie inlet and the hase of the skull

In addition, in the root of the neck on each side there
is an outflow of nerves and vessels aver the upper surface
of the first ribs into the arms,

Cross-section of the neck shows the relative disposition
of these structures. But it must be remembered that
whereas & section above the level of the sxih cervienl
vertebra shows the air and food passapes as larynx and
pharynx, these at o lower level have become the traches

and oesophugus respectively.
The main points to be noted are (fig. 29) :

(i) the supporung cerwical vortebrar, rather nearcr
the back of the neck:
fii} the thick musele masser applied to the back of
"
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the spine, the upper part of the great sacro-spinalis
muiscle;

(iii) the oesophogus, immediately in fromt of the
spine;

(iv) the trachea between skin and pesophagus;

{v) the separate compartments of deep fascia on
each side, the carotid sheaths in which run the carotid

artery, internal jugular vein, and the pagus neive.
ttman of Thpeoed Climg

Fecurresd Lorpngaeal Lareewt Lezs o
Hes Tagront Gaand
draras Maried [P
Ve
g N
Cesopiapat Camaren Coatil
L
Preence Merve Vertsbes! oy ympetiodia. Trah

Fis. 128, Cross-seetion of the neck below the Jevel of the Gith
cervical verichra. The section does not fnclude the hack hall of
the vertobra and smociated spinal muscles {After (ermy).
Longitudinal section indicates the vertical arrange
ment, and the level of wansition from larynx o trachea
and from pharynx to vesophagus (fig. 131).
Tﬂlﬂﬂﬁﬂ-.

The neck is conventionally divided into several tri-
angles, which are marked off by the various musiles.
The key to this pattern is the sterno-mastoid, a long flar
rectangular muscle on esch side, whose origin is by two
heads from the inner end of the clavicle and upper border
of the manubrium; it passes up and out to its insertion
on the mastwid process, The area in front of the muscle
is the anterior triangle; that behind it the posterior
trangle (fg. 130}

The anterior triangle iz bounded by the anterior mid-
line of the neck and the anterior border of the stermo-
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mastoid, meeting at the apex below; its base, above, is
the mandible, It 15 further subdivided as shown into four
smaller thangles. The mnoenlar triangde containg several
snall flat muscles which depress the laryox in swallow-
wg; the crratid triangle contains the upper part of the
common carotidd artery as it divides into internal and
externil carotids, the internal jugular vein, and impor-
tant, nerves; the digadsic triangle containg the sub-
maxillary salivary gland; and, the submental triangle
only a few small lymaph glands

The postertor triangle is bounded by the hack of the
sternomastoid and the front of the trapexius, meeting at
the apex at the occipital bone; and its base is the clavicle.
It is divided by the tiny omoliyoid muscle into an upper
oecipital and a lower supraclavicular triangle. The
former is mainly muscular in eontent; but the latter con-
tains the subclavian vessels and the brachial plexus of
nerves, passing out on their way to the arm.

Surface Anatomy of the Neck.

Antertar, The sterno-mostoid s very prominent
especially when rendered taut by turning the head to the
opposite side: then its stermul tendon can easily be picked
up between finger and thumb. Between the sternal heads
of the two muscles is the suprasternal notch, a skin-
hollow resting on the upper border of the munubrium,
The external jugular vein can usually be seen rumning
under the skin obliquely down and back, superficial to
the sternpmastoid.

The main structures in the midline of the front of the
neck, from above down, are as follows :

Feeling backwards in the hallow beneath the chin one
reaches the small hyoid bone, with its wings on each side,
felt when the throat at this level is prasped between
finger and thumb. Immediately below the hyoid is the
laryngeal prominence, or Adam’s apple, composed of the
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twa halves of the thyroid cartilage meeting at a V-angle
in front, and with a notch palpable at their upper border.
Below this is the cricord cartilage of the larynx, ar the
level of the sixth cervical vertebra behind ; and Jower
still are the cartilaginous rings of the upper part of the
trachea.
The pulsation of the carotid arteries is felt by pressire
the anterior border of the sternormastoids ;. behingd
this muscle, the posterior triangle is marked by a hroad
depression of the overlying skin, and at the hase of this,
behind the upper border of the clavicle, the subelabian
artery can be felt beating on deep pressure. (Plate 10.)
Poxterior. Av the hick of the neck the median longi-
tudinal furrow between the muscle bellies overlies the
indistinetly felt spinous processes of the cervical vertebrae.

Fasclse and muscles of the Neck,

Just as elsewhiere in the body, there is an envelope of
deep fascia between the subcutancous {at anid the under-
lying muscles; in the neek this forme & cantinuou
encircling sheet. But in addition there are deeper con-
centric layers, encircling the traches und, deepest of all,
the verteliral bodies. The muscles are partitioned off
ligtween layers of fascin, and o local condensution of this
menibrane forms on each side of the eyiindneal carotd
sheath containing the common camotid artery, internal
Jugulir vein, and vagus nerve.

The cervical niuscles are grouped as follows -

(i) Superficial: platyinia, frapeziug, iternomatoid.
Trapezius and stirnomastojd have alreiady been met
with, Both are supplicd by the elsvenih {decessory)
cranial nerve, Each sternomastoid aets by bringing
the ear down to the shoulder on its own side and
turnting the chin away to the other side; both acting
together Hex the cervical spine, bringing the ehin down

o the stermum,
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The platysmn s a muscle of focial expression, a
broad sheet roplacing the subcutaneous fat, without
bony attachment. It arises from below the clavicle,
and spreads up the side of the neck and inward over
the body of the mandible 1 blend with the facial
tnuscles st the angle of the mouth,

(ii} The mpra-hyoird muscles are & small group
between hyoid and mandible forming the floor of the

Triangle | ;‘“‘x = Submental Trigngle

cm:'::':nglt Pesterior Triangle
Anterior Triangle
Muscular Triangle

Sterporastald

Supraclavicular
Triangle

””HH.:‘”“

Omahyold
Fro. 13 Muscular mrinnglos of the neck.  [After Gray).

mouth, or oral dinphragm, and giving attacluent
the hase of the tongue.

(iit) The infra-hyoid group are several slender strap-
like muscles descending from the hyoid bone and
thyroid cartilage on each side of the midline w be
attnched to the lack of the manubrium below. They
depress the larynx in swallowing.

(iv) The prevertebral muscles are the deepest group,
runming up the front of the vertebral bodies behind
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all the other structures of the neck; they help flex the
cervical spine.

(v) The scalene museles are found in the posterior
triangle on each side, for they run downwards and out
from the transverse processes of the cervical vertebre
to the upper borders of the first and second rils. They
elevate these ribs in inspiration and assume close rela-
tionship with the subelavian vessels and brachial plexus
as thess run out over the first rib to the arm.

Pharynx,

In the lower part of the neck, and in the chest, the
air passage (larynx and trachea) and the food pussage
(oesophagus) are quite separate. But in the upper part of
the neck, above the entrances o larynx and oesophagus,
there 15 a common cavity for food and nir extending up
as far as the base of the skull This i the pherynzx,
situated immediately in front of the vertebiral colummn.

In longitudinal section of the head and neck (fig, 131)
it ean be seen that the pharynx, from above downwards,
is placed successively behind the nasal cavity, the back of
the mouth, and the opening of the larynx, and it is
divided therefore into nasopharyns, oral frharynx, and
laryngo-pharynx. Tts blind upper end reaches the under-
surface of the base of the skull, and it is continuois below
with the oesophagus at the level of the sixth cervical
wvertehra

The pharyngeal wall iwself is a puseular cylinder
designied to propel food between mouth and oesophagus,
and is eomposed of three constrictor museles—superior,
middle and inferior—roughly corresponding to the sub-
divisions of the cavity. In swallowing it is essential o
prevent food passing upwards into the nose round the
free back edge of the soft palate, or down into the Iaryr.
Therefore the soft palate is opposed 10 the posterior
pharyngeal wall so as to shut off the nasopharynx; and
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the epiglottes, a flap of elastic fibrocartilage situated at
the summit of the larynx behind the root of the tongue,
15 bent over backwards: to shut off the entry into the
larynx. During the act the larvnx is pulled bodily
upwards.and then recedes again,

Larynx. (Plites 10 and 11))

The larynx is the organ of voice and one part of the
air passages of the respiratory system. [t opens above
into the laryngeal portion of the pharynx at the hack of
the tongue, and it is contirmuous with the trmchea below;
and it projeets lorward in the upper part of the neck with
little to separate it from the overlying skin.

The skeleton of the organ 1 a framework of cartilages
commected by hgamems and membranes:to form a hollow
resonating chamber containing the vocal cords. The
thyroid cartidage 1s the largest; its two leaves meet in the
midline as the projecting Adam’s apple, with a superior
notel opposed o the back of the hyoid bone. From the
back of this notch arises the stalk of the «pizlotes, a leal-
like fibrocartilage plate sticking up behind the hyoid and
the buse of the tongue. 1y guu.rdi the entry to the larynx
by falling backwards to seal it off when swallowed food
I8 passing thr-::-ngh the pharynx. The éricoid cartilage,
the lowest piece of the framework, is a sigoet-ring shaped
structure, and immediately below is the first ring of the
trachea.

The vocal cords are a pair of mucosal folds, strength-
ened by an underlying ligament, one on the deep surface
of-each thyroid leaf, stretching from front to back. The
museles associated with the larynx are either exiringic,
.., the infra-hyoid group, designed to move the organ
as & whole as in swallowing; or infrinsic, concerned with
the regulation of tension in the vocal cords. The lavter
may lie relaxed at the sides of the cavity, meet in the
midline and shut off the airway completely, or occupy
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an intermediate position, giving varying gradations of
pitch. ‘The interval between them is the glottix; this iy
the narrowest paint of the respiratory tract and therelore
the site most likely to be blocked by inflammatory swell-
ing or the impaction of foreign bodies.

The trachea or windpipe is a hollow cartilagmons and
memnbiranous tube, some four inches long, extending from
the larynx above through the thoracic inlet to its bifurca-
tion into the two bronehi, 1t is not a eylindrical but a
D-shaped tube, with the convexity under the skin of the
frant of the neck, and the base of the 0y resting on the
oesophagus hehind, which separates it from the vertebral
columnn, Its framework consists of a number of cartila-
ginous tings, incomplete behind, with connecting mein-
branes. In the neck, the second, third, and fourth rings
are crossed by the narrow isthmus connecting the two
lobes of the thyroid gland, one of which lies on each
side. And the common carotid arteries lie beside the
trachea, the thorucic relations of which have already
been discussed (p. 198).

The trachea has a lining mucous membrane which,
like that of the other parts of the respiratory tract, i
ciliated, i, each cell bears u hair-like process which
wafts such foreign irritants as particles of dust upwards
toward the base of the tongue, where they are all
swalleaved,

The oesophagus has been discussed adready, in part, in
Chapter VII1. About 10 inches long, it is a muscular
charmel for the passage of lood between pharynx and
stomach. In the neck it begins at the level of the ericoid
cartilige as the continuation of the lowermost portion of
the pharynx. It descends on the front of the vertebral
column behind the tachea and enters the thoracie inlet,

The thyrowud gland s one of the group of endoerine or
ductles glands which includes the pituitary, suprarenals,
ete. It lies in the lower part of the neck as o right and
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left lobe on each side of the traches; with o connecting
isthinus crossing that tube (Plate 11). Each lobe is pyra-
midal in shape, apex upwards, and is applied 1o the sides
of the cricoid and thyrold cartilages; Literally it overlaps
the carotid sheath, The ghind is exceedingly vaseulur and
comnpesed of munerous tiny vesicles containing thyroxin,
the seeretion essential for normal growth, badily and
mental aetivity; deficiency of this leads to eretiniun |
infants: showness or idioey in adulis. Any enlargement of
the organ is called a gotrre, which may be associnted with
over- or under-production of the internal seeretion.

The: parathyrord glands are Tour pea-like bodies: em-
bedded in the lobes of the thyroid, an upper and o lower
on each side. They are ductless glands controlling the
utilization of calcium, and their overaction causes rane-
faction of the skeleton and spontaneous fractures,

Graat vessals of the Neck.

We have seen that, on the right side, the innominate
biranch of the aorta divides at the level of the sterno-
clavicular joint into subciavian and common canotid
arteries, Also thar on the left side there s no Imnominate
vessel, the subelavian and earotid arising directly from
the arch of the aorta,

Tn the neck, the common carotad aseends on either saide
of the traches and thyroid gland to the level of the upper
border of the thyroid cartilage, where it divides into
internal and external branches (Plates 10 and 11). It
runt in the earotid sheath with the internal jugular vein
lateral to it and overlapping it in front, and with the
tenth eranial (papus) nerve; Just before the bifurcation
there is a dilatation; the caralid ninus, where the walls
of the vessel are liberally innervated and very sensitive to
changes in the blood pressure; this carotid sinus auto-
m&ri{iaih maintains a reflex control of the circulation 1o
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the brain, Apart from its terminal division, the common
carotid has no branches.

The internal carotid continues its course to the hase of
the skull, enters the eraninm and supplies the brain as
well as the contents of the arbii,

The external carotid is mainly responsible for supply-
ing the neck and the outside of face and head. It gives
large branches to thyroid gland, larynx and tongue;
gives off the facial artery as we have seen; and ends by
running up behind the ramus of the mandible in the
substance of the parotid gland to end as the superficial
temporal artery to the scalp which can be felt pulsating
in front of the ear. It also supplies the main artery 10
the upper and lower jaws.

The internal jugular vein corresponds to the eommeon
and internal portions of the carotid artery (Plate 1), It
leaves the base of the skull as a continuation of the
venous sinuses of the brain through a special foramen, In
company with the ninth, tenth, eleventh and twelfth
cranial nerves, and runs down the neck lateral 1o the
carotid artery, and more under cover of the sterno-
mastoid. It ends by joining with the subclavian vein
hehind the sterno-clavicular juint to form the innominate
vein, and this pattern is the same on both sides. There
is no vein corresponding to the external carotid artery;
but some veins from the face and scalp join to form the
external jugular vein which we have met running super-
ficially over the sternomastoid, and which ends by
piercing the deep fascia above the clavicle 1o enter the
subclavian vein. The latter arches in over the first rib
on cuch side from the arm.

The main nerves of the neck full into these groups:
{0} Crantal nerves, The ninth (glossopharyngeal), tenth
{vagus), eleventh (dccessory) and twelfth (hypoglossall
pairs of crunial nerves enter the neck from within the
cranium by traversing foramina in the base of the skull
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The frst three of these travel in company with the
internal jugular vein,

The glossopharyngeal is concerned with sensation and
tuste in the pharynx and back of the tongue, and pierces
the side wall of the pharynx in its upper part to supply
its mucous membrane.

The vagus runs down in the earotid sheath, between
and behind the wvein and' artery, wiving branches to
pharynx and larynx; we have noted it within the chest
and abdomen supplying the viscera, and its place in the
autonomic system is referred to later on p. 269. Anm
important branch to the intrinsic museles of the larynx is
known as he recurrent laryngeal nerve, for it hooks
round the underside of the subclavian artery on the
right to turn back and reach the larynx; the right
recurrent laryngeal nerve is therefore entirely within the
neck, but the left descends within the thorax to hook
round the mortic arch before ascending again.  Each
recurrent nerve is intimately related to the back of the
thyroid gland, and disease or injury here may result
mi permanent loss of voice.

The accrssory nerve supplies the sternomastoid muscle
and the trapezius; after leaving the first it runs down
and back in the upper part of the posterior triangle to
reach the antenior border of the trapezius

The hypoglossal nerve supplies the muscles of the
tongue and the floor of the mouth,

(i) Cervical ipinal nerves, The roots of the spinal
nerves emerge in pairs between the vertebre on each
side. The upper roots form a small cervical plexus
supplying various muscles. And the lower roots, C. 5,
6, 7. B, together with the first thoracic root, form an
important network, the brachial plexus, which hies in the
lower part of the neck in the posterior triangle, and
which gives rise to the main nerves of the arm.  This
plexis forns a bundle with the subelavian artery and
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vein, the whole collection passing out over the upper
surfsce of the first rib to reach the arm. Thus the plexus
is partly in the neck above the clavicle, and partly in the
axilla below the clavicle.

(i) Sympathetic chain, In the neck the sympathetic
chain consists of three ganglia, the sipecior, middle and
inferior, with a connecting sympathetic trunk;: these lie
on the prevertebral muscles on each side. very deeply
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hehind the carotid sheath, And the trunk is continuous
with the thoracic portion of the sympathetic chain
through the thoracie inlet,

Lymph gdlands of head and neck, The main collecting
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glands for the head and face are those associated with the
ear—ihe pre- and post-aaricular; those on the surface
of the parotid and submaxillary salivary glands; the
submental glands unider the chin; the oceipital glands at
the skull base behind; and deep retropharyngeal glands
lying between pharynx and vertebral column,

In the neck itself there are superficial and deep chains
of glands and lymphatic vessels.  Roughly, the super-
ficial glands are grouped around the external jugular
vein and aceessory nerve, and occupy the posterior tri-
angle; the deep glands surround the internal jugular vein
and carotid vessels.

At the base of the neck, on the right side, a major
Wymphatic trunk i fommed from all the vessels draining
the right arm and the right side of head and face; this
discharges into the angle of union of sbclavian and
internal jugular veins. On the left side, it will be reealled
that the thoracic duct, which has collected all the lymph
from Loth legs and from the abdominal and thoracie
visceri, arrives in the posterior triangle. Here it adds o
itsell the vessels of the left arm; head and neck, and
empties itsell likewise into the corresponding. venous
angle. The thoracic duct is thus much larger and more
important that the nght hanph trunk, but even o it is
often only just visihle and even when distended i5 rarely
thicker than & mntehstick,



CHAPTER X

SPINAL COLUMN

Tur spine 15 the central bony axis of the body and, 1o
allow flexibility, is composed of pumerous individual
vertebre in o a segmemal pattern. These articulate with
each other, and the sum of the limited motion hetween
the individual pairs is a considerable range. ‘The column
is traversed throughout by the central canal which
encloses the spinal cord; and it supports the weight of
the trunk and transmits it o the Jegs.

The vertebirae are grouped regionally as
7 cervical (neck);
12 thoraeie (chest);
5 lumbar (abdominal);
5 saeral (hip);
and 4 coceygeal (tail),

Though modified considerably in the different regions,
the essential features of a vertebra are the same every-
where (g. 133). In front, a massive rounded body pro-
Jeets forward, with upper and lower surfaces facing those
of the vertebre above and below. Behind is the nesral
arch which, with the back of the body, forms a complete
bony ring—the neural canal for the spinal cord. The
arch is attached 10 the body by two pillars or pedicles;
projecting at either side are the two transperse Proceses;
and the spirous process sticks out backwards and downs
wards from the back of the ring to be felt under the skin
of the back. In addition there is a pair of small articular
Jacets on the upper surface of the arch and pair below
for articulation with adjscent vertebre. The vertebral

23l
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bady consists almest entirely of spongy bone, with a thin
cotmpact shell.

A pair of vertehire 5o fit together as to leave on each
side an intervertehral foramen for the exit of a spinal
nerve; so that there are 34 pairs of spinal nerves all
told, sinee the lirst cervical nerve emerges hetween the
base of the skull and the uppermost cervical vertebra,
whily there is only one coceygeal nerve below.

The cervical vertehree are delicate, with small bodies,
us there 3 litde weight bearing for them to do; and a
very large neural canal, as the cord is thickest at its upper
end before it has given off most of its roows. The trass
verse processes are pierced by a foramen transmiitting a
vessel, the vertehral artery, which runs up the neck from
the subelavian and enters the foramen magnum -to
supply the hindbrain. The spinous process is short and
bifid, The first cervical vertebra is the atlas; supporting
the head. It is a simple bony ring without a hody, and
its upper surface articulates with the condyles of the
oecipitil bone to form the joint at which the movement
of nodding occurs. “The second cervical vertebra is the
axis; from its upper surface a peg-like process sticks up
within the axis ring. Skull and atlas together rotate on
this peg in sideways twisting of the head,

The tharacic vertebrie inerease in size down the
column, The bodies are heart-shaped seen from above,
with facets at the sides for articulation with the heads of
the ribs; a similar facet at each end of the transverse pro-
cess articulates with the neck of the nb. The neural
canal here is relatively small, the spinous process is long
and jirojects well down.

The lumbar vertebre are under considerable strain
and are consequently of great size, with massive bodies,
The neural canal is trinngular, intermediate between the
cervical and thoracic in stze; and the blunt square
spincus processes project almost horizontally backwards.
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The sacral vertebre have become fused into one hone,
the sacrum, intervening between the two innominate
hones as the posterior segment of the pelvie ring; this
fusion is essential as stability is so important here, Itis a
large Hattened triangular bone with anterior (pelvie) and
posterior (subeutaneous) surfaces. The base above articu-
lates with the fifth lumbar vertebra at the lumbo-sacral
joint, the apex below with the coceyx. It is placed
ohliquely so that its long nxs is directed backwards as
much as down; and the anterior surface s concave—the
sacral hollow i which lies the rectunmy

Though a single fused mass, the general features of the
component vertehre are still obvious, the bodies being
marked off by transverse ridges. Four pairs of foramina
tranunit the sacral nerve roots; and the body of the bove
is traversed by the sacral canal which, at this level, con-
tains not the spinal cord (this has come to an end in the
upper lumbar region) Iait a mass of nerve roots.

Above, the promontory of the sacrum is a promunent
ridge of bone at the upper end of the anterior surface
which forms the back of the pelvie brim. And on each
sicle of this a spreadmg wing reaches out. to form with
the innominate bone the sacro-ilia¢ joint, a large wregu-
lar interlocking pair of surfaces at which little motion
occurs, The buck of the sacrum is the lower origin of the
sacrospinalis muscle which extends up beside the spine as
far as the skull,

The eoceyx is the rudimentary tail appendage of man,
a small irregular mass of four fused vertebre. It is
triangular, angled forward at the sacro-coccygeal joint
to parallel the anal canal, and is guite solid with no
central channel.

The spinal column as 3 whole,
The vertehral bodies are not in contact, but sepiurated
sy thick cushions of fbro-cartilage, the ntervertebral
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dires, which act as shock-absorbers, They incroase n
size down the eolumn until in the lumbar region they are
finch thick. Together the dises make up a fourth or
hifth of the length of the column. Each consists of an
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otiter fibrous ring enclosing a marble-like gelatinous core
under considerable tension; this 15 the pulpy nucleus
which acws as a ball-bearing on which pivot a pair of
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adjacent bodies. The intervertebral joint thus consists of
the disc between the bodies plus the simple plane synovial
joints between the pairs of articular processes on the
arches. Long strap-like ligaments bind the bodies
together, the anterior and posterior ligaments which
traverse the length of the column on the front and back
of the bodies: and shorter bands connect the spinous and
transverse processes.  The whole makes up a flexible
rod which is one single entity.

Though the spine should be quite straight looked at
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from in front or behind, there are in side view & series of
normal curvatures alternating in direction from above
down. The eervical and lumbar curves are forward con-
vexities or fordaser; the thoracic and sacral curves are
forward copcavitles or kyphoser. And this arrangement
of successive ares, spanned by the chords of the #pinal
muscles, i obviously sounder than 4 more rigid, straight
eolumn would be. The childs spine at birth does not

Sacrum T T
Irth

& Months 2 Years
Fin, 133, Spinal ciirves at differem age.

possess the cervical and lumbar curves; there are only the
anterior concavity of the whole spine {the erouched
foetal position) and that of the sicnim, the two primary
curves. As the head is held up in the first six months the
cervital Jordosis develops; and the lumbar curve results
from sitting up and standing in the second year of life

In the adult the vertebral bodies are somewhat wedge-
shaped to conform to the shipe of the curves—except in
the lumbar region where the intervertebral discs are con-
siderably thicker in front than bhehind.
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Spinal movements, These are

(i} flexion, forward bending, maximal in the eervi-
cal region, though also occutring to a considerable
extent in the lumbar spine;

(i1} extension, backward Lending, maximal in the
lumbar region but also taking place in the neck:

(iii) rotation, a twisting of the columm on the longi-
tudinal axis traversing the nuclei of the discs, freest in
the upper thoracic region and negligible elsewhere;

{ivl sidewayr bending, maximal m lumbar and cer-
vical regrions: [

(v} circumduction, & swaying movement combining
all the above, in which the trunk déscrilies the surface
of & cone, apex dowi



CHAPTER XI
NERVOUS SYSTEM

Tue brain and spinal cord, enclosed in the eranium and
spinal canal, and continuous with each other at the fors.
men magnum in the shull base, make up the central
neroous system. The 12 pairs of cranial nerves arising
from. the brain and the 31 pairs of spinal nerves arising
from the cord coustitute the peripheral nervour syitem.
Together, the central and peripheral arrangements form
the cetebrospinal or voluntary nervous system, which is
mainly concerned with the control and sensation of ‘the
somatic structures of the body wall—skin, muscle, bones
and joints—though many of its activities are far from
conscions.

In contradistinction to this, the semi-independent auto:
nomic OF vepetative nervoss iystem deals with the auto-
matic functioning of the splinchnic structures—viscern,
glands and vessels, Nevertheless, the two systetns are
closely interconnected as we shall see Luter.

CEREBROSPINAL SYSTEM

Membranes, cerebrospinal fluid,

Brain and cord have three enveloping  membiranes,
which are prolonged as shesths along the nerve roots
which pierce them on their wiy out. The outermost
layer is the dura mater, a tough protective envelope,
loosely applied, and not entering the interstices of the
cord or following the convolutions of the briin; in the
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cranium it alo forms the inner lining: periosteum of the
skull bones. The innermost layer is the pie mater, a fine
vasoular membrane closely applied o the outer surfaces
of brain and cord, entering and exactly following every
cleft and crevice, and carrying in with it the fine blood
vessels.  Intermediate i the arachnoid layer; this fits
closely nzide the dura, but there is 4 esnsiderable a1
arachmoid space separating it from the pia, 3 space filled
with cerebirospinal fuid and traversed by spidery meshes
of connective tissue (fig. 134).

The cerehral and spinal membranes are continuots
with eacl) ather, the fluid freely bathing the outer sur-
faces of lmin and cond. The fluid alwo nccupies the
hollow chuinbers or ventricles of the bmin which com-
municats with the small central cunal of the cond, It js
formed as the scerction of the vaseular charoid plexar
lining the ventricles, circulates inside the brain and
cord, escapes through the oof of the hindbrain to the
outer subarachnoid space, and is finally reslsorbed into
the blood stream via the venous sinuses of the crasium.
Thus there iz o continuous cireulation of fuid from the
blood-vessels in the ventricles, round the brain and cord,
and back into the blood stream again.

Spinal cord. (Figs. 136-140.)

The spinal cord is elongated and cylindrical with two
fusiform swellings, the cervical and lumbar snlargements,
which are the sites of origin of the roats of the brachial
and lumbar nerve plexuses for upper and fower Hmbs.

In the foetus the cord oceupies tie whole Jength of the
spinal canal. But it fails to keep pace with the growth
of the spine, until in the adult it ends at the first Tuntihir
vertehrs in a tapering conical extremity. And since the
nerve roots imust still emerge at the correct levels from the
pairs of intervertebral foramina, they have 1o ran more
and more obliquely downward and out as they arise
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lower in the cord; so the spinal canal below the termina-
tion of the cord is filled with a mass of roots—the canda
equing or ' horse’s tail "—decending almost vertically to
their appropriate lumbar and sacral exits, This apparent

Cord ends
between 15t & 2nd 1
Lumbar Vertebrae

!
Fio. 137,  Sarface marking of the spinal cord.  (Aller Gy},
recession of the cord with growth is responsable for the
lumbar enlargement being actually in the lower thoracic

TEeEION.
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Cross-section of the cord shows the inner H-shaped
arrangement of grey matter composed mainly of nerve
cells; and the surrounding white matter—descending and
wxcendmg tracts of nerve fibres. In the very centre is a
minute canal.  In the midline, a cleft anteriorly and 2
fissure posteriorly approach the centre of the cord, divid-
g Wt symmetrical night snd left halves, (Plate 12.)

Ot each side the grey matter projects. in front and
behiind as the anterjor and postersor hnrns.. The anterior
korn containe the motor nerve celle whose fbres are

Spinal Cord

pne-shaped

Terminotion
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Fro, 138, The jernination of the spingl cond

in the vpper lumbar region, (sfier Gray),
destined for the stimmulation of muscles, and theee leave
the cord in a bundle as the anterlor ar motar nerve rool.
The poiterior horn contains sensory cells; fibres enter it
from the posterior or sensory nerve root and are mediated

by a group of cells forming a knob or ganglion on this
ot just outside the cord
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Spinal neryes.

The two roots on each side join just beyond the gang-
lion to form the spinal nerve proper, the junction lying
just within the intervertebral foramen before the nerve
leaves the spine. Thus the spinal nerve contains mixed
sensory and motor fibres which are not separated out
again until, in the later distribution of the nerve and jis
branches in limb or trunk, specific motor and sensory
::ff.! are given off to particular muscles and areas of

The peripheral nerves follow the simplest pattern in
the thoracic region, the spinal nerve on cach side
encircling the chest in its appropriate intercostal space

Fro. 189, Croas-sectinn a{ﬂg: 1p{i!:-i_cord and ils membranes.
ter {rray).
without connection with its neighbour above and below.
But, as we have seen, the lower cervical and the liumbar
and sacral nerves form complex networks as soon as they
have left the spinal column. From these brachial and
Jumbosacral plexuses emerge the actual peripheral
nerves of the limbs, e.g., median and ulnar in the arm,
sciatic and femoral in the leg; and these are usually
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mixed motor and sensory nerves, though some are almost
entirely one or the other, eg., the mdial in the arm &
maiiily motor to the extensor tnuseles,

The Reflex Arc. It is obvious that the spinal eord pro-
vides a relatively simple means for the performance of
cortain primitive and essential actions without the inter-
vention af the brom. Thus an irvitation of 1he skiy sends

Spinous Procers
of Vertebra
Splnal Neeve
|
Posterior Root
Sensary Ganphon - —Sotchon
 Anterior Root
Merve i .
ﬁﬂfm — of Spingl Nerve
el Vertebeal Body
Vertctral Art
arll Yeirmy i

Antecior Dreitlon rmpothet
of Spinal Nerve I S Gunglic

Communicating Twig
1o Sympothetic

Fig. HM0. Crosscction showing the spinal cond, i beeuing
roaty, And the up]_-irupnui: spinal nerve, o they lie lo pelation o
the bony spine. - The sectpt 3 in the conviml reglon. Noie the
commistcnting twig 1o the svimpathetic gungling. (Alles Gray).

a semsory impulse through the posterior root to the
posterior horn; this s transmitted or relayed to the
anterior horn cells of the same wgment of the cord, and
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bevomes a motor impulse travelling out through the
anterior hurn to activate museles which remove the
affected part from the noxious agent. This s the reflex
are al i simplest in the withdrawal reflex, the only
pattern of nervous action in lower animals: and it is
mdependent of the bram, though the brain is aware of 15
results and can to some extent modily them,

On a more complex level, but basically similar, are the
reflexes of micturition, defaccation, sexual orgasm, child-
hirth, all controlled by a particular segment or group of
segments of the cord, All these actions are possible even
when the cord-birain link is compleétely severed by injury,
so that the body is completely parilyzed us far as con-
scious sensation and volitdon are concerned

The Tracts of the Cord. The grey mutier is composed
mainly of cells, with short fibre-connexions at the sune
transverse level, The white matter s made up of fibres
running loagitudinadly in the cord in cable fashion, and
these ure grouped in a constant pattern of individual
tracts, some of which are sensory and some motor. A
few tracts run the length of several vord segments only:
but most run from cord to beain and link the anterior or
posterior horn cells with the appropriate controlling or
receptivie centres of the brain. Thus, from that purt of
the motor ares of the cerehial cortex concerned with arm
movement fibres run to the anterior horn cclls of the
seventh cervical segment of the cord ; and (rom these cells
filires leave to take part in the brachial plexus, enter the
medinn nerve, and actuate the flexors of the wrist. Again,
sensory impulises from the knee travel up i the femoral
nerve; through the humbar plexus, t the posterior hom
cells of the fourth lumbar segment of the cord, and are
then relayed up the long sensory tructs of the latter to the
sensory portion of the cerebral cortex.

In other cases other parw of the brain are the termini
—cerebellumn or midbrain—but an invariahle principle is
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that of crossing or decussation; at some point, wwaally in
the bruin stem, the fibre tracts eross completely from one
side to the other <o that the sensory and motor regions of
the brain control the oppesite halves of the body, The
relays in this system, which are situuted where the long
fibres meet the anterior and posterior horn cells, are
known as synapies. Here each long fibre (which is the
uxon of a brain cell) ends by arborizing round the small
processes or dendrites of a cord cell. There 13 no anato-
mical continuity, but the pasage of electrical impulses is
free, Some of the more important tracts of the cord are
shoven in Plate 12.

Bic. 1L The bewin in vicks views . Disgrammatic. (After Gray),

The Brain.

The brain is the greatly expanded and elaborited
upper end of the eerebrospinil nervous axis, It has the
same - enveloping membranes as the cord: it almost
entirely fills the cranial cavity; and it makes indentations
on the inner aspeet of the cranial bones. The arrange-
ment of grey and white matter is the reverse of that in
the cord, for the grey matter is now on the surface and
the white fibee tracts within, The main portions of the
birain are, from above down, as follows . —
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The Forebrain is the great overhanging pair of eerebral
hemisphares, the hulk of the organ, symmetrical rounded
musses of convoluted nervous tisne which completely
hide the lower parts of the brain when viewed from above.

The two hemispheres are separited by a deep median
fissure which contains a partition of the durn mater; but
are connected at the base of this cleft by a great bridge of
filires from =ide to side. ‘The superficial grey matter, the
cerebral cortex, has an enormous area owing to the
intricate pattern of convolutions. This produces a num-
ber of elevated ridges or gyri separated by narrow valleys
or sulei; and the increasing complexity of this pattern in
evolution through the vertebrates to Man is a measure of
the inerease in intelligence and conseiousness.

Each hemisphere it composed of several lobes which
are not clearly demarcated [rom each other. [n side
view, the frontal lobe is seen at the anterior end of the
hemisphere, occupying the auterior cranial fossa, its tip
the anterior pole of the brain. Behind is the occipital
lobe lying in the posterior cranial fossa, its tip the
I:mlcriur pole. The temporal lobe lies immediately
sehind the frontal and projects below, occupying the
middle cranial fossa; and the parietal fobe is an ill-
defined area squeszed in between frontal and oceipital
regions above the temporal lobe.

Plite 12 shows the arcas of localization of function in
the cerehral cortex, those known to control movement or
to act ns the main reception centres for sensation. The
imhain motor and sensory areas are placed midway between
the poles, and the body is represented in these arcas in
inverted fashion, ie., the arcas for the legs are upper-
most, those for the head below, There is a vaguely
localized centre for the appreciation of the meaning of
words in the temporal lobe of the left side, concerned
with the correlation of the meanings of spoken, written,
read and heard words: but this i situsted on the dght
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side in left-handed people. All these functional areas
are concetned with the opposite half of the body; though
the: visunl area of the occipital cortex is concerned, not so
much with the opposite eye, as with the gathering up
all the visual impulses from the opposite field of visidn
whiich have entered both eyes. Trswill be seen that a con-
siderable aren of cortex is assignied no particular function,
These pre the peychic o association nreas, coneerned
with' the correlution of sensiry and motor data wod with

Corers

LT

Filure-beidge betspen Memogphers

Froo 142,  The forebrain in cross-section.

the higher level of consciousness and personality, par-
ticularly in the frontal lobes. The Lattey may be destroved
or removed without interfering with essentinl activities,
though with considerable changes in mood and capacity
for self-appraisal.

Cross-section of the forebrain shows the surface pattern
of sula and gy, the contrast of grey and white matter,
amd the cleft between the hemispheres. Tt shows on each
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aide the hollow chamiber or venteicle in the depths of the
hemisphere, filled with cercbrospinal fuid, and great
masses of grey matter on each side of the ventricles, the
hatal pangplia, one of which—the thalamoe—iy intimately
connected with the emotions,

The Midbraim i deeply situated at the base of the
lieimsphieres, and partly consists of 4 squat cerchral
preduncle on each side, u pillar supporung the corre-
sponding hemisphers and carrymg fibres 1o und from i
The roof of the mudbrain contains the mmportant nueler
of the third cramal nerve, which controls the moovements
of the eyeballs.

The pituitary body, an anportamt endocrine ghind,
projects from the undersurfiace of the brain just in from
of the peduncles.

The Hindbrain s best soen on the underside of the
organ (fes 131, 156, 141, 143} It mcludes:

(i) the medulla cblengata, the bulbous expansion
formed by the upward prolongation of the spinal cord,
the lowest part of the bram;, contmmg the nerve
centres which control heart-heat and respimation;

(it} the cevaballum, a pair of rounded hemispheres,
finely conveluted, occupying the deepest part of the
posterior cranial fossa

(it} the pons, a hroad bridge of fibres connecting
the cerehellur hemmspheres.

Eich cercbellar hemisphere i concerned with the
opposite side of the body, automatically regulating
musele tone and posture in virtue of the changing sensory
impulses of position and tension it receives from joints,
tendons, and the semi-circular canals of the internal ear,
It is concerned, that is to say, with the essential postural
mechanisus of the head and trunk, the automatic right-
g reflexes which restore the upward carriage of the
head after any upsetting of halance,

- .
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Flbre Tracts of Braln and Cord.

The brain may be regarded as a series of cell-stations
situated at higher and lower levels in the grey matter of
the cerebral cortex, basal ganglia, midbrain, medulla and
cerehelhmr To and from these, great tracts of nerve

Frontal Lobe

lobe

Piturlary
Staik

i
v

Uccipital Lobe
Fin: 143, The uniderdide of the beain, sivsing e pimchments
of the twelve paics of cranial nerves
fibres zscend and descend within the central white
'matter of the bramn stem, the aqal conducting core ol
medulla and midbrain. These tracts have already been
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encountered in the cross-section of the spinal cord, and
may he classified as motor (descending) and sensory
(ascending); at some level, usually in the hindbrain, these
fibres all cross to the opposite side, so that functional
aress of the birain represent the other half of the body,
The principal tracts are as (ollows (Plate 12):

Mator Traois.

(i} Pyramnidal, running from the cerebeal motor
cortex 1o the anterior horn cells of the cord at all levels,
thence relayed to the motor roots.  Concerned with
voluntary maotion.

(i) Cerebello-spinal, runmng from the cerebellum
to the anterior horn cells, concerned with. the auto-
matic regulation of tone and posture.

Sensory Tracts,

(i} The posterior bundles of the cord crrying touch
and sensation 1o the cerebral wisory cortex,

(i) The snterior and laterd buhdles of the cord,
carryving pain and tenperature sépsation to the seisory
corlex.

(i1i) The spino-cercbellar bundle earrying postural
sensation o the cerebellum.

All the sensory bundles are relaying impulses entering
the cord via the posterior sensory roots and the posterior
horn cells. Since the sensory trcts acquire an increasing
mftux from higher roots as they ascend, and since the
motor tracts shrink as. they descend becanse they shed
fibres to successive sezments of the cord, the bulk of the
card as a whole tapers from above downwards.

The Ventricles, Wehave seen that the brain is hollow,
traversed by chunnels for the cerchrospinal fluid. Within
each cerehral hemisphere s a large lateral pentricle, and
histween and below these & a small third venfeicle from
the floor of which the pinniury body isslung. These com.
municate and lead on toa Gy chanoel; the ageeduct,
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Optic Nerve

a3 P Chiasma

{4+—0ptic Tract
[§

L. Cerebral J ){ fr R. Cerebral
Hemisphere = = = — Hemisphere

Fiiy, 144, Thie visual paihivays from oye te brain
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which leads backwards through the midbrain to expand
a4 the fourth ventricle of the medulla. This is continuous
with the central canal of the spinal cord: and from its
eoof, under ¢over of the cerebellum, the fluid escapes
through three little apertures to bathe the outer surface
of the briin und cord in the subarachnoid space. Growe-
ing from the smooth linings of the lateral and fourth
ventricles 1 the highly vascular chorotd plexus which
secretes the fiuid; any block 1o its free flow within the
ventricles;, oo ut ity exit from the hindbrain, results in a
darmmiig-up within the brakn, which is slowly ballsoned
out to produce the condition known as hydrocephalus
or " water on the brain ™,

Vessels and Nerves of the Brain.

The main arterial supply of the brain i derived from
the two internal carotids, which enter the skull hase,
They form, with the vertehril arteries whiclh have
entered the [oramen magnum, a vascular circle around:
the stalk of the piruitary body. ‘From this circle; anterior,
middle and postertor cerebral arteries are given off to the
frontal, parieto=temporal, snd pecipital parts of the brain
respectively, The hindbrain is supplicd directly by the
sertvbiral artery,

The tukin tieing are grovped as vénous sinuses which
run between the layers of the dura muter and eveniually
drain to the intemnal jugilar; the superior sepittal sinus
of the vault, which runs the whole length of the brain
from front to back between the hemispheres, alo drains
off the cerehrospinal fluid, which s thus reabsorbed as
constantly us it is formed.

The brain subsuance iiself 15 not supplicd wih nerves
and is guite insensitive; it can be handled and cut at
operation without reaction; even in the conscious patient.
But its covering membiranes are extremely  sensitive,
[m{_tit:u!nrlg.r to distension, which causes severe headuche.
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Cranlal Nerves. (Fig. 143)

In certain parts of the brain ageregations of nerve cells
from the nuclei from which anise the twelve pairs of
cranial nerves, best seen on the underside of the organ.
These are mainly cancermned with sensation and move-
mient in the head and face, inchading the eve and ear;
but one (the eleventh) dontrols eertain neck muscles, and
utotheér (the tenth) is widely distributed to the thoracic
and shdominal viscern. They may be deseribed from
above downwards, corresponding to the different levels
of the bram at which they arise.

I. The first or olfactory nerves are those of smell. ' On
each side a group of some 20 rootlets-ascends from the
nasal mucous membrane, through the perforations in the
floor of the anterior cranial fosm, and ends in the
olfactory bull on the undesurface of the frontal lobe,
From this the long olfactory stalk relays the impulses to
the cerebiral hemisphere. It should be noted' that the
sense of smell is responsible for a good deal of what is
normally regarded as taste, as witnessed by the effect of
a severe cold on the appreciation of food. These nerves
are purcly sensory.

11. The second or optic nerve is concerned with sight.
Each carries fibres from the nerve cells of the retina and
leaves the back of the orhital cavity through the optic
foramen to enter the middle cranial fosa. The two nerves
from an X-shaped crossing or chicsma on the undemside
of the frontal Jobes, just in front of the pituitary stalk, the
hind limbx of the X being the optic fracts. The effect
of this crossing is that filires from the outer half of each
tetind remain in the optic tract of the same side, while
those from the imner halves cross over into the opposite
tract. Thix means that the right tract earries all the fibres
from the right halves of both retine, and therefore all
the sensation from the whole of the left half of the visual
field; and vice versa for the left tract. This separating
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‘out i esential to maintain the principle of one-sided
representation of function in each hall of the brain
For though cach eye is a one-sided organ it sees on both
sides of the body, and what is needed for efficient co-
ordiitation is that the whole of one side of the visual field
should be represented as such in the cereliral cortex. The
unpulses are refaved to the visual srea of the oecipital
cortex, and there is an intimate connexion with the
mclens of the third nerve which controls eye thovements.
The optic nerve 1s purely sersory.

1. The third or eculomotor nerve controls four: of
the six small mwscles moving the eyeball. It is purely
LHor,

IV, The fourth ot trochleds nerve controls another of
the ocular museles, It is purely motor.

Vi The fifth or trigeminal nerve has a large sensory
root carrving a ganglion; this root is divided into thres
branches :

(i} ophthalmic; this conveys sensation from within
the orhit other than sight, i.e., ocular pain, and sensa-
tion from the forehead und front of the scalp;

{ii} maxillary; this conveys sensation from the upper
jaw and teeth and overlyving facial skin:

(i) mandibular;, this conveys sensation from the
lower jaw and teeth and averlying skin, and ordinary
sensition (but not taste) from the front of the tongue
and mouth.

The mandibular division pases down (o enter a
canal traversing the lower jaw. The ophithalmic division
enters the back of the orbit. The maxillury dividon runs
in a canal sandwiched between the orbital foor and the
mof of the maxilla to vmerge on the front of the cheek.

The fifth nerve also has o small motor root, concerned
with the muscles of mastication, which leaves the skull
with the mandibular division. Thus it will be seen that
the fifih nerve i 4 mixed =nsey and motor nerve,
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VL. The sixth or pathetic nerve controls the last of
the ocular muscles. Tt is purely motor.

VII. The seventh or facial nerve is mainly concerned
with the facial mscles, though it also activates the secre-
tion of some of the salivary glands, and conveys taste
sensation from the front of the wngue, It leaves the
posterior fosss of the skull by entering the internal
auditory meatus on the inner aspect of the temporal bone
in company with the eighth nerve. After a winding course
within the temporal bone it cmerges outside the skully
unmediately m front of the maswid process, and enters
the substance of the parotid gland, in which it divides
mto several twigs supplying the various groups of facial
muscles—scalp and eyelids - cheek, nose and mouth « and
the platysma i the peck, It is o mixed sentory and motor
nerve,

VILI. The sighth or suditory nerve connects the
liner ear, deep iy the substance of the temporal bone,
with the hindbrain; it is really double, serving two
distinet Munctione:

(I} The acoustie portion, which carries:sensations of
sound and pitch from the true organ of hearing, the
cochlea; these sensations are relayed to the auditory
part of the cerebral cortex.

(i) The vesttbular portion, which carries postural
sensation from the semi-circular canals of the internal
ear, the organ of halance, o the cerehellum. It pro-
vides eanstant information as to the changes of posi-
tion, to aid in mainenance of the erect position.

IX. The ninth or glosso-pharyngeal nerve is almost
entirely sensory, though it alio activates parotid secre-
tion and some little muscies associnted with the pharynx.
It conveys sensation from the pharynx, tonsil, and back
of tongue, including taste,

X The tenth nerve, the vagus, is very important and
complex, extending through the neck and thorax to the
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abdomen. Tt is an essential component of the autonomic
system controlling the viscera, as we shall see later. Tts
anatomical course in neck and chest lias been referred
to previously. Its main branches are :

(i) In the meck, for movements of the pharyngeal
and laryngeal muscles, sensation of the linings of
pharynx and larvnx:

(i) In the chest, it forms the cardinc plexus
controlling heart action; the pulmotiary plexuses a
the roots of the lings; and it also supplies the rrusche
of the oesophagus and bronchi, and their associated
glands; and carries sensation from their mucous lirtings:

(iii) In the abdomen, it supplies the muscle, glands
and mucous membranes of the stomach and duo-
demum, and sends twigs 1o the liver, spleen and kidneys.
XL The eleventh or accessory nerve is purely motor,

and supplies the muscle of soft palite and pharynx, and
the sternomastoid and trapesius.

The ninth, tenth and eleventh nerves all arise from
the medulla, and leave the skull base through the jugular
foramen with the internal jugular vein,

XIL The twelith or hypoglossal nerve controls the
muscle of the tongue and oor of the mouth.

One point, common to both spinal and eranial nerves,
must be made here. The fibres of motor eranidl nerves,
or the motor partions of mixed cramal nerves, and those
of the motor roots of the cord, arise from their cells in
the cerchiral nuclei or anterior horns and pass out withour
a break to their destined muscles.  But sersory fibres,
passing in from the skin or other sensary suriace, end at
a group of cells situated outside the brain or cord: these
cells make up the ganglia, knobby swellings an the pos-
terior spinal roots, or on the sensory cranial nerves as they
lie om the skull base, It is invarialile that all senuory
nerves have such o ganglion: and it is the axons of the
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ganglion cells and not the original sensory fibres which
ultimately enter the cercbrospinal axis. In other words,
motor impulses are direct, sensory impulses are mediated.
The outgoing motor pathways are known as efferent, the
incoming sensory fibres are afferent.

AUTONOMIC NERVOUS SYSTEM

Sympathetic and parasympathetie. (Fig. 145)

The autonomic nervous system 18 distnbuted to the
viscera—the hollow internal organs—and to the hiood-
vssels, Tt controls their smooth musculature and the
secretory activity of their associated glands. Becanse all
its nerve fibres are ultimately derived as an outflow from
the cerebrospinal axis itself, it is analogous to 2 Local
Authority in more or less complete charge of sewage and
rransport armngements, but only in virtue of powers
delegated to it by Government itself. And these arminge-
ments are susceptible to indirect modification by that
Government, not through an act of will but through
ernotion whicl intimately affects visceral activity.

The system contiins two complernentary parts, the
rympathetic and parasympathetic, which are anatomically
and functionally different. Both supply the viscera and
vessels, but their influence is mutually antagonistic.
Each acts by liberating at its nerve endings in the orgins
specific chemical substances—adrenaline in the case of
the sympathetic, acetylcholine in the parasympathetic.
And the actions of these substances are mutnally anta-
gotistic.

The eifects of the sympathetic are those of great bodily
activity and preparation in relation to the primitive
reactions of fear and Mght. It constricts the skin vessels,
s raising the blood pressure and shunting more blood to
heart and brain: speeds the heart beat; dries up glandular
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allowing them to fll.

In contrast, the parasympathetic deals with more con-
structive building-up activities in times of tranquillity. It
dilates the peripheral vessels, lowers the blood pressure
and decelerates the heart: excites secretion; and empties
the hollow organs by relaxing their sphincters and con-
tracting their walls.

Nevertheless, this generalization of their actions is an
over-simplification. The two parts of the system are in
complex and reciprocal control of the internal argans,
though one or other may dominate in markedly anxious
or placid individuals. To pursue our analogy, we may
imagine a Local Authority employing builders who both
mike new houses and knock down old aties, but whose
activities overlap at many points and require constant
Co-opermlion.

Anatomical Arrangements.

The sympathetic system is a chain of ganglia on each
side, running the whole length of the spimal column
from atlas to coccys, where the two meet and fuse in a
ungle ganglion. We have met this chain lying on the
sides of the vertebrae at the back of the abdominal and
thoracic. cavities, where there is one ganglion to each
segment and spinal nerve; and in the neck, where there
are only three. The outflow from the central pervous
system to the sympathetic is by a little communjecating
twig from each spinal nerve in the thoracic and upper
lumber region to the corresponding sympathetic gang-
lion (fig. 140). From this ganglion the peripheral sym-
pathetic distribution is effected in two WaYys

(1) by a retuming twig to each spinal nearve, the
fibres travelling out in it to the somatic structures ;

(i) by the formation of plexuses, branches of which
form a network around the vessels travelling 1o the
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viseers, eg., the cardine and pulmonary plexuses of

the chest, the splanchnic nerves running down from

the thoracic chain through the diaphragni to the solar
plexus and thenee to the bowel

The pararympathetic system is less obviously distinct,
for its fibres are merely contained in certain cranial and
sacral nerves at either end of the cerebrospinal axis, The
former supply the glands and vessels of the head, the
latter the bladder, rectum and genital organs. But the
tenth cranial nerve—the vagus—is the great parasym-
pathetic nerve of the body, trversing neck; chest and
abdomen to supply the viseera,

The ultimate sympathetic and parasympathetic twigs
to the individual organs are often distributed in common,
and are always interrupted by a relay at a per.lplwnl
ganglion before reaching their destination,

SPECTAL SENSE ORGANS

The Eye.

The globe of the eve lies embedded in the orbitl fa!,
embraced by the six small ocular muscles which spring
from the bony walls of the orbital cavity and move the.
eyeball in all directions. It is a sphere almost an inch
in all diameters, with a more local convex bulge at the
anterior pole formed by the tramsparent window of the
eornea. The optic terve is attached behind and mm
back in the orbit like a stalk to reach the ¢ranial eavity
vin' the optic foramen.

The eyeball has three coats:

(i) an outer fibrous coat, the tough opaque pro-
tective selera, the white of the eve which surrounds
the whole globe except where it mergss into the cornea
anteriorly;

(i) an intermediate pxgnmned h}ru the chornid,
which lines the selers and i modified in front to form
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the dinphragm of the iris. This rests on the Jens and
has the central aperture of the pupil, the size of which
15 vanied hy the contraction of the underlying muscular
ctllary body;

(iiij the mnermost nervous layer is the refina,
adapted for the reception of light stimuly, and extend-
ing forward no further than the ciliory body. It is
pigmented, containing the visual purple which i
bleached by exposure o strong light, and consists of
a very complex luyered pattern of nerve cells whose
fibres ultinuitely leave the eye in the common bundle

Wirvezgn  Faimoer

Fig, 146 Seciton through the iobe of ihe eye.

of the optic nerve. The point of sttachment of the
latter 1o the retina is the optic dise ur blind spot, s
here there 5 no room for visual reception; and it is
here that the central retinal artery snd vein enter the
eye by traversing the centre of the aptic nerve,

The refracting media of the eve are also three in
mumber :
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(i) the watery agueous humour fills the anterior
chamber, the space between the comes and the front
of the ins and lens; und also pervades the little pos-
terior chamber, the narmow marginal cleft between
lens and back of iris.  Like the cerebrospinal fluid, the
aueous is being constantly secreted from the circula-
tion and reabsorbied, and any interference with the
latter may cause a dangerous rise of ocular tension—
glaucoma,

(i) the translucenit lens i a solid structure enclosed
in 2 capsule, and markedly more convex on its pos-
terior than its anterior aspect; and this curvature i
modified by changes in the tension of its suspensary
ligament to accommodate for near and far vision.

{ii) the great bulk of the eye is flled with the thin
translucent jelly of the vitreons humour, traversed by
a central canal running from the entrance of the optic
nerve to the back of the lens.

Eyelids and Lacrimal Apparatus.

The supporting substance of each lid is the tarsal plate;
a layer of dense connective tissue; the eyelashes are
attached at the lid-marging, and the inner surfaces are
lined by a delicate membrane, the conjunctiva, which is
reflected over the cornes and sclera in front, This is kept
moist by the sceretion of tears by the lacrimal gland,
which is situated in the upper and outer part of the
orbital cavity and has several ducts opening under the
upper lids, The secretion is collected in the lacrimal sac
at the inner angle of the lids, and from this the naso-
laerimal duet runs down the sidewall of the naszal cavity
to discharge the tears into the nose.
The Ear.

The ear fails naturally into three parts: the external
var, the middle ear or tympanic cavity, and the internal
ear or lahyrinth,
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The external eqr consists of the pinng, the funnel-
shaped argin for the collection of sound waves, a thin
pilate ol elastic Rbrocartilage covered with skin; this leads
inwards to the middle ear along a narrow canal, the
external auditory meatus. This is a channel an inch long
with walls. which mre cartilaginous av the surface but
hony as they approach the skull, and lined by inturned
skin possessing wax-secreting glands. Thus the external
ear is mostly outsice the skoll, while the middle and inner
comnpartments are situated actually within the temporsl
bone. At the bottom of the external meatus, the tense
cireular tympanic membrane—the eardrum—completely

Cartiloge Cochien To thoat
Fio, 147, The Eaz,

shuts off the middie ear cavity, except when previous
disease has left a perforaton.

The middle ear wtself & a roughly cuboidal cavity.
I roof is the Aoor of the middle cranial fossa of the
skull; the eardram is its outer wall; and the bomy
case of the inner ear lies medially. And a canal, the
Eustachian tube, connects it with the naso-pharynx, pro-
vidling a route for ascending infection and also a means
for the regulation of airspressure in the chamber, The
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cavity i sparmed by three tiny bone, the auditory
osticles, which link the tympanic membrane with the
outer wall of the inner ear, transmitting by bone.con-
duction the vibrations which are set up by the sound
impuless in the resonant eardrim.

The internal gar, deep within the temporal bone, s 4
complex organ, the membranous labyrinth, which is
housed in an exactly-fitting bony chamber. One part is

Semicircular
Canals:

{positien and

arientation)

Membranous
Labyrinth

Bony
Labyrinth

Fro 148. Iotermal Ear.

concerned only with the sense of position and orienta:
tiem in space.  This consists of three Auid-filled semi.
circulsr  ganalr armmanged in three different planes
mutually ut night angls. Postural changes canse move-
ment of the contained Auid, exciting the hair-tipped
cells lining the canaly, and thess impules are trananitted
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iy the vestibular portion of the cighth nerve. The other
part is the cochlea, the true organ of hearing, a spiraily-
coiled structure respanding to pitch and transmitting it
via the acoustic portion of the eighth nerve.

Two little windows lie between the inner and middle
eirs, but these are closed by membrane and by one of
the ossicles. On the lnper cranial side an internal audi-
tory meatus allows the passage of the seventh and eighth
cranial nerves into the temporal bone from the brain,

Fio, 148, The nose.  The septuin hims been remioved, and we

are Inoking at the side wall of the lefi nawal cavity.  (After Gl
Nosa.

We have seen that the external part of the nose is
parily bony at its base, where it is part of the skull: while
the tip and much of the body is fibrocartilaginous. The
nasal cavity itself is divided into right and left halves by
the nasal septum, cartilaginous in front and bony in the
depths. The two cavities open externally on the face at
the nodtrils or anterior nares, and behind into the naso-
pharynx at the posterior neres, The side wall of each
cavity is marked by three ridges, the superior, middle
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and inferior concha, the substance of each of which is a
fragile scrolled turbinate bone; and bencath each over-
lying turbinate is a corresponding recess or meatus. The
accessory nasal air sinuses open more or less directly into
one or other meatus, the maxillary antrum straight into
the middle meatus, the frontal sinus by & more tortuous
channel, And the lining nasal mucous membrane s
therefore freely continuous with that of the sinuses, which
may be secondarily mvolved by a nasal infection. The
actual smell-sensitive region is on the roof of each cavity,
whiere the mucosa contains the olfactory cells whose
fibres make up the first cranial nerve; the remainder of
the cavity is purely respiratory in function.

The Taste Organs are certain modified epithelial cells,
the taste buds, found miainly on the dosum and sides of
the tongue, and particularly fumerous over its posterior
thirdh They are alio found on the soft palate and
epiglottis, Their impulses are collected up in the seventh
and ninth eranial nerves,
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ENDOCRINE GLANDS

Most of the glands of the body are organs of exwemal
secretion. An obwvious duct carries their secretion into a
body cavity (salivary glands to mouth) or hollow orzan
(pancreas to duodenum) or on to the &kin parface
(sehaceous glands), The endocrine glands have o ducts.
Their internal secretions or hormones are shsarbed into
the blood-stream and diffuwsed throughout the body, over
whose functions they exercise un intimate and delicately
sensitive control. They include the pituitary, thyroid,
parathyroids, suprarenals, pancreas, ovaries and testicles,
Some argans are capable at one and the same time of bath
mternal and external secretion; the pancreas secretes
digestive juice into the bowel as well as insulin mto the
blood, the avaries and testicles form ova and spermatozon
as well as their male and female hormones.

The Pituitary has been described as *the leader ol
the endocrme orchestra™ for it controls the activity of
the other ¢lands to some extent. The e of 2 pea, it i
slung from the under-sirface of the forebruin fmmedi-
ately behind the crossing of the optic nerves: it bcoupies
o little socket between the riche and left mididle cranial
fosse, Section thows it to conmst of 1wo lobes of differing
function. The anterior lobe is concerned with growth.
Overactivity in childhood causes giantism; deficiency
of this portion results in stunting or dwarfing, In adults,
overactivity equses the condition known as acromegaly,

a7h
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Fig. 150, Tbe endocrine glandy
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an enlargement of the head and hands accompanied
by mental retardation. The posterior lobe controls the
water balance of the body; diseased conditions result
in the secretion of an excessive amount of dilute urine
It also increases the tonus of smooth musecle generally,
raising the blood pressure and helping 1o empiy the
bowels and bladder.

The pitvitary as a whole is intimately concerned with
the ovary in regulating the female eycle of ovulation and
menstruation, the developmment of the pregnant uterus;
and the process of hirth or parturition.

Poiteripr
Lobe

Anterior
Lobe

Faa. 151 “The pliniisry gland, lougiiuding) sectiun.
{Afier Gras),

The Thyroid has already been described in the seetion
of this book dealing with the neck, s secretion controls
therate of body metabolisin, the general eyele of Liuilding-
upcand breaking-down of hody tissurs. Exicess causes (he
overexcitability, rapid pulse, sturing eves and wasting
of the condition known as Graves' disease. Deficiency
catses cretinism in childhood, and an obese dow-witted-
Hess i Later life,

The Parathyroids are four small glands embedded in
the thyroid capsule; they control the metabolism of
ealeium, and thus the degree of calcifcation of the
skeleton generully,
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The Suprarenal glands have been described in the
abdomen as triangular cap-like organs sitting on the
upper poles of the kidneys. They have an outer rind or
cortex and an imner medulla. The function of the
medully i mtinately conmected with: that of the sym-
pathetic system, and indesd the two have developed in
cormmon., Through its hormone—adrenaline—an imime-
tlinte response 35 possibile 1o emergency situations; a

Grrot Vesiely -—
af Meck

L bang

Fia: 152, The thymus in the now-bom clubl
| ATy Corap).

speeding-up of the circulation, rasing of blood pressure,
and mobilimiion of the liversugar. The vortical func-
tion is Jess clear: it concerns water and salt metabolism,
and deficiency is slowly fatal, with profound prostration.

The tuternal secrotion of the pancrear is fnadin,
eiantial to the utilizuiion of sugar by tlie tissues; its
deficiency Is the cause of diabetes.

The Gonads. The ovaries and testicles, besides formung
the reproductive cells—ova and  spermatoros—-secrete
thie mile and female sex hormones. These are responsible
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for the developtnent of what are called the secondary
sexual characteristies, the attributes, though not the
essentials, of male and fensle wexudlity, These include
hairiness, deep voice, coarse skin and narrow pelvis 1
men; hairlessness, simooth skin, broad pedvis and: aub-
tutaneous {4t in wormen,

Two other organs are sometimes clissed us endocrine
glands, though it is by no means cortin that they poses
any specific function. The pineat gland i a tiny out-
growth from the roof of the third ventricle of the brain,
i vestigial relic of the third eye in the tap of the skull
possessed by some Hizards.

The Thymus is w lurge lobed structure i the foetis
behind the upper part of the lireastbone, eovering the
front of the great vessels and the upper pericardiun, 1t
greatly diminishes in size and may even disappear after
the first few years of life, Overgrowth of the thymus in
acklt Jife is sometimes found to ACCOMPANY CErtain rare
and senous diseases of the museles and nervous system.
The minute structure of the organ is very similar to that
of a lymphatic gland,
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REPRODUCTION AND DEVELOPMENT

Reproductive Organs

Tre essential sex orguns are known as the gonadi : a pair
of tertei in the male forming the spermatosoa, a pair of
soaries in the female fonming the ova. The general plan
of the reproductive system in bath sexes is not dissimiliar |
but the final adult formes appesr very different becauss,
while the ovaries remuin in the abdominal cavity, the
testes come o e ouide it And in the fermule there 1
a uterus 10 house the developing embryo, while the penis
of the male is represented in the female only by a dim-
inutive organ called the clitoris.

Fro, 153 |h|:': Tt and i gﬁmﬂ
covering. the o
.,H'rrl:rmm i boagituidinal e
Male Organs, The testes develop in the abdominal
cavity, but past down shortly before birth to suter the
jooke skin pocket of the scrotum externally, where
hung down in the perineum on each side of (he root of
ath
K
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the penis. There remains an obligue valve-like passage
through the abdominal muscles just sbove the inguinal
ligament, the inguinal canal, occupied by the stalk of
the testis or spermatic cord which carries blood-vessels to
the organ and the sperm duct back to the pelvic cavity.

The testes are ovoid structures, with a tough fibrous
capsule, made up of lobules containing the fine tubes in
which the spermatosos are formed. Applied to ther
outer side is a curved organ, the epachidymis, which

Vas Deferens

Ureter

Seminal Vesicle

Prostate

Urethra
Fra. 154,
Bladder and ssoeiated organs in the male.  Postersor aprct.

receives the sperm from the testis: it is an intricately
coiled tube from which issues the main speroatic channel,
the vas deferens running up to the abdomen, Testis and
epididymnis lie vertically in the scrotum, with upper and
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lower ]J-ul!:-, murrounded by a Joos serous sic which is
sometimes distended with Auid w produce a h',’dromvch.-

The vas deferens runs down tie side wall of the pelvis
to reach the back of the lower part of the hladder, where
it lies on the upper surface of the prostate; here there is
an amociated sac attached to it outer side, the seminal
wvasicle for the reception and storage of sperm. The ducts
of vas and vesicle open via a common ejaculatory duct
into the urethra, which lies embedded in the prostate
gland. Sperm are contimuously formed an the testis,
stoted in the vesicle, and only enter the urethra in the
hinal ejaculatory act of sexual orgasm, when they are
discharged via the urethra and penis into the female
vaginia, It should be noted that the cjaculated Auid is
not just the sperm, but & complex seminal Muid con-
taining also the secretions of vesicles and prostate.

The fprenii consists of a central bulb arimng from the
centre of the perineum-and traversed by the wrethe; and
two lateral crura springing from the sides of the pubic
arch. These all soon join to form the shaft of the organ,
a cross-section of which shows the disposition of its con-
stituents (fig. 155). Here, the part containing the urethra,
the continuation of the bullh, is the corpur spongiontm
below, with the corpore cavernoss, contimutions of the
two crurs, sbove on exnch side, 1t s 10 these latter thut the
organ owes its remarkable property of rapid increase in
length and girth on sexual excitement, becoming rigid
and capable of introduction into the vagina. This pro-
cess of erection, contrasted with the fAaceid state; 1= due
1o the presence of a syswem of cavernous spaces which
can be rapidly distended with blood from the penile
arterics.

Female Organs, The owaries are a pair of almond-
shaped organs, each lying on the side wall of the pelvis
just below its brim. They are studded with fluid-filled
cyats, the ovarian follicles in which the egg-cells o ovi
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ripen, one coming to maturity every month. The ovaries
are embedded in & meinbranous sheet, the broad lipa-
ment, which stretches like s wing from the uterus to either
vide of the pelvis. And in the upper free edge of this
ligament are the wterine tubes, attached to the uterus
tike outstretched armu to the shouldess. These misealar
hannels open into the uterus medially, and have at their
outer ends a fringed funnel-like entrance which tends to
curve towards and embrace the ovaries, so as easily to
receive the ripe ovum when it is shed.

Uterus, The wambi s o hollow organ, with thick mis.
cular walls, lying in the middle of the pelvis between
bladder in front and rectum behind, It coOmmunicites

Yein and Arteries
of Penis

»
Corput Corpus
Covernasum Cavernosim

Corpus Spongicsum
comtaintng Urethra
Fra, 153, Crosssection of shafl ol penis.  [Alter Griel.
below with the vagina and at each side with the uterine
lubes. The organ s tilted forwards = that the antenor
surface rests on the bladder, and the posterior surface
faces up s well as back; both surfiuces and the dame (or
fundus) are covered with peritonewm, and the peritoncal
pouch between uterus and rectum is the decpest part of

the abdominil cavity.

The virgin uterus is three inches long, its wall an inch
thick. Longitudin section shows the upper body, two
mches Jong, with a triangular cavity: and the lower
errony, an inch in length and trverusd by a narmow



REPRODWUTION AND DEVELOIMENT 245

oervical canal opening into thie mam cavity at its mternal
orifice and into the vagina at its external orifice. The
lining mucous membrane of the body, or endometrium,
contains numerous mucous glinds and undergoes striking
regular changes during the menstrual eycle. The organ
as a whole becomes enormonsly. enlarged in preghaney,
but peturns almest to normal after childbirth by a pro-
cess of invalution, though the cavity never quite regains
its virgin state. The uterus is small and undeveloped in
childhood, and shrinks and atrophies in old age.

The vagine s a dwsenaible canal capable of receiving

Fas 156, Tnwermal sex organs of the female,  [Aflier Grap).
the penis during intercourse and allowing the passage of
the child in parturition, It extends from the uterus,
which it meets at an angle of 90°, to run down and for-
wards through the pelvie floor and open externally on
the perineum. Part of the cervix actually protrudes into
the vagmal vault, the encircling rim of which is known
as the fornix.  The [ront wall of the vagina i mtimately
blended with the back of the bladder and the urethra;
the back wall is soparated from the rectum by fibrons
.

The external femaie genitedia are known collectively
as the pudoa.  Thisincludes the meonr pubig, a futty haie-
covered exminence in front of the pribie symphysis; the skin
folds forming the lips of the vaginal orifice, comprising
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the outer thick labia mujora and the inner slender
labia minora; the clitoris, a diminutive but sensitive
erectile equivalent of the penis lying at the meeting
of the Lubia in front; and the hymen, an incomplete
partition of mucous membrane stretching  across the
vaginal orifice in the virgin, which is raptured by inter-
course to leave a few peripheral tags. The externul
opening of the urethra is just behind the clitoris and
immediately n front of the vaginal orifice. There are
numerous mucous glands in this region,

Urethra

Hrf'ﬂfﬂ

with Dirifice

Muttock

Fiso 137, The frmale permenm.

There is an inguinal canal in the female as in the miale,
but this contains no essential part of the genital organs,
only 4 supporting ligament of the uterus terminating in
the tissues of the groin.

The breasts muy bo described here, as the mammary
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glands are accessories of the genital system ;. designed for
milk secretion, they occur it a rudimentary form in the
male as well as the femule.  In the fatter, they form two
large rounded eminences between the skin and deep
fascin on the front of the chest, overlying the: pectoral
muscles: they extend from the second to the sixth ribs,
and from beside the stermun out wwards the aalls,
Small before puberty, they develop then with the uterus,
hypertrophy in pregrancy and especially at the lactation
period alter delivery, and atrophy in old age. There are
minor eyeclical changes with menstruation.

Nipple

Fro. 158, The female breast, parily disected 1o show the Jobules.

The pigmented nipple at the apex of the breast js
surrounded by a coloured arex of skin, the #reola; this
is studded with sebaceous glands, is pink in the virgin
and permanently darkened in the first pregnancy. The
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nipple bs perforated by 15-20 mitk duets openng at it
summit; it is sewsitive and contains ercctile tisue. The
gland ivelf i divided into numerous lobes by fibrous
partitions, some strands of whick an deeply 1o fasten the
organ to the chest wall  Each lobe containg a branched
system of secreting gland-spaces supported by much
pervading fatty tisue; the lurger ducts copwvenge on the
nipple, and expand just before reaching it as the milk
sinuses or reservoirs, The gland spaces are only distended
with milk duning sctive functioning, and the organ as 4
whole is liberally supplied with blood-vessels for this
pru :

Bagmnnthn.

We may now give a brief account of the reproductive
process, o complicated eyele regulited and controlled by
the endocrine glunds, particularly in the female by the
pituitary. Each month an ovarian follicle rpens in the
ovary, discharging an ovum into the peritoneal cavity—
the process of ooulation. This eug-cell i tuken up by
the onifice of the uterine tube and propelled along that
channel by peristalsis towards the uterus, Here the lining
has become highly vascular and thickened, prepared for
the embedding of a fertikzed ovuin; and if, as is usaally
the case, the ovum has not been fertilized, the mucous
membrane is eventually shed to cause the bleeding of
menstruation, This is tikets as the beginming of the
monthly eycle: it Lwsiz 3.5 days, and then s new lining
begins to be built up again and is completed by the
fourteenth day of the evele, midway hetween two periods;
and it is just at this time that ovulation oecurs again in
the ovaries. Thus the cycle affects both ovaries and
utens; ovalation and menstruation alternate regularly at
fortightly intervals, the uterine lining is completed and
receplive during the latter half of the cvele, destroved at
messtruation, and rebuilt in the first hali,

Fertilization, the union of the male spermatozoot with
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the fermule ovim; ococurs normally in the werine be as
the egg is-moving towards the uierus: It can only ocenr
if at this time a Lving sperm derived from the male by
recent intercourse has made its way up the vaging,
through the- eervix and aterus into the tube, success,
therefore, depends on i near coincidence of intercourse
and ovulation,

Development.

The nuclel of the two germ eells fise, and the ege at
pnce begins 1o divide or segment to form & rounded nuis
of cells, whose tiumber is doubled at each division. This
process beging before entry into the uterus, the journey

Fae, 15, Suiges i the |_1:'.|:||||rrlm!'|1. ol the early embryn,
along the uterine tube tking several days; once in the
uterine cavity the ovum slhers like o parasite, excavit-
ing for ibsell p cavity in the mucous membrane; in which
it becormes embedded and sealed off by w blood clot

Thie early cmubiryo congists of linle more vhan a: par of
wics or vesicles, the ammiofic cavily and the yolk-sae,



290 ANATOMY

with an intervening plate which 15 the actual embryonic
aren ot which individual development occom:  The
ammotic cavity soon greatly expands, comning to line the
whole of the werus, and is flled with the amnintic fluid
bathing the embiryo. At the actual site of implantation
the amniotic membrane dievelops a complex system of
fringed vascular procesies penectrating the utering wall
and bathed freely in the blood spaces of the latter,
Thiz constitutes the mass of the aftebirth or Macenta,
a thick fleshy dise of 6-8 inches diameter when maximully
developed. Itishere that maternal and embryonic circula-
tions are in closest proximity; but there is no direct com-
munteation, oxygen and food substances havimg to diffuse
across the separating layer of cells. The other embryonic
cavity, the yolk-sic, becomes squeesed by the growth of
the wmnion into 4 narrow stalk, the core of the umbiical
cord which connects the developing child, floating freely
in the anmiotic fuid, to the centre of the placenta. The
cord is 20 inches long at birth, spirally twisted, and
carries in s jelly-like substance the two wnbilical
arteries and the single umbilical vein of the foetus.

Since the foctus sends tis swle blood to the placenta
for oxygenation and putriment, the umbilical vessels
resembile the pulmonary tromks, 1., the arteries contain
stiale venous blood, the veins fresh arterial blood.

Embryonle layers. The early embryo soon comes to
possess three Lryers of eells respensible for the origin of
all by tissues and orgions,

The outer layer or ecioderm forms the skin, its glands,
hair and nails:; the nervous system and the esential
parts of the eye, ear and nose. The nervous system
originally lies on the surface of the back of the body and
¢ infolded in development as the neural be, the pre-
cursor of the spinal cord, with a bulbous expansion ut
the head end markiog the bmin, Al the sense oreans
originate in this outer liyer; an infolding of greatly-
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modified skin surface meets an outgrowth from the cen-
tral nervous systemn. This arrangement &5 well showr in
the eye where the retina, an extension from the brain on
the stalk of the optic nerve, cups the transparent lens
developed from the overlying skin.

The innermost layer or endoderm forms the whole of
the howel and its associated glands, such as liver and pan-
creas; the lining of the respiratory tract and lungs; the
thyroid and parathyroid glande We have noted that the
intestine develops on the back wall of the abdominal

Uterine Wall
I
Placenta v 2
{Amnian)
Umbilical Coed
Cervix
External Orifice

Fio. 16 The foctus m atim. (Alter Glary )
cavity, and then comes to lie suspended in that eavity
by a mesentery still antached to the posterior wall. And
though the small intestine retains this position, the
large bowel undergoes o complicated rotation to bring
the caceum and sscending colon to the right and the
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descending colon to the left—a rowtion that may be
reversed, or lelt incomplete. '

The intermediate layer is the metoderm, origin of all
the conmective tissues of the body; the bone and cartilage
of the skeleton; the tecth; all the muscles of both volimn-
tary and involuntary type; the heart and hlood-vessels:
and the urogenital systein,

The general features of the developiment of the hmb-
buds have already been touched on at p, 51, At any
point in the unimaginably complex pattern of develop-
ment things may go wrong, or not go far enough, The
spinal cord may be left on the surfice of the back as an
open layer instead of u tube; or it may divelop normally,
but the two halves of the vertebral column fail to encliose
it commpletely, leaving a gap behind, usuaily in the lumbo-
sacral region—the condition known as spina bifida. The
pulite may remain dleft if its two halves fail to meetr in
the roof of the tmouth; the septam of the heart may
remain incomplete, allowing a viclous and disabling
admixture of venous with arterial blood ; a bone or a limh
may fail to develop wholly or in part, fingers and thumbs
may be o few or oo many, What is cutstanding in
all this is the overwheliing frequency with which the
developmental process inches its way te an accurate
ending at a constant time, reciprocal organs muturing
together, The surprise, indeed, is that any error is &
rarity.

Time-scale.

A note on the times of eertain important stages may be
given. The twe primitive vesiclss of the embryo are
present some [0 daye alter fertilization, and the intes-
vening embryonic area beging to develop in the third
week: head and tail folds, neural groove and hearr, are
pbvious by the fourth week. Tn the fifth week there
Appean the lens of the eye, the rudiments of the fuce, the



REPRODUCTION AND DEVELOPMENT 293

gill-arches, and the stumps of the linb-buds; and the
embryo is pow a fifth of an inch long, The sixth week
sees the body well curved on isell; the head approxunat-
ing to the long tail, the umbilical cord attached to the
belly near the latter; the liver enlarges, the limb-buds
grow out and are demurcated into their segments.

By the end of the eighth week the embryo i an inch
Jong and B thenceforwiard known as the foefur; eves,
ears and nostrils are formed, the external genitals differ-
entiated, and the fingers and toes clearly marked out
Fine downy hair appears in the fourth month, when the
foetus: is B inches Jong: in the fifth, foetal movements
begin and the skin becomes covered with a greasy
SeCTetion.

By the seventh month the eyelids have opened and the
testicles descended into the scrotum; and though the
foetus may now e viable (i.e., capable of living) if born
prematurely, it is not adequately clothed with subeu-
taneous fat until the end of the ninth moath.

At birth, the uterus contracts, rupturing the mem-
branes and expelling first the foctus and amniotic fuid,
then the placenta, und finally the membranes turned
mnside out likean umbrella. Certain important changes
occur in the child ar and soon after this moment of birth
During foctal life the hungs huve remamed unexpanded
and airdes; they tieed no blood and the stream in the
pulmorary artery is shunted through a bypass directly
into the aorta. With the first ery the lungs expand, the
pulmonary circulation is established, and the bypass soan
closes off. The portions of the umbilical vesels eontained
within the foetus also become shrivelled-up and obliter-
ated ) and the former parasite has become an independent
organiso
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EVOLUTION

We may define man'’s place in the warld of living
creatures by succesively narrowing our terms. He iy
an animal, and not a plant; multicellular, and not uni-

ar; a chordate—and & vertebrae chordite, not an
mvertebrate; a vertebrate with Jaws, and not a jawles
lamprey or hagfish; A terrestrial vertebrare, and not a
fish; a warm-blooded mammal, and not a roptile,
amnphibian or hird; a placental and not an ceg-laying
or pouched mammal: o primste within the placentals,
and an anthropoid within the prinstes ; - man within the
anthiropoids, and finally a modern man—Homo sapiens
—#ts distinet from more primitive forerunners,

Let us discuss these terms in more detail.

Chordates, These are great group of animals ranging
from degenerate forms such as Sea-squirts to every form
of vertebrate, but all derived from a simple, free-swim-
ming, marine fishlike ancestor, an ancestor possessing
certain characters separating it from earlier forms and
handed down, with modifications; to all chordates SINCE,

The elongated body was clearly differentinted into
upper and lower surfaces, and though this body was seg-
mented, segmetitation was confined o the musele mass
along the back, the abdominal organs in the ventral
portion of the body remaining as a unified system. This
is quite different from the segmentation common in lower
forms of life, such as the earthworm, where each bexel ¢
segment reduplicates the next and carries a complete
set of organs,  Chordate segmeniation was also apparent,

204
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not only in the dorsal muscle blocks, but in the nerves
mppl'fmg them which emerged from & gerve cond run-

ning the length of the body. Finally, and characteristic
uf this group of animuls—as its name implies—a stiffen-
ing rod, or notochord, the forerunner of the vertehral
column in verehrates proper, traversed the body from
end to end immediately in front of the nerve cord, pro-
viding an axis of leverage for the muscles. The signs of
this primitive orgamsition persist even in man, A relie
of the notochord s to be found in the smple jelly of
the pulpy central nucleus in each fibrocartilagmous disc
between: a pair of vertebral bodies—a relie still oeeupy-
ing itz old place anterior to a nerve cord which lias become
the spinil cord. And the segmentation of the musscles
of the back, and of the spinal neeves supplying them, is
still to e seen—most clearly in the b spaces—distorted
though the pattern has been made by the evolutionary
cmergence of the limbs.

A SRS ﬁ'ﬁ"ﬁﬁﬁﬁﬂi“s‘ﬂm--

Fro, tfir. A simple chordate still in exinenee. dmphioray,

ltfl':c ll:uf.l{‘r.ff}L NEu- the trt;mtmm of tuu rlrn?l 3“:!;-

" remioved o ex the notochord [uf.
'I"I:rnm?h M{ML mdfupf?uj} el theie p[m-
mﬂm (div.}, pecupy a commen ventral abdominal cavity

exttmnllr at the anm (an), ph i the pharymc
ﬂlrmnmlunut:lmwn hirre,

[From Young's Life of Vertebrain},

Bialogically, the appearance of the fish:like chordate
onf the evolutionary scene was important. Simpler forms
af life often have a frec-swimming intermediate or larval
stage in their life cycle, but the typical adult is sedentary
o the sea floor. With the chordate we meet an active
adult able to reach the surface and hrowse on the ample
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food resources of the plankton, the first step fmmhw L
bottom to dry land.

Yertebrates. The vertchirates ure chordates posessing
at least the rudiments of & canium and some evidence
of a vertebral column, The forward end of the simple
nervous system s becomne @ complex brain, and in
relation to this there have appeared sense OFgins—aye,
nose and ear—permitting & much more elaborate patten
of response to environmental stimuli, Movemuents becarme

B g el

Fin. 164, Cressseetion of dmphinrss in pharynges Teging
Exmsally, the muscle blocks {mp] surround the peive pord
[me) with (he. notochord [w.) lyi immediately in frane
Ik b he cavity of thrlmzum. which becomies conshmrmn
with the gul, and g i the frair of gesnafa,

(From Young's Life of Vertilrater).
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more specialized to meet the needs of these stimuli and
the side-fins of fishes were made use of, when vertehrates
eventually became land animals, as limbs for locamotion
and ultimately as hands for manipulation. In this long
development they probably passed through a fresh-water
stage and reduced the salt content of their blood. The
earliest specimens of vertebrates, like our surviving lam-
preys, were without jaws; and the acquisition of jaws
opened new possibilities in attack and food-gathering andl
lessenied the need for heavy protective armament in the
thape of ensheathing scales or bany plates. Typical, also,
of vertebrate evolution was the sequisition of a chambered
heart and of a respiratary pigment—haemoglobin—
carried in little packets in the red corpuscles and not in
simnple solution in the blood plasma, two changes greatly
improving the efficiency of the circulation. This, with the
air-breathing lungs and warm blood ol birds and
matmmals, permitted in these two vertebrate forms an
extravagant expenditure of energy in movement which
had been hitherto impossible; a change almost compar-
able, in biological progress, to the arrival of atomic
energy oo the industrial scene.

The head. As veriebrates evolved, more and more
iportance sttached to central control from the enlarg-
ing brain.  An elaborate skull developed 10 protect this
and 10 house the sense organs. In the dogfish the skull
is m simple collection of cartilaginous boyes serving this
purpose, boxes developied as modifications of the vortebiral
segiments at this end of the body. (Tt must be remem-
bered that in more primitive forms there is no particular
head or tail end) The jaws developed as modifications
of the pill arches just behind the skull, into which they
weere eventually incorporated, In fact, the head of higher
vertebrates, an apparently unicque structure with o
specialized neck to connect it to the trunk, is merely the
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end-result of continuous evolutionury change in the
vertehral segments ar one end of the body. Because
brain, jaws and sense organs have developed here the
Iocal segmentation of the skeleton has been correspond-
ingly distorted 1o form the skull; and yet, despite their
modern complexity, the bony skull and the hrain with its
pairs of eranial nerves correspond in their origin to the
simple segniental elements of spinal column and spinl
cord in the trunk proper,

Mammals. With the birds, the mamimals represent
the vertehrate form mnost adapted to life on land, Their
peculiarities enable them to five in the most difficult
“conditions. As Professor J. Z, Youny strikingly puts it,
" A camel and the man he is carrying may contain more
water than is to be found in the air and sand wastes for
miles around ”, an instance of the extreme im probability
of mammalian life which is so typical Al life is im-
probable against the background of the nori-living
universe, in the sense that living creatures maintain them-
selves and temporarily put a halt, in their protoplasmic
whirlpools, to the general running down of energy.
Mammals do this 10 a greater degree than any other
forms, save the birds, and have raised the otergy Hux
through the living body to its height. They can main-
tain & constant temperature higher than tha of their
surroundings. They can live in cold polar regions, and
can also live and grow through the winters of temperate
2ones when cold-blooded creatures must hibermnate. This
free life in the most diverse external copditions is due
to their ahility to regulate such factors of their internal
state as body temperature and the composition of blood
and tissue fluids at an amazingly constand level, no matter
how the outide world changes physically or chemirally

At the same time nuummals bave produced devices—
limbs, hands, trunls—enabling them 1o alter their en-
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viromment to suit themselves by digging or handling, by
luilding dams—if they are beavers—or blasting pieces
off the earth's surface if they are men. To quote Professor
Young once more, * Warmih, enterprise, ingenuity and
care of the young have been the busis of mammalian
sccess throughout their history . . . They might well
b dlefined us highly percipient and mobile animals with
lirge brains, warm blood, and waterproofled, usually
hairy, skins, whose young are born alive”, They also
have a diaphragm, & four-chambered heart, and a single
left-sided aortic arch, Primitive mammals, it is troe,
shared the characters of other, lower, veriebrates. The
surviving platypus has the skeleton and egg-laying habits
of & reptile and a bird’s hill, an exception which may once
have been the rule. But the typical mammal is placental!
e, the young develop for a long period within the
uterus and are fed during that time through a placenta
attached to the inner lining of the uterus (e p. 290
Things are quite different in the few non-placental,
pouched mammals, mainly marsupials, where the young
are born only a few duys or weeks after conception and
crawl precociowsly to the pouch, where they glue them-
selves to the mother’s teats for many days until separately
vialile.

The true placental mammals, as they evolved, tended
10 become larger, and their limbs longer; they walked on
their digits and not on the soles of their feet; the teeth
became specialized for predomimantly herbivorous or
carnivorous diet: and the brain expanded in ecertain
regions—notably the frontal lohes—at the expense of the
parts concerned with smell and so important to lower
animals,

- pPrimates, The orginal placentals were tree-living:
The primates, and the monkeys, apes and men known as
anthropoids within the larger primate group, remained
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so and therefore retained the five fingers and toes and
thie mobile claviele which other mammale have lost. In
the active life of the weetops quickness of brain and
movement, prehensile hands and feet and grasping great
toes, the development of eyes and ears at the expense
of smell, all progressed apace, The brain became enot-
mously large, specially its occipital (visual) and fronwl
(associational) lobes. Claws gave way to muls. Mobility
of the army was greatly facilitated by retention of the
clavicle, by adding the range of a molbile scapula o that
ol the true shoulder joint {see p. 78], and by un increas-
ing range of pronation and supination. In reproduction,
tpenstruation now appeared for the first time, a periodic
breakdown of the uterine fning after the failure of
claborate preparations for the possible implantation of a
fertilized ovuin and subsequent placentation. Parents
hegan to care for their young long after hirth, The
fumnily arrived. Within the primates the anthropoids con-
titiued the development of 4 complex social life based on
sight and not on smell, and accompanied by elaborate
emotional expression. The outer eart shrank, the large
eves faced directly forward, the enormous cerebral hemis-
pheres overhung the hindbrain, and the rounded head
topped a mohile neck.

Man. Man's brain is larger than that of any ape and
differs more from it than the ape’s, in its turn, differs
from the brain of other anthropoids. The swallen frontal
and occipital lobes point o the greater importance of
cantion and restram, reflection and vision, in human
life. We have developed awareness of ourselves and of
our world, conscious thought, and, above all, speech,

Man walks and bulunces on two legs routinely, and
not occasionally, and his spinal eolumn is correspondingly
modified into a sequence of dlternating curves under the
vertical stresses ([tee po 24 The intervertebeal discs



=
Fio. 165 The bones of the hind Bmbs of various primates
arranged (o suggest the evolutionary development of the char-
acicristic features of the human leg—ihe ventical femur with
its Jomg neek and prominent great smachantes (22), the well-
developed beel (e2.), and the non-opposable greal foe {m).

(From Young's Life of Verichralea ],
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become more important in size and function—and fail
oftener. The architecture af pelvis, hip joints, thigh and
leg bones also changes; and the internul structure and
trabeculation of these bones reflect o purely mechanical
solution to the engineering problems presented to them
Balance, the achievement of temporary stability in stand-
ihg on one leg in running or walking, is a problem which
produces great hypertrophy of the gluteal muscles in the
buttock, whose function it & to fix the pelvis over the
weight-bearing hip (se¢ p, 132). The long neck of the
human femur increases the leverage available to these
mmnscles; and, although this clongation keeps the upper
enids of the fermora well away from the body, the inwaird
stope of the thighs brings the knees and feet back under
the centre of gravity. The arched system of weight dis
tribution in the feet is peculiar to man: and o i= the
abandonment of the short mobile first metatarsal segment
and the opposable great toe for a long fixed segment
strong enough to take the propulsive thrust of walking.
This change is not always satisfactorily accomplished: in
some  individuals the first metatarsal remains short and
loose and the great toe adducted, an atavism which pro-
duces bunions in young people and makes it difficult to
wear ordinary shoes

The human arm and its muscles have become shorter
and less powerful than in the apes as they do not have
to support the body weight in swinging. And the chest,
from which many of the shoulder-girdle muscles arise, is
correspondingly puny. In the hand, the small intrimsic
museles controlling the digits have greatly developed, and
a truly opposable thumb is seen for the first time in the
anmmal kingdom. All the differences between upper and
lower limbs in apes and men result from the single
onginal difference that the ape uses his arms, and mun
his legs, to get about.
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The characteristics of the human skull are the result
ol changes in brain size, changes in dentition, and of a
new poise of head on neck. The growth of the frontal

H neanderthislensis

Fra. 164, The skl of the gorilla aml ol progresive
stages in the evolntion of muan.  Nole the general rilarge-
ment of the craniom, the roundmg of comtour, the develop.
miert of the rentml region, and the receeiin of the lower jaw.
(From Young's Lifr of Vivtebrate ),
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Iobes produced the vertical forehead and face, the more
apparent since, at the same tme, the jaws have receded
{though the chin itself is a human phenomenon). The
great brow and oceipital ridges of the gorilla’s skull
have disappeared, and a general rounding of contour
taken place. Vertical balunce of the skall on the cervical
spine is more perfect and the sternomastoid museles,
which twm the well-poised head from side w side, have
pulled out the prominent mastoid progesses from the
base of the skull (fig. 125), '

The general rate of growth and development of the
human body is considernbly slower than that of the apes,
whose long bones have their epiphyses finadly closed by
the age of 12-14 nstedd of 14-18'as in man. But it
is this long period of receptive immatanty, mental as
well as physical, during swhich the young human being
reinaing in constant need of care and protection, which
alto gives him un opportunity for learning and attain-
ment uneivilled by any other creature,
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