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Preface to the Fourteenth Edition

As a teacher of medical students and surgical trainees, I know that much of
clinical examination and diagnosis depends on an adequate knowledge of
anatomy. No matter how good the doctors are at communication skills and
patient empathy, unless they know what lies beneath their examining fin-
gers or under the bell of their stethoscopes, they will have great difficulty
in the interpretation of clinical signs. Understanding and interpreting the
exquisite details of modern radiological imaging also requires a good
knowledge of the structure of the human body.

This was true over 55 years ago when I wrote the first edition of this
book, and is perhaps even more so today, when the content of anatomical
knowledge in the medical student’s curriculum has been greatly reduced.

Over these many years, during which time I have taught students and
postgraduates in five medical schools, and examined them in eight coun-
tries and sixteen universities, my belief in the importance of an adequate
knowledge of anatomy as an adjunct to clinical training has been strongly
reinforced.

In the preparation of the 12th edition (Golden Jubilee edition) and the
subsequent two editions (including this one), I have been fortunate indeed
in having been able to recruit Professor Vishy Mahadevan, the Barbers’
Company Professor of Anatomy at the Royal College of Surgeons of
England, as co-author. He is a renowned and revered teacher of surgical
trainees as well as being a current examiner in the MRCS and in overseas
medical schools. Together, in this new edition, we have carried out a care-
ful revision and updating of the text and diagrams.

We hope that this book will continue to help our students and postgrad-
uate trainees throughout the English-speaking world.

Harold Ellis
July 2018






Preface to the First Edition

Experience of teaching clinical students at three medical schools has con-
vinced me that there is still an unfortunate hiatus between the anatomy
which the student learns in his pre-clinical years and that which he later
encounters in the wards and operating theatres.

This book attempts to bridge this gap. It does so by high-lighting those
features of anatomy which are of clinical importance, in medicine and mid-
wifery as well as in surgery. It presents the facts which a student might
reasonably be expected to carry with him during his years on the wards,
through final examinations and into his post-graduate years; it is designed
for the clinical student.

Anatomy is a vast subject and therefore, in order to achieve this goal, I
have deliberately carried out a rigorous selection of material so as to cover
only those of its thousands of facts which I consider form the necessary
anatomical scaffolding for the clinician. Wherever possible practical appli-
cations are indicated throughout the text — they cannot, within the limita-
tions of a book of this size, be exhaustive, but I hope that they will act as
signposts to the student and indicate how many clinical phenomena can be
understood and remembered on simple anatomical grounds.

Harold Ellis
Oxford, 1960
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Introduction

The clinical anatomy of the thorax, together with the anatomy of radiologi-
cal and other imaging techniques of the thorax are in daily use in clinical
practice. The routine clinical examination of the patient’s chest is little
more than an exercise in relating the deep structures of the thorax to the
chest wall. Moreover, several commonly undertaken procedures — chest
aspiration, insertion of a chest drain or of a subclavian line, placement of a
cardiac pacemaker, for example — have their basis, and their safe perfor-
mance, in sound anatomical knowledge.

Surface anatomy and surface
markings

Much of the working life of an experienced clinician is spent in relating the
patient’s surface anatomy to underlying deep structures (Fig. 1; see also
Figs 11, 22).

The following bony prominences can usually be palpated in the living
subject (corresponding vertebral levels are given in brackets):

e superior angle of the scapula (T2);

e upper border of the manubrium sterni, the suprasternal notch (T2/3);

e spine of the scapula (T3);

e sternal angle (of Louis) — the transverse ridge at the manubriosternal
junction (T4/5);

e inferior angle of the scapula (T8); it also overlies the 7th rib;

e xiphisternal joint (T9);

* Jowest part of the costal margin — 10th rib (the subcostal line passes
through L3).

Note from Fig. 1 that the manubrium sterni corresponds to the 3rd and
4th thoracic vertebrae and overlies the aortic arch, and that the body of the
sternum corresponds to the 5th-8th vertebrae and neatly overlies the heart.

Since the 1st and 12th ribs are difficult to feel, the ribs should be enumer-
ated from the 2nd costal cartilage, which articulates with the sternum at
the angle of Louis.

The spinous processes of all the thoracic vertebrae can be palpated in the
midline posteriorly, but it should be remembered that the first spinous pro-
cess that can be felt is that of C7 (the vertebra prominens).

The position of the nipple varies considerably in the female, but in the
male it usually overlies the 4th intercostal space approximately 10 cm (4in)
from the midline. The apex beat, which marks the lowest and outermost
point at which the cardiac impulse can be palpated, is normally in the 5th
intercostal space 9cm (3.5in) from the midline and within the midclavicu-
lar line. (This corresponds to just below and medial to the nipple in the
male, but it is always preferable to use bony rather than soft-tissue points
of reference.)



4 The thorax

The trachea is palpable in the suprasternal notch midway between the
heads of the two clavicles.

The trachea (Figs 1,2)

The trachea commences in the neck at the level of the lower border of the
cricoid cartilage (C6) and runs vertically downwards to end below the
level of the sternal angle of Louis (T4/5), just to the right of the midline, by
dividing to form the right and left main bronchi. In the erect position and
in full inspiration the level of bifurcation is at Té.

The pleura (Figs 2, 3)

The cervical pleura can be marked out on the surface by a curved line drawn
from the sternoclavicular joint to the junction of the medial and middle
thirds of the clavicle; the apex of the pleura is approximately 2.5cm (1in)
above the clavicle. This fact is easily explained by the oblique slope of the
first rib. It is important because the pleura can be wounded (with conse-
quent pneumothorax) by a stab wound — and this includes the surgeon’s
knife and the anaesthetist’s needle — above the clavicle, or, in an attempted
subclavian vein catheterization, below the clavicle. The lines of pleural
reflexion pass from behind the sternoclavicular joint on each side to meet
in the midline at the 2nd costal cartilage (the angle of Louis). The right

Suprasternal notch
Manubrium sterni
Aorta

Angle of Louis

Body of sternum

Heart

Xiphisternal joint
Xiphoid process

Diaphragm

Fig.1 Lateral view of
the thorax — its surface
markings and vertebral
levels. (Note that the
angle of Louis (T4/5)
demarcates the lower
boundary of the superior
mediastinum, the upper
margin of the heart and
the beginning and end of
the aortic arch.)



Fig. 2 The surface
markings of the lungs
and pleura — anterior
view.

Fig. 3 The surface
markings of the lungs
and pleura — posterior
view.
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Upper lobe Upper lobe

Horizontal fissure

Middle lobe Oblique fissure

Oblique fissure
Lower lobe
Lower lobe

Pleura
Pleura

Upper lobe

Oblique fissure

Lower lobe

Pleura

pleural edge then passes vertically downwards to the 6th costal cartilage
and then crosses:

e the 8th rib in the midclavicular line;

e the 10th rib in the midaxillary line;

e the 12th rib at the lateral border of the erector spinae.

On the left side the pleural edge arches laterally at the 4th costal cartilage
and descends lateral to the border of the sternum, owing, of course, to its
lateral displacement by the heart; apart from this, its relationships are
those of the right side.
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The pleura actually descends just below the 12th rib margin at its medial
extremity — or even below the edge of the 11th rib if the 12th is unusually
short; obviously, in this situation, the pleura may be opened accidentally in
making a loin incision to expose the kidney, perform an adrenalectomy or
drain a subphrenic abscess.

The lungs (Figs 2, 3)

The surface projection of the lung is somewhat less extensive than that of
the parietal pleura as outlined previously, and in addition it varies quite
considerably with the phase of respiration. The apex of the lung closely fol-
lows the line of the cervical pleura and the surface marking of the anterior
border of the right lung corresponds to that of the right mediastinal pleura.
On the left side, however, the anterior border has a distinct notch (the cardiac
notch) that passes behind the 5th and 6th costal cartilages. The lower border
of the lung has an excursion of as much as 5-8cm (2-3in) in the extremes
of respiration, but in the neutral position (midway between inspiration
and expiration) it lies along a line which crosses the 6th rib in the midclav-
icular line, the 8th rib in the midaxillary line and reaches the 10th rib adja-
cent to the vertebral column posteriorly.

The oblique fissure, which divides the lung into upper and lower lobes, is
indicated on the surface by a line drawn obliquely downwards and out-
wards from 2.5cm (1lin) lateral to the spine of the 3rd thoracic vertebra
along the 5th intercostal space to the 6th costal cartilage approximately
4cm (1.5in) from the midline. This can be represented approximately by
abducting the shoulder to its full extent; the line of the oblique fissure then
corresponds to the position of the medial border of the scapula.

The surface markings of the transverse fissure (separating the middle and
upper lobes of the right lung) is a line drawn horizontally along the 4th
costal cartilage and meeting the oblique fissure where the latter crosses the
Sth rib.

The heart (rig. 4

The outline of the heart can be represented on the surface by an irregular
quadrangle bounded by the following four points (Fig. 4):
1 the 2nd left costal cartilage 1.25cm (0.5in) from the edge of the sternum;
2 the 3rd right costal cartilage 1.25cm (0.5in) from the sternal edge;
3 the 6th right costal cartilage 1.25cm (0.5in) from the sternum;
4 the 5th left intercostal space 9cm (3.5in) from the midline (correspond-
ing to the apex beat).
The left border of the heart (indicated by the curved line joining points
1 and 4) is formed almost entirely by the left ventricle (the auricular
appendage of the left atrium peeping around this border superiorly); the
lower border (the horizontal line joining points 3 and 4) corresponds to the
right ventricle and the apical part of the left ventricle; the right border
(marked by the line joining points 2 and 3) is formed by the right atrium
(see Fig. 24a).



Fig. 4 The surface
markings of the heart
(see text).

The thoracic cage 7

A good guide to the size and position of your own heart is given by plac-
ing your clenched right fist palmar surface inwards immediately inferior
to the manubriosternal junction. Note that the heart is approximately the
size of the subject’s fist, lies behind the body of the sternum (therefore ante-
rior to thoracic vertebrae 5-8) and bulges over to the left side.

The surface markings of the vessels of the thoracic wall are of impor-
tance if these structures are to be avoided when performing aspiration of
the chest. The internal thoracic (internal mammary) vessels run vertically
downwards behind the costal cartilages 1.25cm (0.5in) from the lateral
border of the sternum. The intercostal vessels lie immediately below their
corresponding ribs (the vein above the artery) so that it is safe to pass a
needle immediately above a rib, but hazardous to pass it immediately below
(see Fig. 8).

The thoracic cage

The thoracic cage is formed by the vertebral column behind, the ribs and
intercostal spaces on either side and the sternum and costal cartilages in
front. Above, it communicates through the superior aperture of the tho-
racic cage with the root of the neck; below, it is separated from the abdomi-
nal cavity by the diaphragm (Fig. 1). Amusingly, the superior aperture of
the thoracic cage is termed the ‘thoracic inlet’ by anatomists, while clini-
cians (especially vascular surgeons, neurosurgeons and radiologists) refer
to the same aperture as the ‘thoracic outlet’.

The thoracic vertebrae

See ‘The vertebral column’, page 347. See also page 350 and Fig. 228.



8 The thorax

The ribs

The greater part of the thoracic cage is formed by the twelve pairs of ribs.
Of these, the first seven are connected anteriorly by way of their costal
cartilages to the sternum, the cartilages of the 8th, 9th and 10th articulate
each with the cartilage of the rib above and the last two ribs are free ante-
riorly (‘floating ribs’).

Each typical rib (Fig. 5) has a head bearing two articular facets, for articula-
tion with the upper demifacet on the side of the body of the numerically cor-
responding thoracic vertebra and the lower demifacet of the vertebra above
(see Fig. 228). Thus, the head of the third rib articulates with its own third
vertebral body and the one above. The head continues as a stout neck, which
gives attachment to the costotransverse ligaments, a tubercle with a rough
non-articular portion and a smooth facet, for articulation with the transverse
process of the corresponding vertebra, and a long shaft flattened from side to
side and divided into two parts by the ‘angle” of the rib. The angle demarcates
the lateral limit of attachment of the erector spinae muscle.

The following are the significant features of the “atypical’ ribs.

The 1st rib (Fig. 6) is flattened from above downwards. It is not only the
flattest but also the shortest and most highly curved of all the ribs. It has a
prominent tubercle on the inner border of its upper surface for the insertion
of scalenus anterior. In front of this tubercle, the subclavian vein crosses the
rib; behind the tubercle is the subclavian groove, where the subclavian artery
and lowest trunk of the brachial plexus lie in relation to the bone. This is
one of the sites where the anaesthetist can infiltrate the plexus with local
anaesthetic.

Crossing the front of the neck of the first rib vertically and lying from
medial to lateral are the sympathetic trunk, the superior intercostal artery
(from the costocervical trunk) and the large branch of the first thoracic
nerve to the brachial plexus.

The 2nd rib is much less curved than the 1st and approximately twice
as long.

Head
Neck

Facet for vertebral

body Tubercle

Angle

Subcostal groove

Fig. 5 A typical rib.
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Scalenus medius
Brachial plexus

Groove for plexus
and subclavian artery

Groove for -
subclavian vein

Tubercle for
scalenus anterior

Fig. 6 Structures crossing the first rib.

The 10th rib has only one articular facet on the head.

The 11th and 12th ribs (the ‘floating ribs’) are short, have no tubercles and
only a single facet on the head. The 11th rib has a slight angle and a shallow
subcostal groove; the 12th has neither of these features.

CLINICAL FEATURES

Rib fractures
The chest wall of the child is highly elastic and therefore fractures of the rib
in children are rare. In adults, the ribs may be fractured by direct violence or
indirectly by crushing injuries; in the latter, the rib tends to give way at its
weakest part in the region of its angle. Not unnaturally, the upper two ribs,
which are protected by the clavicle, and the lower two ribs, which are unat-
tached anteriorly, and therefore swing free, are the least commonly injured.
In a severe crush injury to the chest several ribs may fracture in front and
behind so that a whole segment of the thoracic cage becomes torn free
(‘stove-in chest’). With each inspiration, this loose flap sucks in; with each
expiration, it blows out; thus undergoing paradoxical respiratory move-
ment. The associated swinging movements of the mediastinum produce
severe shock, and this injury calls for urgent treatment by insertion of a
chest drain with underwater seal, followed by endotracheal intubation, or
tracheostomy, combined with positive pressure respiration.

Coarctation of the aorta (see Fig. 34b and page 44)

In coarctation of the aorta, the intercostal arteries derived from the aorta
receive blood from the superior intercostals (from the costocervical trunk of
the subclavian artery), from the anterior intercostal branches of the internal
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thoracic artery (arising from the subclavian artery) and from the arteries
anastomosing around the scapula. Together with the communication
between the internal thoracic and inferior epigastric arteries, they provide
the principal collaterals between the aorta above and below the block. In
consequence, the intercostal arteries undergo dilatation and tortuosity and
erode the lower borders of the corresponding ribs to give the characteristic
irregular notching of the ribs, which is very useful in the radiographic confir-
mation of this lesion.

Cervical rib

A cervical rib (Fig. 7) occurs in 0.5% of subjects and is bilateral in half of
these. It is attached to the transverse process of the 7th cervical vertebra
and articulates with the 1st (thoracic) rib or, if short, has a free distal
extremity which usually attaches by a fibrous strand to the (normal) first
rib. Pressure of such a rib on the lowest trunk of the brachial plexus arch-
ing over it may produce paraesthesiae along the ulnar border of the fore-
arm and wasting of the small muscles of the hand (T1). Less commonly
vascular changes, even gangrene, may be caused by pressure of the rib on
the overlying subclavian artery. This results in poststenotic dilatation of
the vessel distal to the rib in which a thrombus forms, from which emboli
are thrown off.

Scalenus anterior ——

Brachial plexus ——

Subclavian artery —

Fig. 7 Bilateral cervical ribs. On the right side the brachial plexus is seen
arching over the rib and stretching its lowest trunk. The subclavian artery may
also be pressed upon by the underlying cervical rib.
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The costal cartilages

These bars of hyaline cartilage serve to connect the upper seven ribs directly
to the side of the sternum and the 8th, 9th and 10th ribs to the cartilage
immediately above. The cartilages of the 11th and 12th ribs merely join the
tapered extremities of these ribs and end in the abdominal musculature.

CLINICAL FEATURES

1 The cartilage adds considerable resilience to the thoracic cage and pro-
tects the sternum and ribs from more frequent fracture.

2 In old age (and sometimes also in young adults) the costal cartilages
undergo progressive ossification; they then become radio-opaque and
may give rise to some confusion when examining a chest radiograph of
an elderly patient.

The sternum

This dagger-shaped bone, which forms the anterior part of the thoracic
cage, consists of three parts. The manubrium is roughly triangular in out-
line and provides articulation for the clavicles and for the first and upper
part of the 2nd costal cartilages on either side. It is situated opposite the
3rd and 4th thoracic vertebrae. Opposite the disc between T4 and T5 it
articulates at an oblique angle at the manubriosternal joint (the angle of
Louis) with the body of the sternum (placed opposite T5-T8). This is com-
posed of four parts or ‘sternebrae’, which fuse between puberty and
25 years of age. Its lateral border is notched to receive part of the 2nd and
the 3rd to the 7th costal cartilages. The xiphoid process is the smallest
part of the sternum and usually remains cartilaginous well into adult life.
The cartilaginous manubriosternal joint and that between the xiphoid
and the body of the sternum may also become ossified after the age of 30.

CLINICAL FEATURES

1 The attachment of the elastic costal cartilages largely protects the ster-
num from injury, but indirect violence accompanying fracture disloca-
tion of the thoracic spine may be associated with a sternal fracture. Direct
violence to the sternum may lead to displacement of the relatively mobile
body of the sternum backwards from the relatively fixed manubrium.

2 Inasternal puncture a wide-bore needle is pushed through the thin layer
of cortical bone covering the sternum into the highly vascular spongy
bone beneath, and a specimen of bone marrow aspirated with a syringe.

3 In operations on the thymus gland, and occasionally for a retrosternal
goitre, it is necessary to split the manubrium in the midline in order to
gain access to the superior mediastinum. A complete vertical split of the
whole sternum is one of the standard approaches to the heart and great
vessels used in modern cardiac surgery.
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The intercostal spaces

There are slight variations between the different intercostal spaces, but typi-

cally each space contains three muscles, comparable to those of the abdomi-

nal wall, and an associated neurovascular bundle (Fig. 8). The muscles are:

1 the external intercostal, the fibres of which pass downwards and forwards
from the rib above to the rib below and reach from the vertebrae behind
to the costochondral junction in front, where muscle is replaced by the
anterior intercostal membrane;

Vein
Artery ( Intercostal
Nerve

External
Internal Intercostal muscles
Innermost

Fig. 8 (a) The
relationship of an
intercostal space. (Note
that a needle passed into
the chest immediately
above a rib will avoid the
neurovascular bundle.)
(b) Steps in the insertion
of a chest drain. (i) Local
anaesthetic is infiltrated
into an intercostal space.
(ii) Incision followed by
blunt dissection allows
access to the pleura.

(iii) A finger is passed
through the incision to
clear the lung away. (iv)
A chest tube is passed
into the pleural cavity.
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2 the internal intercostal, which runs downwards and backwards from the
sternum to the angles of the ribs where it becomes the posterior intercostal
membrane;

3 the innermost intercostal, which is only incompletely separated from the
internal intercostal muscle by the neurovascular bundle. The fibres of
this sheet cross more than one intercostal space and it may be incom-
plete. Anteriorly it has a more distinct portion that is fan-like in shape,
termed the transversus thoracis (or sternocostalis), which spreads
upwards from the posterior aspect of the lower sternum to insert onto
the inner surfaces of the 2nd to the 6th costal cartilages.

Just as in the abdomen, the nerves and vessels of the thoracic wall lie
between the middle and innermost layers of muscles. This neurovascular bun-
dle consists, from above downwards, of vein, artery and nerve, the vein lying
in a groove on the undersurface of the corresponding rib (remember: v,an).

The vessels comprise the posterior and anterior intercostal arteries
and veins.

The posterior intercostal arteries of the lower nine spaces are direct
branches of the descending thoracic aorta, while the first two are derived
from the superior intercostal branch of the costocervical trunk, the only
branch of the second part of the subclavian artery. Each runs forward in the
subcostal groove to anastomose with the anterior intercostal artery. Each
has a number of branches to adjacent muscles, to the skin and to the spinal
cord. The corresponding veins are mostly tributaries of the azygos and
hemiazygos veins. The first posterior intercostal vein drains into the bra-
chiocephalic or vertebral vein. On the left, the 2nd and 3rd veins often join
to form a superior intercostal vein, which crosses the aortic arch to drain
into the left brachiocephalic vein.

The anterior intercostal arteries are branches of the internal thoracic artery
(Ist-6th space) or of its musculophrenic branch (7th-9th spaces). The low-
est two spaces have only posterior arteries. Perforating branches pierce the
upper five or six intercostal spaces; those of the 2nd—4th spaces are large in
the female and supply the breast.

The intercostal nerves are the anterior primary rami of the thoracic nerves,
each of which gives off a collateral muscular branch and lateral and ante-
rior cutaneous branches for the innervation of the thoracic and abdominal
walls (Fig. 9).

CLINICAL FEATURES

1 Local irritation of the intercostal nerves by such conditions as Pott’s dis-
ease of the thoracic vertebrae (tuberculosis) may give rise to pain that is
referred to the front of the chest or abdomen in the region of the periph-
eral termination of the nerves.

2 Local anaesthesia of an intercostal space is easily produced by infiltration
around the intercostal nerve trunk and its collateral branch —a procedure
known as intercostal nerve block.
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3 Insertion of an emergency chest drain, for example for a traumatic
haemo-pneumothorax, is performed through the 5th intercostal space in
the midaxillary line. Under local anaesthetic, an incision is made through
the skin and subcutaneous tissue. The rest of the procedure is carried out
by blunt dissection over the upper edge of the lower rib. In this way,
injury to the intercostal bundle in the subcostal groove is avoided
(Fig. 8a). A finger is passed into the pleural space to ensure that there are
no lung adhesions in the vicinity and to confirm that the pleural cavity is
entered. A chest tube is then placed into the pleural space, connected to
an underwater drain and firmly sutured in place (Fig. 8b).

4 In a conventional posterolateral thoracotomy (e.g. for a pulmonary
lobectomy) an incision is made along the line of the 5th or 6th rib; the
periosteum over a segment of the rib is elevated, thus protecting the neu-
rovascular bundle, and the rib is excised. Access to the lung or mediasti-
num is then gained though the intercostal space, which can be opened
out considerably owing to the elasticity of the thoracic cage.

The diaphragm

The diaphragm is the dome-shaped septum dividing the thoracic from the
abdominal cavity. It is present only in mammals. It comprises two por-
tions: a peripheral muscular part that arises from the margins of the infe-
rior aperture of the thoracic cage (termed by anatomists as the ‘thoracic
outlet’) and a centrally placed aponeurosis (Fig. 10).
The muscular fibres are arranged in three parts:
1 A vertebral part from the crura and from the arcuate ligaments. The
right crus arises from the front of the bodies of the upper three lumbar

Posterior primary
ramus

Anterior primary
ramus

Lateral
cutaneous
branch

Anterior
cutaneous
branch

Fig. 9 Diagram of a typical spinal nerve and its relationship to the body wall.
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vertebrae and intervertebral discs; the left crus is attached to only the first

two vertebrae. The arcuate ligaments are a series of fibrous arches, the

medial being a thickening of the fascia covering psoas major and the
lateral of the fascia overlying quadratus lumborum. The tendinous
medial borders of the two crura join each other in front of the aorta to
form the median arcuate ligament.

2 A costal part is attached to the inner aspect of the lower six ribs and their
costal cartilages.

3 A sternal portion consists of two small slips from the deep surface of the
xiphisternum.

The central tendon, into which the muscular fibres are inserted, is trefoil
in shape and is partially fused with the undersurface of the pericardium.

The diaphragm receives its entire motor supply from the phrenic
nerve (C3, C4, C5), whose long course from the neck follows the embry-
ological migration of the muscle of the diaphragm from the cervical
region (see ‘The development of the diaphragm and the anatomy of dia-
phragmatic herniae’). Injury or operative transection of this nerve results
in paralysis and permanent elevation of the ipsilateral half of the
diaphragm.

Radiographically, paralysis of the diaphragm is recognized by its eleva-
tion and paradoxical movement; instead of descending on inspiration, it is
forced upwards by pressure from the abdominal viscera.

The sensory nerve fibres from the central part of the diaphragm also run
in the phrenic nerve; hence, irritation of the diaphragmatic pleura (in pleu-
risy) or of the peritoneum on the undersurface of the diaphragm by sub-
phrenic collections of pus or blood produces referred pain in the
corresponding cutaneous area, the shoulder-tip.

The peripheral part of the diaphragm, including the crura, receives sen-
sory (proprioceptive) fibres from the lower intercostal nerves.

Openings in the diaphragm

The three main openings in the diaphragm (Figs 10, 11) are:

1 The aortic (at the level of T12), which transmits the abdominal aorta, the
thoracic duct and often the azygos vein. The aortic opening lies in the
midline.

2 The oesophageal (T10), which is situated within the muscular fibres
of the left and right crura of the diaphragm and transmits, in addition
to the oesophagus, branches of the left gastric artery and vein and the
two vagi. The oesophageal opening lies slightly to the left of the
midline.

3 The opening for the inferior vena cava (T8), which is situated in the central
tendon and also transmits the right phrenic nerve. The vena caval open-
ing lies slightly to the right of the midline.

In addition to these structures, the greater and lesser splanchnic nerves
(see page 52) pierce the crura and the sympathetic chain passes behind the
diaphragm deep to the medial arcuate ligament to reach the posterior
abdominal wall.



Fig. 11 Schematic lateral

view of the diaphragm to

show the levels at which
it is pierced by major
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The development of the diaphragm and the anatomy
of diaphragmatic herniae

The diaphragm is formed (Fig. 12) by fusion in the embryo of:

1 the septum transversum (forming the central tendon);

2 the dorsal oesophageal mesentery;

3 a peripheral rim derived from the body wall;

4 the pleuroperitoneal membranes, which close the fetal communication
between the pleural and peritoneal cavities.

The septum transversum is the mesoderm which, in early development,
lies in front of the head end of the embryo. With the folding off of the head,
this mesodermal mass is carried ventrally and caudally, to lie in its defini-
tive position at the anterior part of the diaphragm. During this migration,
the cervical myotomes and nerves contribute muscle and nerve supply
respectively, thus accounting for the long course of the phrenic nerve (C3,
C4 and C5) from the neck to the diaphragm.

With such a complex embryological story, one may be surprised to know
that congenital abnormalities of the diaphragm are unusual.

However, a number of defects can occur, giving rise to a variety of con-
genital herniae through the diaphragm. These may be:

1 through the foramen of Morgagni — anteriorly between the xiphoid and
costal origins;

2 through the foramen of Bochdalek — the pleuroperitoneal canal - lying
posteriorly;
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Fig. 12 The development of the diaphragm, showing the four elements contributing
to the diaphragm — (1) the septum transversum, (2) the dorsal mesentery of the
oesophagus, (3) the body wall and (4) the pleuroperitoneal membrane.

—— Peritoneum

(a) 'Sliding hernia' (b) 'Rolling hernia'
Fig. 13 (a) A sliding hiatus hernia. (b) A rolling hiatus hernia.

3 through a deficiency of the whole central tendon (occasionally such a
hernia may be traumatic in origin);
4 through a congenitally large oesophageal hiatus.

Far more common are the acquired hiatus herniae (subdivided into slid-
ing and rolling herniae). These are found in patients usually of middle age
in whom weakening and widening of the oesophageal hiatus has occurred
(Fig. 13).

In the sliding hernia the upper stomach and lower oesophagus slide
upwards into the chest through the lax hiatus when the patient lies down
or bends over; the competence of the cardia is often disturbed and peptic
juice can therefore regurgitate into the gullet in lying down or bending
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over. This may be followed by oesophagitis with consequent heartburn,
bleeding and, eventually, stricture formation.

In the rolling hernia (which is far less common) the cardia remains in its
normal position and the cardio-oesophageal junction is intact, but the fun-
dus of the stomach rolls up through the hiatus in front of the oesophagus;
hence, the alternative term of para-oesophageal hernia. In such a case there
may be epigastric discomfort, flatulence and even dysphagia, but no regur-
gitation because the cardiac mechanism is undisturbed.

The movements of respiration

During inspiration the movements of the chest wall and diaphragm result
in an increase in all diameters of the thorax. This, in turn, brings about an
increase in the negative intrapleural pressure and an expansion of the lung
tissue. Conversely, in expiration the relaxation of the respiratory muscles
and the elastic recoil of the lung reduce the thoracic capacity and force air
out of the lungs.

Quiet inspiration is brought about almost entirely by active contraction
of the diaphragm with very little chest movement. Confirm this on your-
self; your hands on your chest will show minimal movement as you
breathe quietly. As respiratory movement grows deeper, the contraction
of the intercostal muscles raises the ribs. The first rib remains relatively
stationary, ribs 2-6 principally increase the anteroposterior diameter of
the thorax (the pump handle movement), while the corresponding action
of the lower ribs is to increase the transverse diameter of the thoracic
cage (the bucket handle movement). Again, confirm this on your own
chest during deep inspiration. In progressively deeper inspiration, more
and more of the diaphragmatic musculature is called into play. On radio-
graphic screening of the chest, the diaphragm will be seen to move
approximately 2.5cm (lin) in quiet inspiration and up to 6-10cm
(2.5-4in) on deep inspiration.

Normal quiet expiration is brought about by elastic recoil of the elevated
ribs and passive relaxation of the contracted diaphragm. In deeper expira-
tion, the abdominal muscles have an important part to play — they contract
vigorously, compress the abdominal viscera, raise the intra-abdominal
pressure and force the relaxed diaphragm upwards. Indeed, diaphrag-
matic movement accounts for approximately 65% of air exchange whereas
chest movement accounts for the remaining 35%.

In deep and forced inspiration, additional ‘accessory muscles of respira-
tion” are called into play. These are the muscles attached to the thorax that
are normally used in movements of the arms and the head. Watch an athlete
at the end of a run, or observe a severely dyspnoeic patient — he grips his
thighs or the table to keep his arms still, holds his head stiffly and uses pec-
toralis major, serratus anterior, latissimus dorsi and sternocleidomastoid to
act ‘from insertions to origins’ to increase the capacity of the thorax. Observe
also that the woman in advanced pregnancy has her diaphragm elevated
and splinted by the enlarged fetus — she relies on chest movements in respi-
ration even when she is resting quietly as she sits in the antenatal clinic.
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The pleurae

The two pleural cavities are totally separate from each other (Fig. 2). Each
pleura consists of two layers: a visceral layer intimately related to the surface of
the lung, and a parietal layer lining the inner aspect of the chest wall, the upper
surface of the diaphragm and the sides of the pericardium and mediastinum.
The visceral layer is firmly attached to the underlying lung. In contrast, the
parietal pleura is separated from its overlying structures by a loose, thin layer
of connective tissue, the extrapleural fascia, which enables the surgeon to
strip the parietal pleura easily from the chest wall. The two layers are continu-
ous in front and behind the root of the lung, but below this the pleura hangs
down in a loose fold, the pulmonary ligament, which forms a ‘dead space’ for
distension of the pulmonary veins. The surface markings of the pleura and
lungs have already been described in the section on surface anatomy.

Notice that the lungs do not occupy all the available space in the pleural
cavity, even in forced inspiration.

CLINICAL FEATURES

1 Normally the two pleural layers are in close apposition and the space
between them is only a potential one. It may, however, fill with air (pneu-
mothorax), blood (haemothorax) or pus (empyema).

2 Since the parietal pleura is segmentally innervated by the intercostal
nerves, inflammation of the pleura results in pain referred to the cutane-
ous distribution of these nerves (i.e. to the thoracic wall or, in the case of
the lower nerves, to the anterior abdominal wall, which may mimic an
acute abdominal emergency).

The lower respiratory tract

The trachea (Figs 14, 15)

The trachea is approximately 11.5cm (4.5in) in length and nearly 2.5cm
(1in) in diameter. It commences at the lower border of the cricoid cartilage
(C6) and terminates by bifurcating at the level of the sternal angle of Louis
(T4/5) to form the right and left main bronchi. (In the living subject, the
level of bifurcation varies slightly with the phase of respiration; in deep
inspiration it descends to T6 and in expiration it rises to T4.)

Relations

Lying partly in the neck and partly in the thorax (superior mediastinum),
its relations are as follows.

Cervical

e Anteriorly — the isthmus of the thyroid gland, inferior thyroid veins,
sternohyoid and sternothyroid muscles.
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Fig. 14 The trachea and its anterior relationships.
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Fig. 15 The trachea and main bronchi viewed from the front.
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Fig. 16 The cervical part of the trachea and its environs in transverse section
(through the 6th cervical vertebra) (viewed from below).

e Laterally — the lobes of the thyroid gland and the common carotid artery
lying on either side.

e Posteriorly — the oesophagus with the recurrent laryngeal nerve lying in
the groove between the oesophagus and trachea (Fig. 16).

Thoracic

* Anteriorly — commencement of the brachiocephalic artery and left
carotid artery, both arising from the arch of the aorta, the left brachioce-
phalic vein and the thymus.

e Posteriorly — oesophagus and left recurrent laryngeal nerve.

e To the left — arch of the aorta, left common carotid and left subclavian
arteries, left recurrent laryngeal nerve and pleura.

¢ To the right — vagus, azygos vein and pleura (Fig. 17).

Structure

The patency of the trachea is maintained by a series of 15-20 U-shaped
cartilages. Posteriorly, where the cartilage is deficient, the trachea is flat-
tened and its wall completed by fibrous tissue and a sheet of smooth mus-
cle (the trachealis). Within, it is lined by a ciliated columnar epithelium
with many goblet cells.
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Fig. 17 (a) The thoracic part of the trachea and its environs in transverse section
(through the 4th thoracic vertebra) (viewed from below). (b) CT scan (axial view)
of the superior mediastinum at a level corresponding to that in (a).
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CLINICAL FEATURES

Radiology

Since it contains air, the trachea is more radiolucent than the neighbouring
structures and is seen in posteroanterior and lateral radiographs as a dark
area passing downwards, backwards and slightly to the right. In the elderly,
calcification of the tracheal rings may be a source of radiological confusion.

Displacement

The trachea may be compressed or displaced by pathological enlargement
of the neighbouring structures, particularly the thyroid gland and the arch
of the aorta.

“Tracheal tug’

The intimate relationship between the arch of the aorta and the trachea and
left bronchus is responsible for the physical sign known as ‘tracheal tug’,
characteristic of aneurysms of the aortic arch.

Tracheostomy

Tracheostomy may be required for laryngeal obstruction (diphtheria,
tumours, inhaled foreign bodies), for the evacuation of excessive secretions
(severe postoperative chest infection in a patient who is too weak to cough
adequately) and for long-continued artificial respiration (poliomyelitis,
severe chest injuries). It is important to note that respiration is further
assisted by considerable reduction of the dead-space air.

The neck is extended and the head held exactly in the midline by an assis-
tant. A vertical incision is made downwards from the cricoid cartilage, passing
between the anterior jugular veins. Alternatively, a more cosmetic transverse
skin crease incision, placed halfway between the cricoid and suprasternal
notch, is employed. A hook is thrust under the lower border of the cricoid to
steady the trachea and pull it forwards. The pretracheal fascia is split longitu-
dinally, the isthmus of the thyroid either pushed upwards or divided between
clamps and the cartilage of the trachea clearly exposed. A circular opening is
then made into the trachea to admit the tracheostomy tube.

In children the neck is relatively short and the left brachiocephalic vein
may come up above the suprasternal notch so that dissection is rather more
difficult and dangerous. This difficulty is made greater because the child’s
trachea is softer and more mobile than the adult’s and is, therefore, not so
readily identified and isolated. Its softness means that care must be taken,
in incising the child’s trachea, not to let the scalpel plunge through and
damage the underlying oesophagus.

In contrast, the trachea may be ossified in the elderly and small bone
shears may be required to open into it.

The golden rule of tracheostomy — based entirely on anatomical consid-
erations — is stick exactly to the midline. If this is not done, major vessels are
injeopardy and it is possible, although the student may not credit it, to miss
the trachea entirely.

Cricothyroid puncture is now frequently used in the treatment of emer-
gency upper respiratory obstruction (see page 305 and Fig. 205).
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The bronchi (rig. 15)

The right main bronchus is wider, shorter and more vertical than the left. It
is approximately 2.5cm (1in) long and passes directly to the root of the
lung at the level of T5 vertebra. Before joining the lung it gives off its upper
lobe branch, and then passes below the pulmonary artery to enter the hilum
of the lung. It has two important relations: the azygos vein, which arches
over it from behind to reach the superior vena cava, and the pulmonary
artery, which lies first below and then anterior to it.

The left main bronchus is nearly 5cm (2in) long and passes downwards
and outwards below the arch of the aorta, in front of the oesophagus and
descending aorta. Unlike the right, it gives off no branches until it enters
the hilum of the lung, which it reaches opposite T6. The pulmonary artery
spirals over the bronchus, lying first anteriorly and then above it.

CLINICAL FEATURES

1 The greater width and more vertical course of the right bronchus accounts
for the greater tendency for foreign bodies and aspirated material to pass
into the right bronchus (and thence especially into the middle and lower
lobes of the right lung) rather than into the left. Note that this also applies
to an endotracheal tube which, if too long for the size of the patient, will
be pushed down into the right main bronchus. This must be kept in mind
particularly when intubating a baby or child.

2 The inner aspect of the whole of the trachea, the main and lobar bronchi
and the commencement of the first segmental divisions can be seen at
bronchoscopy.

3 Widening and distortion of the angle between the bronchi (the carina) as
seen at bronchoscopy is a serious prognostic sign, since it usually indi-
cates carcinomatous involvement of the tracheobronchial lymph nodes
around the bifurcation of the trachea.

The lungs (Figs 18, 19)

Each lung is conical in shape, having a blunt apex that reaches above the
sternal end of the 1st rib, a concave base overlying the diaphragm, an
extensive costovertebral surface moulded to the form of the chest wall and
a mediastinal surface that is concave to accommodate the pericardium.

The right lung is somewhat shorter in height than the left; this is because
it is pushed upwards by the higher right dome of the diaphragm, itself
pushed up by the underlying liver. However, although shorter than the
left, the right lung is actually the bulkier and heavier of the two because the
size of the left lung is reduced by the considerable indentation on its medial
aspect produced by the heart.

The right lung is divided into three lobes — the upper, middle and
lower — by the oblique and horizontal fissures. The left lung has only an
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Fig. 18 The lungs, lateral aspects.

Right Upper lobe Left
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oblique fissure and hence only two lobes — an upper and a lower. There

appears to be no physiological advantage in the fact that the lungs are

lobed. However, the lobes are of considerable interest:

1 ‘lobar pneumonia’, caused by Pneumococcus, affects an individual lobe;

2 a plug of mucus, tumour or an inhaled foreign body may block an indi-
vidual lobar bronchus and produce a lobar collapse, as residual air in the
occluded lobe is gradually and progressively absorbed;

Fig. 19 The lungs,
anterior aspects.
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3 as each lobe possesses its own bronchus and blood supply, the surgeon
can perform a lobectomy in suitable cases.

Study Figs 2, 3 and also Figs 18, 19 and note an important error in current
terminology: the so-called “upper lobe’ on each side is actually anterosupe-
rior and the ‘lower lobe’ is more accurately described as being posteroinfe-
rior! When you examine the front of a patient’s chest, you are listening, on
the left side, almost exclusively to the upper lobe of the lung. On the right
side, you are examining the upper lobe down to the level of the 4th inter-
costal space, and, below that, the middle lobe. Only a negligible part of the
lower lobe can be assessed from the front. To examine the lower lobe of a
patient — the common site for postoperative pulmonary collapse, for
example — the posterior aspect of the chest must be examined, from the 3rd
intercostal space downwards. Note also that a stab wound through the
back of the chest, going through the 4th intercostal space, is likely to injure
the lower, not upper, lobe!

Blood supply

Mixed venous blood is returned to the lungs by the pulmonary arteries; the
air passages are themselves supplied by the bronchial arteries, which are
small branches of the descending thoracic aorta. The bronchial arteries,
although small, are of great clinical importance. They maintain the blood
supply to the lung parenchyma after pulmonary embolism, so that, if the
patient recovers, lung function returns to normal.

The superior and inferior pulmonary veins return oxygenated blood to the
left atrium, while the bronchial veins drain into the azygos system.

Lymphatic drainage

The lymphatics of the lung drain centripetally from the pleura towards the
hilum. From the bronchopulmonary lymph nodes in the hilum, efferent lymph
channels pass to the tracheobronchial nodes at the bifurcation of the trachea,
thence to the paratracheal nodes and the mediastinal lymph trunks to drain
usually directly into the brachiocephalic veins or, rarely, indirectly via the
thoracic or right lymphatic duct.

Nerve supply

The innervation of the lung is via the pulmonary plexus at its hilum. This
conveys sympathetic (T2-T5 or T6) and parasympathetic (vagal, X) fibres.
The sympathetic fibres are bronchodilator to the bronchial muscles — hence
the use of sympathomimetic drugs in asthma. The vagal fibres carry signals
from stretch receptors in the lungs and provide secretomotor fibres to the
mucous glands.

The bronchopulmonary segments
of the lungs (Figs 20, 21)

A knowledge of the finer arrangement of the bronchial tree is an essential
prerequisite to intelligent appreciation of lung radiology, to interpretation
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of bronchoscopic findings and to the surgical resection of lung segments.
Each lobe of the lung is subdivided into a number of bronchopulmonary
segments, each of which is supplied by a segmental bronchus, artery and
vein. These segments are wedge-shaped with their apices at the hilum and
bases at the lung surface; if excised accurately along their boundaries
(which are marked by intersegmental veins), there is little bleeding or alve-
olar air leakage from the raw lung surface.

The names and arrangements of the bronchi are given in Table 1; each
bronchopulmonary segment takes its title from that of its supplying seg-
mental bronchus (listed in the right-hand column of the table).

Fig. 20 The named
divisions of the main
bronchi.
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(Lateral aspect)

(Lateral aspect) (Medial aspect)
Fig. 21 (a) The segments of the right lung. (b) The segments of the left lung.

The left upper lobe has a lingular segment, supplied by the lingular bron-
chus from the main upper lobe bronchus. This segment is equivalent to the
right middle lobe, whose bronchus arises as a branch from the main bron-
chus. Apart from this, differences between the two sides are very slight; on
the left, the upper lobe bronchus gives off a combined apicoposterior seg-
mental bronchus and an anterior branch, whereas all three branches are
separate on the right side.
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Table 1 The named divisions of the main bronchi

Apical
(" Upper lobe bronchus { Posterior
Anterior
Right main bronchus < Middle lobe bronchus Iﬁ;iﬁz}
Medial basal
Apical Anterior basal
\. Lower lobe bronchus Basal Lateral basal
Posterior basal
Apicoposterior
-
Upper loble bronchus Anterior
Left main bronchus < Lingular bronchus Supe}‘lor
Inferior

Apical Anterior
\_ Lower lobe bronchus pical _ Lateral
Basal P .

osterior

On the right also there is a small medial (or cardiac) lower lobe bronchus
that is absent on the left, the lower lobes being otherwise mirror images of
each other.

The mediastinum

The mediastinum is defined as ‘the space which is sandwiched between
the two pleural sacs’. For descriptive purposes the mediastinum is divided
by a line drawn horizontally from the sternal angle to the lower border of
T4 (angle of Louis) into the superior and inferior mediastinum. The infe-
rior mediastinum is further subdivided into the anterior mediastinum
(in front of the fibrous pericardium), a middle mediastinum containing
the pericardium itself with the heart and great vessels, and the posterior
mediastinum between the pericardium and the lower eight thoracic
vertebrae (Fig. 22).

The pericardium

The heart and the roots of the great vessels are contained within the conical
fibrous pericardium, the apex of which is fused with the adventitia of the
great vessels and the base with the central tendon of the diaphragm.
Anteriorly it is related to the body of the sternum, to which it is attached by
the sternopericardial ligaments, the 3rd-6th costal cartilages and the ante-
rior borders of the lungs. Posteriorly, it is related to the oesophagus,
descending aorta and vertebra T5-T8, and on either side to the roots of the
lungs, the mediastinal pleura and the phrenic nerves.

The pericardial cavity is the potential space between the visceral and
parietal layers of the pericardium. Just like the pleural and peritoneal cavi-
ties, it is lubricated by a film of serous fluid. Following trauma it may fill
with blood (haemopericardium).
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Fig. 22 The subdivisions of the mediastinum.

The inner aspect of the fibrous pericardium is lined by the parietal layer of
serous pericardium. This, in turn, is reflected around the roots of the great
vessels to become continuous with the visceral layer or epicardium. The lines
of pericardial reflexion are marked on the posterior surface of the heart
(Fig. 23) by the oblique sinus, bounded by the inferior vena cava and the
four pulmonary veins, which form a recess between the left atrium and the
pericardium, and the transverse sinus between the superior vena cava and
left atrium behind and the pulmonary trunk and aorta in front.

The heart (Fig. 24)

Its great importance means no excuse need be offered for dealing with the
heart in considerable detail.

The heart is irregularly conical in shape, and it is placed obliquely in the
middle mediastinum. Viewed from the front, portions of all the heart
chambers can be seen. The right border is formed entirely by the right
atrium, the left border partly by the auricular appendage of the left atrium
but mainly by the left ventricle, and the inferior border chiefly by the right
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Fig. 23 The transverse and oblique sinuses of the pericardium. The heart has been
removed from the pericardial sac, which is seen in anterior view.

ventricle but also by the lower part of the right atrium and the apex of the
left ventricle.

The bulk of the anterior surface is formed by the right ventricle, which is
separated from the right atrium by the vertical atrioventricular groove and
from the left ventricle by the anterior interventricular groove.

The inferior or diaphragmatic surface consists of the right and left ventri-
cles separated by the posterior interventricular groove and the portion of
the right atrium that receives the inferior vena cava.

The base or posterior surface is quadrilateral in shape and is formed
mainly by the left atrium with the openings of the pulmonary veins and, to
a lesser extent, by the right atrium.

Chambers of the heart
Right atrium (Fig. 25a)

The right atrium receives the superior vena cava in its upper and posterior
part, the inferior vena cava and coronary sinus in its lower part, and the
anterior cardiac vein (draining much of the front of the heart) anteriorly.
Running more or less vertically downwards between the venae cavae is a
distinct muscular ridge, the crista terminalis (indicated on the outer surface
of the atrium by a shallow groove — the sulcus terminalis). This ridge sepa-
rates the smooth-walled posterior part of the atrium, derived from the
sinus venosus, from the rough-walled anterior portion which is prolonged
into the auricular appendage and which is derived from the true fetal atrium
(see page 39).
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Fig. 24 The heart - (a) anterior and (b) posterior aspects.
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Fig. 25 (a) The interior of the right atrium and ventricle. (b) The conducting system
of the heart. LA, left atrium; RA, right atrium.

The trabeculations in the rough-walled part of the atrium are produced
by parallel columns of muscle termed musculi pectinati (pectinate muscles);
‘pectinate’ comes from the Latin for ‘like a comb’. The same term applies to
the columns of muscle seen in the auricular appendage of the left atrium.

The openings of the inferior vena cava and the coronary sinus are
guarded by rudimentary valves; that of the inferior vena cava being con-
tinuous with the annulus ovalis around the shallow depression on the atrial
septum, the fossa ovalis, which marks the site of the fetal foramen ovale.
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Right ventricle (Fig. 25)

The right ventricle is joined to the right atrium by way of the vertically
disposed tricuspid valve, and with the pulmonary trunk through the pul-
monary valve. A muscular ridge, the infundibuloventricular crest, between
the atrioventricular and pulmonary orifices, separates the ‘inflow” and
‘outflow’ tracts of the ventricle. The inner aspect of the inflow tract path is
marked in the presence of a number of irregular muscular elevations (fra-
beculae carneae), from some of which the papillary muscles project into the
lumen of the ventricle and find attachment to the free borders of the cusps
of the tricuspid valve by way of the chordae tendineae.

When the ventricle contracts in systole, the papillary muscles shorten,
the chordae tendineae are pulled upon and the tricuspid valve is prevented
from prolapsing into the right atrium. (The same mechanism, of course,
takes place with the mitral valve of the left ventricle.) Rupture of a papil-
lary muscle, following an adjacent myocardial infarction, will allow pro-
lapse of the affected cusp to occur into the atrium at each systole, with
consequent acute cardiac failure.

The moderator band is a muscular bundle crossing the ventricular cavity
from the interventricular septum to the anterior wall and is of some impor-
tance since it conveys the right branch of the atrioventricular bundle to the
ventricular muscle.

The outflow tract of the ventricle or infundibulum is smooth-walled and
is directed upwards and to the right towards the pulmonary trunk. The
pulmonary orifice is guarded by the pulmonary valves, comprising three
semilunar cusps.

Left atrium

The left atrium is rather smaller than the right but has somewhat thicker
walls. On the upper part of its posterior wall it presents the openings of the
four pulmonary veins, and on its septal surface there is a shallow depres-
sion corresponding to the fossa ovalis of the right atrium. As on the right
side, the main part of the cavity is smooth-walled but the surface of the
auricle is marked by a number of ridges due to the underlying pectinate
muscles.

Left ventricle (Fig. 26)

The left ventricle communicates with the left atrium by way of the mitral
valve (so-called because it vaguely resembles a bishop’s mitre), which pos-
sesses a large anterior and a smaller posterior cusp attached to papillary
muscles by chordae tendineae. With the exception of the fibrous vestibule
immediately below the aortic orifice, the wall of the left ventricle is marked
by thick trabeculae carneae.

The term ‘cusps’ applied to the tricuspid and mitral valves is somewhat
misleading. It suggests that, as in the aortic and pulmonary valves, these
are individual structures and separate from each other (Fig. 26). In fact, the
tricuspid and mitral valves can be compared to circular curtains that hang
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Fig. 26 The interior of the left ventricle. AO, aorta; RV, right ventricle.

down from each atrioventricular orifice, and that descend into the lumen
of the ventricle with three drapes on the right side and two drapes on the
left, held in place by chordae tendineae.

The aortic orifice is guarded by the three semilunar cusps of the aortic
valve, immediately above which are the dilated aortic sinuses. The mouths
of the right and left coronary arteries are seen in the anterior and left pos-
terior sinus, respectively. In diastole, blood refluxing into the aortic sinuses
sets up turbulent flow, which helps to close the valve. The same mecha-
nism applies to the pulmonary valve. In addition, on the left, blood refluxes
in diastole into the two coronary artery ostia, placed within the sinuses, so
that cardiac perfusion takes place in the ventricular diastolic phase of the
cardiac cycle. This is an ingenious piece of engineering, since, in the
absence of this arrangement, it would be almost impossible for ventricular
cardiac muscle perfusion to take place when this muscle is firmly con-
tracted in systole.

The conducting system of the heart (Fig. 25b)

This consists of specialized cardiac muscle found in the sinuatrial node
and in the atrioventricular node and bundle. The heart beat is initiated in
the sinus (or sinuatrial) node (the “‘pacemaker of the heart’), situated in the
upper part of the crista terminalis just to the right of the opening of the
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superior vena cava into the right atrium. From there the cardiac impulse
spreads throughout the atrial musculature to reach the atrioventricular node
lying in the atrial septum immediately above the opening of the coronary
sinus. The impulse is then conducted to the ventricles by way of the spe-
cialized tissue of the atrioventricular bundle (of His). This bundle divides at
the junction of the membranous and muscular parts of the interventricular
septum into its right and left branches, which run immediately beneath the
endocardium to activate all parts of the ventricular musculature. The bun-
dle of His is made up of specialized large, pale, striated muscle fibres (the
cells of Purkinje).

The blood supply to the heart (Fig. 27)

The heart’s blood supply is derived from the right and left coronary
arteries, whose main branches lie in each of the interventricular and
atrioventricular grooves.

The right coronary artery arises from the anterior aortic sinus and passes
forwards between the pulmonary trunk and the right atrium to descend in
the right part of the atrioventricular groove. At the inferior border of the
heart it continues along the atrioventricular groove to anastomose with the
left coronary artery at the posterior interventricular groove. It gives off a
marginal branch along the lower border of the heart and the posterior inter-
ventricular branch which runs forwards in the interventricular groove on
the surface of the heart to anastomose near the apex of the heart with the
corresponding branch of the left coronary artery.

The left coronary artery, which is larger than the right, arises from the
left posterior aortic sinus. Passing first behind and then to the left of the
pulmonary trunk, it reaches the left part of the atrioventricular groove, in
which it runs laterally round the left border of the heart as the circumflex
artery to reach the posterior interventricular groove. Its most important
branch, given off less than 2.5cm (1in) from its origin, is the anterior
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interventricular artery, which supplies the anterior aspect of both ventricles
and passes around the apex of the heart to anastomose with the posterior
interventricular branch of the right coronary artery. Note that the
sinuatrial node is usually supplied by the right coronary artery, although
the left coronary artery takes over this duty in approximately one-third
of subjects.

Although anastomoses occur between the terminations of the right and
left coronary arteries, these are usually inefficient. Thrombosis in one or
other of these vessels leads to death of the area of heart muscle supplied
(a myocardial infarction).

The venous drainage of the heart (Fig. 28)

The bulk of the venous drainage of the heart is achieved by veins that
accompany the coronary arteries and that open into the right atrium. The
rest of the blood drains by means of small veins (venae cordis minimae)
directly into the cardiac cavity.

The coronary sinus lies in the posterior atrioventricular groove and
opens into the right atrium just to the left of the mouth of the inferior
vena cava.

It receives:

1 the great cardiac vein in the anterior interventricular groove;

2 the middle cardiac vein in the inferior interventricular groove;

3 the small cardiac vein — accompanying the marginal artery along the
lower border of the heart;

4 the oblique vein — descends obliquely on the posterior aspect of the left
atrium.

The anterior cardiac veins (up to three or four in number) cross the ante-
rior atrioventricular groove, drain much of the anterior surface of the heart
and open directly into the right atrium.

Oblique cardiac vein - Great cardiac vein

Coronary sinus —
Anterior cardiac vein
Middle cardiac vein

-/~ Small cardiac vein

Fig. 28 The coronary veins. (Dotted vessels lie posteriorly.)
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Nerve supply

The nerve supply of the heart is derived from the vagus (parasympathetic
cardio-inhibitor) and the cervical and upper five thoracic sympathetic
ganglia (cardio-accelerator) by way of superficial and deep cardiac plex-
uses. Cardiac pain (as in coronary thrombosis) may be experienced cen-
trally in the chest but commonly may be referred to the neck (‘angina’),
left arm and epigastrium via T1 to TS5 sympathetic afferent nerves. (See
also page 423.)

The development of the heart

The primitive heart is a single tube which soon shows grooves demarcat-
ing the sinus venosus, atrium, ventricle and bulbus cordis from behind for-
wards. As this tube enlarges it kinks so that its caudal end, receiving
venous blood, comes to lie behind its cephalic end with its emerging arter-
ies (Fig. 29).

The sinus venosus later absorbs into the atrium and the bulbus becomes
incorporated into the ventricle so that, in the fully developed heart, the
atria and great veins come to lie posterior to the ventricles and the roots of
the great arteries.

The boundary tissue between the primitive single atrial cavity and sin-
gle ventricle grows out as a dorsal and a ventral endocardial cushion that meet
in the midline, thus dividing the common atrioventricular orifice into a
right (tricuspid) and left (mitral) orifice.

Bulbs cordis Ventricle Atrium
| ) X
| |

. . |
Truncus arteriosus Sinus venosus

Truncus arteriosus —

Bulbus cordis ——
—Sinus

Ventricle
— Atrium

Fig. 29 The coiling of the primitive heart tube into its definitive form.
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Fig. 30 The development of the chambers of the heart. (Note the septum primum
and septum secundum that form the interatrial septum, leaving the foramen ovale
as a valve-like opening passing between them.)

The division of the primitive atrium into two is a complicated process
but an important one in the understanding of congenital septal defects
(Fig. 30). A partition, the septum primum, grows downwards from the pos-
terior and superior walls of the primitive common atrium to fuse with the
endocardial cushions. Before fusion is complete, however, a hole appears
in the upper part of this septum which is termed the foramen secundum in
the septum primum.

A second membrane, the septum secundum, then develops to the right of
the primum but this is never complete; it has a free lower edge that does,
however, extend low enough for this new septum to overlap the foramen
secundum in the septum primum and hence to close it.

The two overlapping defects in the septa form the valve-like foramen
ovale, which shunts blood from the right to the left heart in the fetus (see
‘The fetal circulation’). After birth, this foramen usually becomes com-
pletely fused, leaving only the fossa ovalis on the septal wall of the right
atrium as its memorial. In approximately 10% of adult subjects, however, a
probe can still be insinuated through an anatomically patent, although
functionally sealed, foramen.

Division of the ventricle is commenced by the upgrowth of a fleshy septum
from the apex of the heart towards the endocardial cushions. This stops short
of dividing the ventricle completely and thus it has an upper free border,
forming a temporary interventricular foramen. At the same time, the single
truncus arteriosus is divided into the aorta and pulmonary trunk by a spiral
septum (hence the spiral relations of these two vessels), which grows down-
wards to the ventricle and fuses accurately with the upper free border of the
ventricular septum. This contributes the small pars membranacea septi, which
completes the separation of the ventricle in such a way that blood on the left
of the septum flows into the aorta and on the right into the pulmonary trunk.
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The primitive sinus venosus absorbs into the right atrium so that the
venae cavae draining into the sinus come to open separately into this
atrium. The smooth-walled part of the adult atrium represents the contri-
bution of the sinus venosus; the pectinate part represents the portion
derived from the primitive atrium and is termed the auricle or the auricular
appendage of the right atrium (Fig. 24a).

Rather similarly, the adult left atrium has a double origin. The original
single pulmonary venous trunk entering the left atrium becomes
absorbed into it, and donates the smooth-walled part of this chamber
with the pulmonary veins entering as four separate openings; the tra-
beculated part of the definitive left atrium is the remains of the original
atrial wall. This forms the auricle or the auricular appendage of the left
atrium (Fig. 24a).

The development of the aortic arches
and their derivatives (Fig. 31)

Emerging from the bulbus cordis is a common arterial trunk termed the
truncus arteriosus, from which arise six pairs of aortic arches, equivalent
to the arteries supplying the gill clefts of the fish. These arteries curve
dorsally around the pharynx on either side and join to form two longitudi-
nally placed dorsal aortae that fuse distally into the descending aorta.
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The 1st and 2nd arches disappear; the 3rd arches become the carotids.
The 4th arch on the right becomes the brachiocephalic and right subclavian
artery; on the left, it differentiates into the definitive aortic arch, gives off
the left subclavian artery and links up distally with the descending aorta.

The 5th arch artery is rudimentary and disappears.

When the truncus arteriosus splits longitudinally to form the ascending
aorta and pulmonary trunk, the 6th arch artery, unlike the others, remains
linked with the latter and forms the right and left pulmonary arteries. On
the left side this arch retains its connection with the dorsal aorta to form the
ductus arteriosus (the ligamentum arteriosum of adult anatomy).

This asymmetrical development of the aortic arches accounts for the
different course taken by the recurrent laryngeal nerve on each side. In
the early fetus the vagus nerve lies lateral to the primitive pharynx, sep-
arated from it by the aortic arches. What are to become the recurrent
laryngeal nerves pass medially, caudal to the aortic arches, to supply the
developing larynx. With elongation of the neck and caudal migration of
the heart, the recurrent nerves are caught up and dragged down by the
descending aortic arches. On the right side, the 5th arch and distal part
of the 6th arch become absorbed, leaving the nerve to hook round the
4th arch (i.e. the right subclavian artery). On the left side, the nerve
remains looped around the persisting distal part of the 6th arch (the liga-
mentum arteriosum), which is overlapped and dwarfed by the arch of
the aorta (Fig. 31).

The fetal circulation (Fig. 32)

The circulation of the blood in the embryo is a remarkable example of
economy in nature and results in the shunting of well-oxygenated blood
from the placenta to the brain and the heart, leaving relatively desaturated
blood for less essential structures.

Blood is returned from the placenta by the umbilical vein to the inferior
vena cava and thence the right atrium, most of it bypassing the liver in the
ductus venosus (see page 98). Relatively little mixing of oxygenated and
deoxygenated blood occurs in the right atrium since the valve overlying
the orifice of the inferior vena cava serves to direct the flow of oxygenated
blood from that vessel through the foramen ovale into the left atrium, while
the deoxygenated stream from the superior vena cava is directed through
the tricuspid valve into the right ventricle. From the left atrium the oxy-
genated blood (together with a small amount of deoxygenated blood from
the lungs) passes into the left ventricle and hence into the ascending aorta
for the supply of the brain and heart via the vertebral, carotid and coro-
nary arteries.

As the lungs of the fetus are inactive, most of the deoxygenated blood
from the right ventricle is short-circuited by way of the ductus arteriosus
from the pulmonary trunk into the descending aorta. This blood supplies
the abdominal viscera and the lower limbs and is shunted to the placenta,
for oxygenation, along the umbilical arteries arising from the internal iliac
arteries.
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Fig. 32 The fetal circulation. The red arrows denote oxygenated blood.

Umbilical arteries

At birth, expansion of the lungs leads to an increased blood flow in the
pulmonary arteries; the resulting pressure changes in the two atria bring
the overlapping septum primum and septum secundum into apposition,
which effectively closes off the foramen ovale. At the same time active con-
traction of the muscular wall of the ductus arteriosus results in a functional
closure of this arterial shunt and, in the course of the next 2-3 months, its
complete obliteration. Similarly, ligature of the umbilical cord is followed
by thrombosis and obliteration of the umbilical vessels.

The obliterated umbilical artery is represented by the medial umbilical
ligament, leading from the superior vesical branch of the internal iliac
artery on either side, across the deep aspect of the lower anterior abdomi-
nal wall to the umbilicus. The obliterated umbilical vein becomes the liga-
mentum teres, which runs in the free edge of the falciform ligament to the
liver (see Fig. 69).

Congenital abnormalities of the heart and great vessels

The complex development of the heart and major arteries accounts for the
multitude of congenital abnormalities that may affect these structures,
either alone or in combination.
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Dextrorotation of the heart means that this organ and its emerging vessels
lie as a mirror image to the normal anatomy. It may be associated with
reversal of all the intra-abdominal organs; one of the authors (H.E.) has
seen a student correctly diagnose acute appendicitis as the cause of a
patient’s severe left iliac fossa pain because he found that the apex beat of
the heart was on the right side!

Septal defects

At birth, the septum primum and septum secundum are forced together,
closing the flap valve of the foramen ovale. Fusion usually takes place
approximately 3 months after birth. In approximately 10% of subjects, this
fusion may be incomplete. However, the two septa overlap and this
patency of the foramen ovale is of no functional significance. If the septum
secundum is too short to cover the foramen secundum in the septum pri-
mum, an atrial septal defect persists after the septum primum and septum
secundum are pressed together at birth. This results in an ostium secundum
defect, which allows shunting of blood from the left to the right atrium. This
defect lies high up in the atrial wall and is relatively easy to close surgi-
cally. A more serious atrial septal defect results if the septum primum fails
to fuse with the endocardial cushions. This ostium primum defect lies imme-
diately above the atrioventricular boundary and may be associated with a
defect of the pars membranacea septi of the ventricular septum. In such a
case, the child is born with both an atrial and ventricular septal defect.

Occasionally, the ventricular septal defect is so huge that the ventricles
form a single cavity, giving a trilocular heart.

Congenital pulmonary stenosis may affect the trunk of the pulmonary
artery, its valve or the infundibulum of the right ventricle. If stenosis occurs
in conjunction with a septal defect, the compensatory hypertrophy of the
right ventricle (developed to force blood through the pulmonary obstruc-
tion) develops a sufficiently high pressure to shunt blood through the defect
into the left heart; this mixing of the deoxygenated right heart blood with
the oxygenated left-sided blood results in the child being cyanosed at birth.

The commonest combination of congenital abnormalities causing cyano-
sis is Fallot’s tetralogy (Fig. 33). This results from unequal division of the
truncus arteriosus by the spiral septum, resulting in a stenosed pulmonary
trunk and a wide aorta that overrides the orifices of both the ventricles.
The displaced septum is unable to close the interventricular septum, which
results in a ventricular septal defect. Right ventricular hypertrophy devel-
ops as a consequence of the pulmonary stenosis. Cyanosis results from the
shunting of large amounts of unsaturated blood from the right ventricle
through the ventricular septal defect into the left ventricle and also directly
into the aorta.

A persistent ductus arteriosus (Fig. 34a) is a relatively common congenital
defect. If left uncorrected, it causes progressive work hypertrophy of the
left heart and pulmonary hypertension.

Aortic coarctation (Fig. 34b) is thought to be due to an abnormality of the
obliterative process that normally occludes the ductus arteriosus. There



Fig. 33 The tetralogy of
Fallot.

Fig. 34 (a) Persistent
ductus arteriosus —
showing its close
relationship to the left
recurrent laryngeal
nerve. (b) Coarctation of
the aorta.
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may be an extensive obstruction of the aorta from the left subclavian artery
to the ductus, which is widely patent and maintains the circulation to the
lower parts of the body; often, there are multiple other defects and fre-
quently infants so afflicted die at an early age. More commonly, there is a
short segment involved in the region of the ligamentum arteriosum or still
patent ductus. In these cases, circulation to the lower limbs is maintained
via collateral arteries around the scapula anastomosing with the intercostal
arteries, and via the link-up between the superior epigastric artery (a ter-
minal branch of the internal thoracic artery) and the inferior epigastric -
artery, a branch of the external iliac artery, which takes place in the posterior
rectus sheath.
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Clinically, this circulation may be manifest by enlarged vessels being pal-
pable around the scapular margins; radiologically, dilatation of the engorged
intercostal arteries results in notching of the inferior borders of the ribs.

Abnormal development of the primitive aortic arches may result in the
aortic arch being on the right or actually being double. An abnormal right
subclavian artery may arise from the dorsal aorta and pass behind the
oesophagus — a rare cause of difficulty in swallowing (dysphagia lusoria).

Rarely, the division of the truncus into the aorta and pulmonary artery
is incomplete, leaving an aorta—pulmonary window, the most unusual
congenital fistula between the two sides of the heart.

The superior mediastinum

This is bounded in front by the manubrium sterni and behind by the first
four thoracic vertebrae (Fig. 22). Above, it is in direct continuity with the
root of the neck, and, below, it is continuous with the three subdivisions of
the inferior mediastinum. Its principal contents are: the great vessels, tra-
chea, oesophagus, thymus, thoracic duct, vagi, left recurrent laryngeal
nerve and the phrenic nerves (Fig. 17).

The arch of the aorta is directed anteroposteriorly; its three great branches,
the brachiocephalic, left carotid and left subclavian arteries, ascend to the tho-
racic inlet, the first two forming a ‘V’ around the trachea. The brachioce-
phalic veins lie in front of the arteries, the left running almost horizontally
across the superior mediastinum and the right vertically downwards; the
two unite to form the superior vena cava. Posteriorly lies the trachea with the
oesophagus immediately behind it lying against the vertebral column.

The thymus (Fig. 17)

Although the thymus was well recognized by the early anatomists, it is
interesting that it is only within the living memory of older members of the
medical profession that the great importance of the thymus in the immu-
nological defences of the body, by production of thymus-processed lym-
phocytes (T-lymphocytes), has been recognized.

The thymus is a soft, bi-lobed organ that lies in the superior mediasti-
num, closely related to the left brachiocephalic vein, and extends down-
wards into the anterior part of the inferior mediastinum.

The gland is large in the fetus and young child, and may extend upwards
into the neck even as far as the lower pole of the thyroid gland. It fails to
increase much in size after childhood, and thus becomes comparatively
smaller in the adult. Moreover, although it is pink and glandular in the fetus
and child, it becomes increasingly infiltrated with fat in later years; in adults,
it is distinguishable from surrounding fat only by its distinct capsule.

The oesophagus

The oesophagus, which is 25c¢m (10 in) long, extends from the level of the
lower border of the cricoid cartilage at the level of the 6th cervical vertebra
to the cardiac orifice of the stomach (Fig. 35).



Fig. 35 The oesophagus
and its relations.
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In the neck it commences in the median plane and deviates slightly to the
left as it approaches the thoracic inlet. The trachea and the thyroid gland
are its immediate anterior relations, the 6th and 7th cervical vertebrae and
the prevertebral muscles covered by prevertebral fascia are behind it and
on either side it is related to the common carotid arteries and the recurrent
laryngeal nerves. On the left side it is also related to the subclavian artery
and the terminal part of the thoracic duct (Fig. 16).

Thoracic

The thoracic part traverses first the superior and then the posterior mediasti-
num. From being somewhat over to the left, it returns to the midline at T5
then passes downwards, forwards and to the left to reach the oesophageal
opening in the diaphragm (T10). For convenience, the relations of this part
are given in sequence from above downwards.
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Anteriorly (Fig. 35), it is crossed by the trachea, the left bronchus (which
constricts it), the pericardium (separating it from the left atrium) and the
diaphragm.

Posteriorly lie the thoracic vertebrae, the thoracic duct, the azygos vein
and its tributaries and, near the diaphragm, the descending aorta.

On the left side (see Fig. 38) it is related to the left subclavian artery, the terminal
part of the aortic arch, the left recurrent laryngeal nerve, the thoracic duct and
the left pleura. In the posterior mediastinum it relates to the descending thoracic
aorta before this passes posteriorly to the oesophagus above the diaphragm.

On the right side (see Fig. 39) there is the pleura and the azygos vein.

Below the root of the lung the vagi form a plexus on the oesophagus, the
left vagus lying anteriorly, the right posteriorly.

In the abdomen, passing forwards through the opening in the right crus of
the diaphragm, the oesophagus comes to lie in the oesophageal groove on
the posterior surface of the left lobe of the liver, covered by peritoneum on
its anterior and left aspects. Behind it is the left crus of the diaphragm. It
has a short course of approximately 3cm (1.2in) before it enters the stom-
ach at the cardiac orifice (see Fig. 49).

Structure

The oesophagus is made of:

1 an outer connective tissue sheath of areolar tissue;

2 amuscular layer of external longitudinal and internal circular fibres that
are striated in the upper two-thirds and smooth in the lower one-third;

3 a submucous layer containing mucous glands;

4 a mucosa of stratified epithelium passing abruptly into the columnar
epithelium of the stomach.

Lower oesophageal sphincter mechanism

There is no anatomical sphincter of thickened circular muscle at the lower
end of the human oesophagus, although such a sphincter can be demon-
strated in a number of animal species. Nevertheless, a sphincter mecha-
nism clearly exists at the lower end of the oesophagus, as evidenced by the
fact that lying down or bending over does not result in gastric contents
being refluxed back into the oesophagus. The ‘sphincter’ can, however,
relax to allow vomiting and belching. The lower oesophageal sphincter
mechanism is a complex affair, comprising:
1 aphysiological high-pressure zone at the terminal few centimetres of the
oesophagus, which can be demonstrated on oesophageal manometry;
2 a pinch-cock effect of the crural sling of the diaphragm (Fig. 10);
3 the positive intra-abdominal pressure acting on the short abdominal
segment of the oesophagus;
4 the valve-like effect of the obliquity of the oesophagogastric angle (see
Fig. 49);
5 the plug-like action of a rosette of mucosal folds (seen on oesophagogas-
troscopy) at the cardiac orifice.
Failure of this sphincter mechanism may result in reflux oesophagitis. The
patient complains of ‘heart-burn’, the feeling of an unpleasant burning
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pain behind the sternum, on bending over or lying down, often accompa-
nied by reflux of gastric contents into the mouth. This is often associated
with the presence of a sliding hiatus hernia (see page 18), but may occur
even if no such hernia can be demonstrated.

Blood supply, lymphatic drainage and radiology
of the oesophagus

Blood supply is from the inferior thyroid artery, branches of the descending
thoracic aorta and the left gastric artery. The veins from the cervical part
drain into the inferior thyroid veins, from the thoracic portion into the azy-
gos vein and from the abdominal portion partly into the azygos and partly
into the left gastric veins. This is by far the most important of the porto-
caval anastomoses (see page 92).

The lymphatic drainage is from a peri-oesophageal lymph plexus into the
posterior mediastinal nodes, which drain both into the supraclavicular
nodes and into nodes around the left gastric vessels. It is not uncommon to
be able to palpate hard, fixed supraclavicular nodes in patients with
advanced oesophageal cancer.

Radiographically, the oesophagus may be studied on films taken after a
barium swallow. These show the oesophagus lying in the retrocardiac space
just in front of the vertebral column. Anteriorly, the normal oesophagus is
indented from above downwards by the three most important structures
that cross it — the arch of the aorta, the left bronchus and the left atrium.

CLINICAL FEATURES

1 For oesophagoscopy, measurements are made from the upper incisor
teeth; the three important levels 17 cm (7in), 28 cm (11in) and 43 cm (17in)
corresponding to the commencement of the oesophagus, the point at
which it is crossed by the left bronchus and its termination, respectively.

2 These three points also indicate the narrowest parts of the oesophagus:
the sites at which, as might be expected, swallowed foreign bodies are
most likely to become impacted and strictures are most likely to occur
after swallowing corrosive fluids.

3 The anastomosis between the azygos (systemic) and left gastric (portal)
venous tributaries in the oesophageal veins is of great importance. In
portal hypertension these veins distend into large collateral channels,
oesophageal varices, which may then rupture with severe haemorrhage
(probably as a result of peptic ulceration of the overlying mucosa).

4 Use is made of the close relationship between the oesophagus and the
left atrium in determining the degree of left atrial enlargement in mitral
stenosis; a barium swallow may show marked backward displacement
of the oesophagus caused by the dilated atrium.

5 The oesophagus is crossed solely by the termination of the vena azygos
on the right side. This is, therefore, the side of election to approach the
intrathoracic oesophagus surgically.
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Development of the oesophagus

The oesophagus develops from the distal part of the primitive foregut.
From the floor of the foregut also differentiate the larynx and trachea, first
as a groove (the laryngotracheal groove) which then converts into a tube, a
bud on each side of which develops and ramifies into the lung.

This close relationship between the origins of the oesophagus and tra-
chea accounts for the relatively common malformation in which the
upper part of the oesophagus ends blindly while the lower part opens
into the lower trachea at the level of T4 (oesophageal atresia with tracheo-
oesophageal fistula). Less commonly, the upper part of the oesophagus
opens into the trachea, or oesophageal atresia occurs without concomi-
tant fistula into the trachea. Rarely, there is a tracheo-oesophageal fistula
without atresia (Fig. 36).

The thoracic duct (Figs 37, 213)

The cisterna chyli lies between the abdominal aorta and right crus of the
diaphragm. It drains lymphatics from the abdomen and the lower limbs,
then passes upwards through the aortic opening to become the thoracic
duct. This ascends behind the oesophagus, inclines to the left of the oesoph-
agus at the level of T5, then runs upwards behind the carotid sheath,
descends over the subclavian artery and drains into the commencement of
the left brachiocephalic vein (see Fig. 213).

The left jugular, subclavian and mediastinal lymph trunks, draining the left
side of the head and neck, upper limb and thorax, respectively, usually join
the thoracic duct, although they may open directly into the adjacent large
veins at the root of the neck.

The thoracic duct thus usually drains the whole lymphatic field below
the diaphragm and the left half of the lymphatics above it.

Fig. 36 The usual form
of oesophageal stenosis.
The upper oesophagus
ends blindly; the

lower oesophagus
communicates with the
trachea at the level of the
4th thoracic vertebra.



Fig. 37 The course of the
thoracic duct.
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On the right side, the right subclavian, jugular and mediastinal trunks
may open independently into the great veins. Usually the subclavian and
jugular trunks first join into a right lymphatic duct; this may be joined by the
mediastinal trunk so that all three then have a common opening into the
origin of the right brachiocephalic vein.

CLINICAL FEATURES

1 The lymphatics may become blocked by infection and fibrosis due to
Microfilaria bancrofti. This usually results in lymphoedema of the legs and
scrotum, but occasional involvement of the main channels of the trunk
and thorax is followed by chylous ascites, chyluria and chylous pleural
effusion.

2 The thoracic duct may be damaged during block dissection of the
neck. If noticed at operation, the injured duct should be ligated; lymph



52 The thorax

then finds its way into the venous system by anastomosing channels.
If the accident is missed, there follows an unpleasant chylous fistula in
the neck.

3 Tears of the thoracic duct have also been reported as a complication of
fractures of the thoracic vertebrae to which, in its lower part, the duct is
closely related. It may also be damaged in mobilizing the oesophagus at
oesophagectomy. Such injuries are followed by a chylothorax.

The thoracic sympathetic trunk (Fig. 38a,b)

The sympathetic chain lies immediately lateral to the mediastinum behind
the parietal pleura.

Descending from the cervical chain, it crosses:
¢ the neck of the first rib;

e the heads of the 2nd-10th ribs;
e the bodies of the 11th and 12th thoracic vertebrae.

It then passes behind the medial arcuate ligament of the diaphragm to
continue as the lumbar sympathetic trunk.

The thoracic chain bears a ganglion for each spinal nerve; the first fre-
quently joins the inferior cervical ganglion to form the stellate ganglion.
Each ganglion receives a white ramus communicans containing pregangli-
onic fibres from its corresponding spinal nerve and donates back a grey
ramus, bearing postganglionic fibres.

Branches

1 Sympathetic fibres are distributed to the skin with each of the thoracic
spinal nerves.

2 Postganglionic fibres from T1-T5 are distributed to the thoracic vis-
cera — the heart and great vessels, the lungs and the oesophagus.

3 Mainly preganglionic fibres from T5-T12 form the splanchnic nerves,
which pierce the crura of the diaphragm and pass to the coeliac, superior
mesenteric, inferior mesenteric and renal ganglia, from which they are
relayed as postganglionic fibres to the abdominal viscera. These splanch-
nic nerves are classically divided into:

e greater splanchnic (T5-T10);

e lesser splanchnic (T10-T11);

e least splanchnic (T12).

However, although these fibres do indeed arise from the T5-T12 ganglia,
their exact arrangement is very variable.

The splanchnic nerves lie medial to the sympathetic trunk on the bodies
of the thoracic vertebrae and are quite easily visible through the parietal

pleura. (For their important distribution, see page 422.)
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CLINICAL FEATURES

A high spinal anaesthetic will produce temporary hypotension by para-
lysing the sympathetic (vasoconstrictor) preganglionic outflow from spinal
segment T5 downwards, passing to the abdominal viscera.

On the examination of a chest
radiograph

The following features should be examined in every radiograph of the chest.

‘Centering’ and density of film

The sternal ends of the two clavicles should be equidistant from the shadow
of the vertebral spines. The assessment of the density of the film can be
learned only by experience, but in a ‘normal’ film the bony cage should be
clearly outlined and the larger vessels in the lung fields clearly visible.

General shape

Any abnormalities in the general form of the thorax (scoliosis, kyphosis
and the barrel chest of emphysema, for example) should always be noted
before other abnormalities are described.

Bony cage

The thoracic vertebrae should be examined first, then each of the ribs in
turn (counting conveniently from their posterior ends and comparing each
one with its fellow of the opposite side), and finally clavicles and scapulae.
Unless this procedure is carried out systematically, important diagnostic
clues (e.g. the presence of a cervical rib, or notching of the ribs by enlarged
anastomotic vessels) are liable to be missed.

The domes of the diaphragm
These should be examined for height and symmetry and the nature of the
cardiophrenic and costophrenic angles observed.

The mediastinum

The outline of the mediastinum should be traced systematically. Special
note should be made of the size of the heart, of mediastinal shift and of the
vessels and nodes at the hilum of the lung.

Lung fields

Again, systematic examination of the lung fields visible in each intercostal
space is necessary if slight differences between the two sides are not to be
overlooked.
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Abnormalities

When this scheme has been carefully followed, any abnormalities in the
bony cage, the mediastinum or lung fields should now be apparent. They
should then be defined anatomically as accurately as possible and checked,
where necessary, by reference to a film taken from a different angle.

Radiographic appearance of the heart

For the appearance of the heart as seen at fluoroscopy, reference should be
made to a standard work in radiology or cardiology. In the present account,
only the more important features of the heart and great vessels that can be
seen in standard posteroanterior views of the chest and CT and MR images
will be described.

The heart and great vessels in anteroposterior
radiographs (Fig. 39)

The greater part of the ‘mediastinal shadow’ in an anteroposterior film of
the chest is formed by the heart and great vessels. These should be exam-
ined as follows.

Size and shape of the heart

Normally the transverse diameter should not exceed half the total width of
the chest, but since it varies widely with bodily build and the position of
the heart, these factors must also be assessed. The shape of the cardiac
shadow also varies a good deal with the position of the heart, being long
and narrow in a vertically disposed heart and broad and rounded in the
so-called horizontal heart.

Right border Left border

Right
brachiocephalic vein

Superior vena cava Aortic ‘knuckle’

— Pulmonary trunk

Left atrial

d
Right atrium appendage

Left ventricle

Fig. 39 A tracing of a chest radiograph to show the composition of the right and
left borders of the mediastinal shadow.
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The cardiac outline

Each ‘border’ of the cardiac shadow should be examined in turn. The right
border of the mediastinal shadow is formed from above downwards by the
right brachiocephalic vein, the superior vena cava and the right atrium.
Immediately above the heart, the left border of the mediastinal shadow pre-
sents a well-marked projection, the aortic knuckle, which represents the arch
of the aorta seen ‘end-on’. Beneath this there are, successively, the shadows
due to the pulmonary trunk (or the infundibulum of the right ventricle),
the auricle of the left atrium (left atrial appendage) and the left ventricle.
The shadow of the inferior border of the heart blends centrally with that of
the diaphragm, but on either side the two shadows are separated by the
well-defined cardiophrenic angles.



Part 2
The Abdomen and Pelvis
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Surface anatomy and surface
markings

Examination of the patient’s abdomen requires not only skill and gentle-
ness but also detailed knowledge of its anatomy.

Look at your own abdomen in the mirror with your muscles tensed, or
examine a muscular patient. The midline linea alba is evident, and, even
more obvious, the linea semilunaris on either side (see Fig. 41). The tendi-
nous intersections of the rectus at the level of the umbilicus and halfway
between the umbilicus and xiphoid are responsible for the six-pack
appearance of the tensed rectus muscles in a well-developed subject.

Be able to identify these landmarks on yourself or the patient (Fig. 40).

The xiphoid. The costal margin extends from the 7th costal cartilage at the
xiphoid to the tip of the 12th rib (although the latter is often difficult to
feel); this margin bears a distinct step, which is the tip of the 9th costal
cartilage.

The iliac crest ends in front at the anterior superior iliac spine from which
the inguinal ligament (Poupart’s ligament) passes downwards and medially
to the pubic tubercle. Identify this tubercle by direct palpation and also by
running the fingers along the adductor longus tendon (tensed by flexing,
abducting and externally rotating the thigh) to its origin just inferior to the
tubercle.

In the male feel the firm vas deferens between the finger and thumb as it
lies within the spermatic cord at the scrotal neck. Trace the vas upwards
and note that it passes medially to the pubic tubercle and thence through
the external inguinal ring, which can be felt by invaginating the scrotal skin
with the fingertip.

Vertebral levels (Fig. 40a)

o T9 — the xiphoid.

e L1 - the transpyloric plane of Addison, as originally described, lies halfway
between the suprasternal notch of the sternum and the top of the pubis.
No clinician uses this, and a useful approximation is that the line lies a
hand’s breadth below the xiphoid. This plane passes through the
pylorus, the pancreatic neck, the duodenojejunal flexure, the fundus of
the gall bladder, the tip of the 9th costal cartilage (felt as a distinct ‘step”)
and the hila of the kidneys. It also corresponds to the level of termination
of the spinal cord.

e L3 - the subcostal plane is a horizontal plane at the level of the lowest part
of the costal margin, which is the inferior margin of the 10th rib. It passes
through the origin of the inferior mesenteric artery.

o L4 — the supracristal plane (supracristal line) at the level of the summits of the
iliac crests. This corresponds to the level of the bifurcation of the aorta.
It is also a useful landmark in performing a lumbar puncture, since it is
well below the level of the termination of the spinal cord, which is
approximately at L1 (see page 381 and Fig. 246).
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the right 5th intercostal space in the midaxillary line
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Fig. 40 (a) Boundaries,
bony landmarks and
vertebral levels of the
abdomen. (b) The surface
markings of the liver

and aorta.
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* The umbilicus is an inconstant landmark. In the healthy adult it lies
at the junction of the L3 and L4 vertebrae. It is lower in the infant
and, naturally, when the abdomen is pendulous. It is higher in late
pregnancy.

Surface markings of individual viscera (Fig. 40b)

The abdominal viscera are inconstant in their position but the surface
markings of the following structures are of clinical value.

Liver

Mark the position of the right 10th rib in the midaxillary line (the costal
border); mark the 5th right intercostal space in the midaxillary line; mark
the left 5th intercostal space in the midclavicular line. Join these three
points and you have outlined the position of the normal liver.

This is not palpable in the normal subject — what is often mistaken for the
liver edge, especially in a muscular subject, is the rolled up anterior
abdominal muscles gathered up by the examining fingers. Confirm this by
percussion — the ‘liver” will be resonant to percussion!

Spleen

This underlies the 9th, 10th and 11th ribs posteriorly on the left side com-
mencing 5cm (2in) from the midline. It is approximately the size of the
subject’s cupped hand. The spleen must be enlarged to at least three times
its normal size to be clinically palpable — so an easily felt spleen is
enormous!

Gall bladder

The fundus of the gall bladder corresponds to the point where the lateral
border of the right rectus abdominis cuts the costal margin; this is at the tip
of the 9th right costal cartilage, easily detected as a distinct ‘step” when the
fingers are run along the costal margin.

Pancreas

The transpyloric plane defines the level of the neck of the pancreas, which
overlies the vertebral column. From this landmark, the head can be
imagined passing downwards and to the right, the body and tail passing
upwards and to the left.

Aorta

The pulsations of the aorta can be felt by firm downward palpation of the
abdomen in the midline. Because of the lumbar lordosis, the lower part of
the aorta is pushed forwards and is therefore more readily felt than its
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upper part. These pulsations terminate at the level of the aortic bifurcation
at L4, which is demarcated by a line joining the summits of the right and
left iliac crests — the supracristal line (Fig. 40). A pulsatile swelling detected
below this level may be an iliac, but cannot be an aortic, aneurysm.
(Consider also transmitted pulsations through a pelvic mass.)

Kidneys

The lower pole of the normal right kidney may sometimes be felt in the
thin subject on deep inspiration. Anteriorly, the hilum of the kidney lies in
the transpyloric plane four finger-breadths from the midline. Posteriorly,
the upper pole of the kidney lies deep to the 12th rib. The right kidney
normally extends approximately 2.5cm (1in) lower than the left. Using
these landmarks, the kidney outlines can be projected onto either the
anterior or posterior aspects of the abdomen.

In some perfectly normal thin people, especially women, it is possible
to palpate the lower pole of the right kidney and the sigmoid colon if the
latter is loaded with faeces; in most of us, only the aorta is palpable.

The fasciae and muscles of the
abdominal wall

Fasciae of the abdominal wall

There is no deep fascia over the trunk, only the superficial fascia. (If there
were, we would presumably be unable to take a deep breath or enjoy a
large meal!) This, in the lower abdomen, forms a superficial fatty layer
(of Camper) and a deeper fibrous layer (of Scarpa). The fatty layer is continu-
ous with the superficial fat of the rest of the body, but the fibrous layer
blends with the deep fascia of the upper thigh, extends into the penis and
scrotum (or labia majora) and into the perineum as Colles” fascia. In the
perineum it is attached, behind, to the perineal body and posterior margin
of the perineal membrane and, laterally, to the rami of the pubis and
ischium. It is because of these attachments that a rupture of the urethral
bulb may be followed by extravasation of blood and urine into the scro-
tum, perineum and penis and then into the lower abdomen deep to the
fibrous fascial plane, but not by extravasation downwards into the lower
limb, from which the fluid is excluded by the attachment of the fascia to
the deep fascia of the upper thigh.

Nerve supply

The segmental nerve supply of the abdominal muscles and the overlying
skin is derived from T7-L1. This distribution can be mapped out
approximately if it is remembered that the umbilicus is supplied by T10
and the groin and scrotum by L1 (via the ilio-inguinal and iliohypogastric
nerves — see Fig. 137).
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The muscles of the anterior abdominal wall

These are of considerable practical importance because their anatomy

forms the basis of abdominal incisions.

The rectus abdominis (Fig. 41) arises on a 7.5cm (3in) horizontal line
from the 5th, 6th and 7th costal cartilages and is inserted for a length of
2.5cm (lin) into the crest of the pubis. At the tip of the xiphoid, at the
umbilicus and halfway between, are three constant transverse tendinous
intersections; below the umbilicus there is sometimes a fourth. These inter-
sections are seen only on the anterior aspect of the muscle and here they
adhere to the anterior rectus sheath. Posteriorly they are not in evidence
and, in consequence, the rectus muscle is completely free behind. At each
intersection, vessels from the superior epigastric artery and vein pierce
the rectus.

The sheath in which the rectus lies is formed, to a large extent, by the
aponeurotic expansions of the lateral abdominal muscles (Fig. 42):

(a) Above the costal margin, the anterior sheath comprises the external
oblique aponeurosis only; posteriorly lie the costal cartilages.

(b) From the costal margin to a point halfway between the umbilicus and
pubis, the external oblique and the anterior part of the internal oblique
aponeurosis form the anterior sheath. Posteriorly lie the posterior
part of this split internal oblique aponeurosis and the aponeurosis of
transversus abdominis.
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Fig. 42 The composition of the rectus sheath shown in transverse section (a) above
the costal margin, (b) above the arcuate line and (c) below the arcuate line.

(c) Below a point halfway between the umbilicus and pubis, all the aponeu-
roses pass in front of the rectus so that the anterior sheath here com-
prises the tendinous expansions of all three oblique muscles blended
together. The posterior wall at this level is made up of the only other
structures available — the transversalis fascia (the thickened extraperito-
neal fascia of the lower abdominal wall) and the peritoneum.

The posterior junction between (b) and (c) is marked by the arcuate line of
Douglas, which is the lower border of the posterior aponeurotic part of the
rectus sheath. At this point the inferior epigastric artery and vein (from the
external iliac vessels) enter the sheath, pass upwards and anastomose with
the superior epigastric vessels, which are terminal branches of the internal
thoracic artery and vein. The rectus sheaths fuse in the midline to form the
linea alba stretching from the xiphoid to the pubic symphysis.

The lateral muscles of the abdominal wall comprise the external and
internal oblique and the transverse muscles. These correspond to the three
layers of muscle of the chest wall — external, internal and innermost inter-
costals —and, like them, have their neurovascular bundles running between
the second and third layer. They are clinically important in making up the
rectus sheath and the inguinal canal, and also because they must be divided
in making lateral abdominal incisions.

Their attachments can be remembered when one bears in mind that they
fill the space between the costal margin above, the iliac crest below, and the
lumbar muscles covered by lumbar fascia behind. Medially, as already
noted, they constitute the rectus sheath and thence blend into the linea alba
from xiphoid to pubic crest.
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The obliquus externus abdominis (external oblique) arises from the outer
surfaces of the lower eight ribs and fans out into the xiphoid, linea alba,
the pubic crest, pubic tubercle and the anterior half of the iliac crest.

From the pubic tubercle to the anterior superior iliac spine its lower
border forms the aponeurotic inguinal ligament of Poupart.

The obliquus internus abdominis (internal oblique) arises from the lumbar
fascia, the anterior two-thirds of the iliac crest and the lateral two-thirds of
the inguinal ligament. It is inserted into the lowest six costal cartilages,
linea alba and the pubic crest.

The transversus abdominis arises from the lowest six costal cartilages
(interdigitating with the diaphragm), the lumbar fascia, the anterior two-
thirds of the iliac crest and the lateral one-third of the inguinal ligament; it
is inserted into the linea alba and the pubic crest.

Note that the external oblique passes downwards and forwards, the
internal oblique upwards and forwards and the transversus transversely.
Note also that the external oblique has its posterior border free but the
deeper two muscles both arise posteriorly from the lumbar fascia.

The anatomy of abdominal incisions

Incisions to expose the intraperitoneal structures represent a compromise
on the part of the operator. On the one hand, he requires maximum access;
on the other hand, he wishes to leave a scar which lies, if possible, in an
unobtrusive crease, and which will have done minimal damage to the
muscles of the abdominal wall and to their nerve supply.

The nerve supply to the lateral abdominal muscles forms a richly
communicating network so that cuts across the lines of fibres of these
muscles, with division of one or two nerves, produce no clinical ill effects.
The segmental nerve supply to the rectus, however, has little cross-
communication and damage to these nerves must, if possible, be avoided.

The copious anastomoses between the blood vessels supplying the
abdominal muscles make damage to these by operative incisions of no
practical importance.

Midline incision

The midline incision is made through the linea alba. Superiorly, this is a
relatively wide fibrous structure, but below the umbilicus it becomes
almost hairline and the surgeon may experience difficulty in finding the
exact point of cleavage between the recti at this level. Being made of fibrous
tissue only, it provides an almost bloodless line along which the abdomen
can be opened rapidly and, if necessary, from one end to the other.

Paramedian incision

The paramedian incision is a vertical incision placed 2.5cm (1in) to 4cm
(1.5in) lateral, and parallel, to the midline; the anterior rectus sheath is
opened, the rectus displaced laterally and the posterior sheath, together
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with peritoneum, then incised. This incision has the advantage that, on
suturing the peritoneum, the rectus slips back into place to cover and
protect the peritoneal scar.

The adherence of the anterior sheath to the rectus muscle at its tendinous
intersections means that the sheath must be dissected off the muscle at
each of these sites, and at each of these a segmental vessel requires division.
Having done this, the rectus is easily slid laterally from the posterior sheath
from which it is quite free. The posterior sheath and the peritoneum form
a tough membrane down to halfway between the pubis and umbilicus, but
it is much thinner and more fatty below this where, as we have seen, it
loses its aponeurotic component and is made up of only transversalis
fascia and peritoneum. The inferior epigastric vessels are seen passing
under the arcuate line of Douglas in the posterior sheath and usually
require division in a low paramedian incision.

The transrectus incision

Occasionally, the rectus muscle is split in the line of the paramedian inci-
sion. The rectus receives its nerve supply laterally and the muscle medial
to the incision must, in consequence, be deprived of its innervation and
undergo atrophy; it is an incision therefore best avoided.

Subcostal incision

The subcostal (Kocher) incision is used on the right side in biliary surgery,
and on the left in exposure of the spleen. The skin incision commences
at the midline and extends parallel to, and 2.5cm (1in) below, the costal
margin.

The anterior rectus sheath is opened, the rectus cut and the posterior
sheath with underlying adherent peritoneum incised. The small 8th
intercostal nerve branch to the rectus is sacrificed but the larger and more
important 9th nerve, in the lateral part of the wound, is preserved.
The divided rectus muscle is held by the intersections above and below
and retracts very little. It subsequently heals by fibrous tissue. This incision
is valuable in the patient with the wide subcostal angle. Where this angle
is narrow, the paramedian incision is usually preferred.

The muscle split or gridiron approach
to the appendix

The oblique skin incision centred at McBurney’s point (two-thirds of the
way laterally along the line from the umbilicus to the anterior superior
iliac spine) is now less popular than an almost transverse incision in
the line of the skin crease forwards from, and 2.5cm (1in) above, the
anterior spine.

The aponeurosis of the external oblique is incised in the line of its fibres
(obliquely downwards and medially); the internal oblique and transversus
muscles are then split in the line of their fibres, and retracted without their
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having to be divided. On closing the incision, these muscles snap together
again, leaving a virtually undamaged abdominal wall.

Transverse and oblique incisions

Incisions cutting through the lateral abdominal muscles do not damage
their richly anastomosing nerve supply and heal without weakness.
They are useful, for example, in exposing the sigmoid colon or the caecum
or, by displacing the peritoneum medially, extraperitoneal structures such
as the ureter, sympathetic chain and the external iliac vessels.

Pfannenstiel incision

This is a useful incision in gynaecological surgery, Caesarian section and
open extraperitoneal exposure of the prostate and urinary bladder in the
retropubic space. A curving transverse incision is made approximately
5cm (2in) above the pubic symphysis. The anterior rectus sheath is incised
on either side in the line of the skin incision and the underlying rectus
abdominis muscle, with the small triangular pyramidalis muscle, is
dissected off the sheath on either side, retracted laterally and the
peritoneum opened in the midline. Care is taken not to damage the bladder;
first, by emptying it by catheterization before surgery and, second, by
commencing the incision of the peritoneum at the upper end of the exposed
peritoneum. The healed incision, lying in a skin crease and just within the
line of the pubic hair, is invisible.

Thoraco-abdominal incisions

An upper paramedian or upper oblique abdominal incision can be
extended through the 8th or 9th intercostal space, the diaphragm incised
and an extensive exposure achieved of both the upper abdomen and
thorax. This is used, for example, on the left in removing growths of the
upper stomach or lower oesophagus and on the right in resection of the
right lobe of the liver.

Paracentesis abdominis

Intraperitoneal fluid collections can be evacuated via a cannula inserted
through the abdominal wall. The bladder having been first emptied with a
catheter, the cannula is introduced on a trocar either through the midline
(where the linea alba is relatively bloodless) or lateral to McBurney’s point
(where there is no danger of wounding the inferior epigastric vessels). The
coils of gut are not in danger in this procedure because they are mobile and
are pushed away by the tip of the trocar. These two landmarks are also
used for insertion of cannulae for laparoscopic surgery.

The inguinal canal (Fig. 43)

This canal represents the oblique passage taken through the lower abdomi-
nal wall by the testis and cord (the round ligament in the female).
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Fig. 43 The right inguinal canal (a) with the external oblique aponeurosis intact
and (b) with the external oblique aponeurosis removed.

Questions on the anatomy of this region are probably asked more often
than any other in examinations because of its importance in the diagnosis
and treatment of hernias.

The canal is 4cm (1.5in) long. It passes downwards and medially from
the internal to the external inguinal rings and lies parallel to, and immedi-
ately above, the inguinal ligament.

Relations

e Anteriorly — the skin, superficial fascia and the external oblique aponeu-
rosis cover the full length of the canal; the internal oblique covers its
lateral one-third.

e Posteriorly — the conjoint tendon forms the posterior wall of the canal
medially, the transversalis fascia laterally. (The conjoint tendon repre-
sents the fused common insertion of the internal oblique and transver-
sus into the pubic crest and pectineal line. The transversalis fascia is the
name given to the extraperitoneal fascia which, in the lower abdomen, is
much thickened.)

® Above — arch the lowest fibres of the internal oblique and transversus
abdominis.

* Below - lies the inguinal ligament.

The internal (or deep) ring represents the point at which the spermatic
cord pushes through the transversalis fascia, dragging from it a covering
which forms the internal spermatic fascia. This ring is demarcated medially
by the inferior epigastric vessels passing upwards from the external iliac
artery and vein.
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The external (or superficial) ring is a V-shaped defect in the external
oblique aponeurosis and lies immediately above and medial to the pubic
tubercle. As the cord traverses this opening, it carries the external spermatic
fascia from the ring’s margins.

In the male, the inguinal canal transmits the spermatic cord and the ilio-
inguinal nerve. In the female, the canal is a much smaller affair — it is still
made up of the three layers of fascia described in the following list, but
transmits only the round ligament of the uterus (which represents the
gubernaculum testis of the male embryo, see page 126) together with the
ilio-inguinal nerve.

The spermatic cord comprises (Fig. 44):

three layers of fascia — the external spermatic, from the external oblique
aponeurosis; the cremasteric, from the internal oblique aponeurosis
(containing muscle fibres termed the cremaster muscle); the internal
spermatic, from the transversalis fascia;

three arteries — the testicular (from the aorta); the cremasteric (from the
inferior epigastric artery); the artery of the vas (from the inferior vesical
artery);

three veins — the pampiniform plexus of veins (draining the right testis
into the inferior vena cava and the left into the left renal vein), and the
cremasteric vein and vein of the vas, which accompany their

corresponding arteries;

three nerves — the nerve to the cremaster (from the genitofemoral nerve);
sympathetic fibres from the T10 and T11 spinal segments; the ilio-ingui-
nal nerve (strictly, on and not in the cord);

three other structures — the vas deferens; lymphatics of the testis, which
pass to the para-aortic lymph nodes; and, pathologically present as the
third structure, a patent processus vaginalis in patients with an indirect
inguinal hernia!

CLINICAL FEATURES

An indirect inguinal hernia passes through the internal ring, along the canal
and then, if large enough, emerges through the external ring and descends
into the scrotum. If reducible, such a hernia can be completely controlled by
pressure with the fingertip over the internal ring, which lies 1.2cm (0.5in)
above the point where the femoral artery passes under the inguinal
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ligament, i.e. 1.2cm (0.5in) above the femoral pulse. This pulse can be felt
at the mid-inguinal point, halfway between the anterior superior iliac spine
and the symphysis pubis (see Fig. 152).

If the hernia protrudes through the external ring, it can be felt to lie above
and medial to the pubic tubercle, and is thus differentiated from a femoral
hernia emerging from the femoral canal, which lies below and lateral to
this landmark (see Fig. 175).

A direct inguinal hernia pushes its way directly forwards through the
posterior wall of the inguinal canal. Since it lies medial to the internal ring,
it is not controlled by digital pressure applied immediately above the
femoral pulse. Occasionally, a direct hernia becomes large enough to push
its way through the external ring and then into the neck of the scrotum.
This is so unusual that one can usually assume that a scrotal hernia is an
indirect hernia.

The only certain way of determining the issue is at operation; the inferior
epigastric vessels demarcate the medial edge of the internal ring, therefore
an indirect hernia sac will pass lateral and a direct hernia medial to these
vessels. Quite often both a direct and an indirect hernia coexist; they bulge
through on each side of the inferior epigastric vessels like the legs of a pair
of pantaloons.

Peritoneal cavity

The endothelial lining of the primitive coelomic cavity of the embryo
becomes the thoracic pleura and the abdominal peritoneum. Each is invag-
inated by ingrowing viscera that thus come to be covered by a serous
membrane and to be packed snugly into a serous-lined cavity, the visceral
and parietal layer, respectively.

In the male, the peritoneal cavity is completely closed, but in the female
it is perforated by the openings of the uterine tubes, which constitute a
possible pathway of infection from the exterior.

To revise the complicated attachments of the peritoneum, it is best to
start at one point and trace this membrane in an imaginary round-trip of
the abdominal cavity, aided by Figs 45 and 46. A convenient point of depar-
ture is the parietal peritoneum of the anterior abdominal wall below the
umbilicus. At this level the membrane is smooth apart from the shallow
ridges formed by the median umbilical fold (the obliterated fetal urachus
passing from the bladder to the umbilicus), the medial umbilical folds (the
obliterated umbilical arteries passing to the umbilicus from the internal
iliac arteries) and the lateral umbilical folds (the peritoneum covering the
inferior epigastric vessels).

A cicatrix can usually be felt and seen at the posterior aspect of the
umbilicus, and from this the falciform ligament sweeps upwards and
slightly to the right of the midline to the liver. In the free border of this
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Fig. 45 The peritoneal cavity in longitudinal (sagittal) section (female).

ligament lies the ligamentum teres (the obliterated fetal left umbilical vein),
which passes into the groove between the quadrate lobe and left lobe
of the liver (see Fig. 69).

Elsewhere, the peritoneum sweeps over the inferior aspect of the
diaphragm, to be reflected onto the liver (leaving a bare area demarcated
by the upper and lower coronary ligaments of the liver) and onto the right
margin of the abdominal oesophagus. After enclosing the liver (for further
details, see page 99), the peritoneum descends from the porta hepatis as a
double sheet, the lesser omentum, to the lesser curve of the stomach. Here, it
again splits to enclose this organ, reforms at its greater curve, then loops
downwards and then up again to attach to the length of the transverse
colon, forming the apron-like greater omentum.

The transverse colon, in turn, is enclosed within this peritoneum, which
then passes upwards and backwards as the transverse mesocolon to the
posterior abdominal wall, where it is attached along the anterior aspect of
the pancreas.

At the base of the transverse mesocolon, this double peritoneal sheet
divides once again; the upper leaf passes upwards over the posterior
abdominal wall to reflect onto the liver (at the bare area), the lower leaf
passes over the lower part of the posterior abdominal wall to cover the
pelvic viscera and to link up once again with the peritoneum of the
anterior wall. This posterior layer is, however, interrupted by its being
reflected along an oblique line running from the duodenojejunal flexure,
above and to the left, to the ileocaecal junction, below and to the right, to
form the mesentery of the small intestine.
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Fig. 46 (a) The peritoneal cavity in transverse section (through the foramen of
Winslow), seen from below. (b) The corresponding CT scan through T12.

The mesentery of the small intestine, the lesser and greater omenta and
mesocolon all carry the vascular supply and lymphatic drainage of their
contained viscera.

The lesser sac (Fig. 46) is the extensive pouch lying behind the lesser
omentum and the stomach and projecting downwards (although usually
this space is obliterated) between the layers of the greater omentum. Its left
wall is formed by the spleen attached by the gastrosplenic and splenorenal
(lienorenal) ligaments. The right extremity of the sac opens into the main
peritoneal cavity via the epiploic foramen or foramen of Winslow (Fig. 47),
whose boundaries are as follows:

e anteriorly — the free edge of the lesser omentum, containing the common
bile duct to the right, the hepatic artery to the left and the portal vein
posteriorly;

e posteriorly — the inferior vena cava;
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o inferiorly — the first part of the duodenum, over which runs the hepatic
artery before this ascends into the anterior wall of the foramen;
e superiorly — the caudate process of the liver.

CLINICAL FEATURES

1 Occasionally a loop of intestine passes through the foramen of Winslow
into the lesser sac and becomes strangulated by the edges of the foramen.
Notice that none of these important boundaries can be incised to release
the strangulation; the bowel must be decompressed by a needle to allow
its reduction.

2 It is important to the surgeon that the hepatic artery can be compressed
between his index finger within the foramen of Winslow and his thumb
on its anterior wall. If the cystic artery is torn during cholecystectomy,
haemorrhage can be controlled by this manoeuvre (named after James
Pringle), which then enables the damaged vessel to be identified
and secured.

Intraperitoneal fossae

A number of fossae occur within the peritoneal cavity in which loops of

bowel may become caught and strangulated. Those of importance are:

1 the lesser sac via the foramen of Winslow, described previously;

2 paraduodenal fossa — between the duodenojejunal flexure and the inferior
mesenteric vessels;

3 retrocaecal fossa — in which the appendix frequently lies;

4 intersigmoid fossa — formed by the inverted ‘V’ attachment of the
mesosigmoid.

The subphrenic spaces (Fig. 48)

Below the diaphragm are a number of potential spaces formed in relation
to the attachments of the liver. One or more of these spaces may become



74 The abdomen and pelvis

Right
subphrenic
space

Liver
Peritoneal
cavity

Left

subhepatic

_ space

Kidney (lesser sac)
Duodenum J

Anterior
Hepatic flexure abdominal
of colon wall

Right

subhepatic space
(Morison’s pouch)

(a) (b)

Fig. 48 The anatomy of (a) the right and (b) the left subphrenic spaces in sagittal
section.

filled with pus (a subphrenic abscess) walled off inferiorly by adhesions.
There are five subdivisions of clinical importance.

The right and left subphrenic spaces lie between the diaphragm and the
liver, separated from each other by the falciform ligament.

The right and left subhepatic spaces lie below the liver. The right is the
pouch of Morison and is bounded by the posterior abdominal wall behind
and by the liver above. It communicates anteriorly with the right sub-
phrenic space around the anterior margin of the right lobe of the liver and
below both open into the general peritoneal cavity from which infection
may track, for example, from a perforated appendix or a perforated peptic
ulcer. The left subhepatic space is the lesser sac, which communicates with
the right through the foramen of Winslow. It may fill with fluid as a result
of a perforation in the posterior wall of the stomach or from an inflamed or
injured pancreas to form a pseudocyst of the pancreas.

The right extraperitoneal space lies between the bare area of the liver and
the diaphragm. It may become involved in retroperitoneal infections or
directly from a liver abscess.

Posterior subphrenic abscesses are drained by an incision below, or
through the bed of, the 12th rib. A finger is then passed upwards and
forwards between the liver and diaphragm to open into the abscess cavity.
An anteriorly placed collection of pus below the diaphragm can alterna-
tively be drained via an incision placed below and parallel to the costal
margin. Nowadays, intra-abdominal fluid collections can often be drained
percutaneously under ultrasound or CT control.
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Fig. 49 The stomach and
its subdivisions.
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The gastrointestinal tract

The stomach

The stomach is roughly J-shaped, although its size and shape vary consid-
erably. It tends to be high and transverse in the obese short subject and to
be elongated in the asthenic individual; even in the same person, its shape
depends on whether it is full or empty, on the position of the body and on
the phase of respiration. The stomach has two surfaces — the anterior and
posterior; two curvatures — the greater and lesser; and two orifices — the
cardia and pylorus (Fig. 49).

The stomach projects to the left, above the level of the cardiac orifice
(or cardia), to form the dome-like gastric fundus. Along the lesser curve is a
distinct notch, the incisura angularis. Between the cardiac orifice and the
incisura is the body of the stomach, while the area between the incisura
and the pylorus is the pyloric antrum. The junction of the pylorus with the
duodenum is marked by a constriction externally and also by a constant
vein that crosses it, the vein of Mayo.

It is the body of the stomach that bears the HCl-secreting parietal cells.
The antrum secretes the enzyme gastrin and its secretion is alkaline.

The thickened pyloric sphincter is easily felt and surrounds the lumen of
the pyloric canal. The pyloric sphincter is an anatomical structure as well as
a physiological mechanism. The cardia, on the other hand, although
competent (gastric contents do not flow out of your mouth if you stand on
your head), is not demarcated by a distinct anatomical sphincter. The exact
nature of the cardiac sphincter action is still not fully understood, but
the following mechanisms have been suggested, each supported by some
experimental and clinical evidence.

1 Mucosal folds at the oesophagogastric junction act as a valve.

2 The acute angle of entry of the oesophagus into the stomach produces a
valve-like effect.

3 The circular muscle of the lower oesophagus is a physiological, as dis-
tinct from an anatomical, sphincter.

4 The arrangement of the muscle fibres of the stomach around the cardia
either acts as a sphincter or else maintains the acute angle of entry of the
oesophagus into the stomach.

Cardia

Fundus

Incisura angularis ——

Pyloric sphincter — ——Body

—— Pyloric antrum
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5 The right crus of the diaphragm acts as a ‘pinch-cock’ to the lower
oesophagus as it pierces this muscle.

6 The positive intra-abdominal pressure compresses the walls of the short
segment of the intra-abdominal oesophagus.

Relations (Fig. 50)

o Anteriorly — the abdominal wall, the left costal margin, the diaphragm
and the left lobe of the liver.

e Posteriorly — the lesser sac, which separates the stomach from the
pancreas, transverse mesocolon, left kidney, left suprarenal, the spleen
and the splenic artery.

e Superiorly — the left dome of the diaphragm.

The lesser omentum is attached along the lesser curvature of the stom-
ach; the greater omentum along the greater curvature. These omenta con-
tain the vascular and lymphatic supply of the stomach.

The arterial supply (Fig. 51) to the stomach is extremely rich and
comprises:

o the left gastric artery — from the coeliac axis;

e the right gastric artery — from the hepatic artery;

o the right gastro-epiploic artery — from the gastroduodenal branch of the
hepatic artery;

o the left gastro-epiploic artery — from the splenic artery;

o the short gastric arteries — from the splenic artery.

The corresponding veins drain into the portal system.

The lymphatic drainage of the stomach accompanies its blood vessels. The
stomach can be divided into three drainage zones (Fig. 52).

e Area I — the superior two-thirds of the stomach drain along the left and
right gastric vessels to the aortic nodes.

e Area II — the right two-thirds of the inferior one-third of the stomach
drain along the right gastro-epiploic vessels to the subpyloric nodes and
thence to the aortic nodes.

Fig. 50 The posterior
relations of the stomach;
the stomach (indicated
by the dashed line) is
superimposed upon

its bed.
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Fig. 51 The arterial supply of the stomach.

Aortic nodes

Suprapancreatic nodes —

Subpyloric nodes

Fig. 52 The lymphatic drainage of the stomach.

* AreaI drains along the right and left gastric vessels to the aortic nodes.

e Area II drains to the subpyloric and thence aortic nodes via lymphatics along the
right gastro-epiploic vessels.

e Area III drains via lymphatics along the splenic vessels to the suprapancreatic
nodes and thence to the aortic nodes.

o Area III - the left one-third of the greater curvature of the stomach drains
along the short gastric and splenic vessels lying in the gastrosplenic
and splenorenal ligaments, then, via the suprapancreatic nodes, to the
aortic group.

This extensive lymphatic drainage and the technical impossibility of its
complete removal is one of the serious problems in dealing with stomach
cancer. Involvement of the nodes along the splenic vessels can be dealt
with by removing the spleen, the gastrosplenic and splenorenal ligaments
and the body and tail of the pancreas. Lymph nodes among the gastroepi-
ploic vessels are removed by excising the greater omentum. However,
involvement of the nodes around the aorta and the head of the pancreas
may render the growth incurable.
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The vagal supply to the stomach (Fig. 53)

The anterior and posterior vagi enter the abdomen through the oesopha-
geal hiatus. The anterior nerve lies close to the stomach wall but the poste-
rior, and larger, nerve is at a little distance from it. The anterior vagus
supplies branches to the cardia and lesser curve of the stomach and also a
large hepatic branch. The posterior vagus gives branches to both the ante-
rior and posterior aspects of the body of the stomach but the bulk of the
nerve forms the coeliac branch. This runs along the left gastric artery to the
coeliac ganglion for distribution to the intestine, as far as the mid-trans-
verse colon, and the pancreas.

The exact means by which the vagal fibres reach the stomach is of con-
siderable practical importance to the surgeon. The gastric divisions of both
the anterior and posterior vagi reach the stomach at the cardia and descend
along the lesser curvature between the anterior and posterior peritoneal
attachments of the lesser omentum (the anterior and posterior nerves of
Latarjet). The stomach is innervated by terminal branches from the ante-
rior and posterior gastric nerves and it is, therefore, possible to divide
those branches that supply the acid-secreting body of the stomach and yet
preserve the pyloric innervation (highly selective vagotomy).

The vagus constitutes the motor and secretory nerve supply for the
stomach. When divided, in the operation of vagotomy, the neurogenic

Fig. 53 The vagal
supply to the stomach:
(a) anterior vagus;

(b) posterior vagus.
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(reflex) gastric acid secretion is abolished but the stomach is, at the same
time, rendered atonic so that it empties only with difficulty; because of
this, total vagotomy must always be accompanied by some sort of drain-
age procedure, either a pyloroplasty (to enlarge the pyloric exit and render
the pyloric sphincter incompetent) or a gastrojejunostomy (to drain the
stomach into the proximal small intestine). Drainage can be avoided if the
nerve of Latarjet is preserved, thus maintaining the innervation and func-
tion of the pyloric antrum (highly selective vagotomy).

CLINICAL FEATURES

1 A posterior gastric ulcer or cancer may erode the pancreas, giving pain
referred to the back. Ulceration into the splenic artery — a direct posterior
relation — may cause torrential haemorrhage.

2 There may be adhesions across the lesser sac that bring the transverse
mesocolon into intimate relationship with the stomach or greater
omentum. In these circumstances, the middle colic vessels are in danger
of damage during mobilization of the stomach for gastrectomy.

3 Radiology of the stomach (Fig. 54). A plain erect film of the abdomen reveals
a bubble of air below the left diaphragm; this is gas in the stomach fun-
dus. After the subject has swallowed radio-opaque contrast fluid, for
example barium sulphate, the stomach can be seen and its position,
movements and outline studied. The wide variations in the position and
shape of the stomach that we have already mentioned have come to light
principally as a result of such investigations.

By tipping the subject head-down, the opaque meal can be made to
impinge against the cardia; incompetence of this sphincter mechanism
will be demonstrated by seeing barium regurgitate into the oesophagus.

Fundic air bubble

Duodenal cap

Pyloric sphincter . .
-Incisura angularis

Antrum

Fig. 54 Tracing of a barium meal radiograph of the stomach.
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4 Gastroscopy. The mucosa of the air-inflated stomach can be inspected in
the living subject through the gastroscope. With the modern fibreoptic
instrument the whole of the gastric mucosa can be viewed, the duode-
num examined, and the common bile duct and the pancreatic duct
cannulated for retrograde contrast-enhanced radiological study.

The duodenum

The duodenum curves in a C around the head of the pancreas and is 25cm
(10in) long. At its origin from the pylorus it is completely covered with
peritoneum for approximately 2.5cm (1in), but then becomes a retroperi-
toneal organ, only partially covered by serous membrane.

Relations (Figs 55, 56)

For descriptive purposes, the duodenum is divided into four sections.

The first part (5cm (2in)) ascends from the gastroduodenal junction,
overlapped by the liver and gall bladder. Immediately posterior to it lie the
portal vein, common bile duct and gastroduodenal artery, which separate
it from the inferior vena cava.

Aorta giving off coeliac axis .
Left gastric artery

Splenic artery

Common hepatic artery

Inferior vena cava
Portal vein
Common bile duct

Right kidney

i Pancr
Hepatic flexure ancreas

Superior mesenteric

Fig. 55 The relations of
vessels

the duodenum.

Main pancreatic
duct (Wirsung)

Common bile duct

Accessory
pancreatic
duct

(Santorini) Superior mesenteric

vessels Fig. 56 The duodenum

and pancreas dissected
to show the pancreatic
ducts and their orifices.

Duodenal papilla
Opened duodenum
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The second part (7.5cm (3in)) descends in a curve around the head of
the pancreas. It is crossed by the transverse colon and lies on the right kid-
ney and ureter. Halfway along, its posteromedial aspect enters the com-
mon opening of the bile duct and the main pancreatic duct (of Wirsung) onto
an eminence called the duodenal papilla. This common opening is guarded
by the sphincter of Oddi. The accessory pancreatic duct (of Santorini) opens into
the duodenum a little above the papilla.

The third part (10cm (4in)) runs transversely to the left, crossing the
inferior vena cava, the aorta and the third lumbar vertebra. It is itself
crossed anteriorly by the root of the mesentery and the superior mesenteric
vessels. Its upper border hugs the pancreatic head.

The fourth part (2.5cm (1in)) ascends upwards and to the left to end at
the duodenojejunal junction. It is surprisingly easy for the surgeon to con-
fuse this with the ileocaecal junction, a mistake which may be disastrous.
He confirms the identity of the duodenal termination by the presence of the
suspensory ligament of Treitz, which is a well-marked peritoneal fold descend-
ing from the right crus of the diaphragm to the duodenal termination, and
by visualizing the inferior mesenteric vein, which descends from behind
the pancreas immediately to the left of the duodenojejunal junction.

Blood supply

The superior pancreaticoduodenal artery arises from the gastroduodenal
artery; the inferior pancreaticoduodenal artery originates as the first
branch of the superior mesenteric artery. These vessels both lie in the curve
between the duodenum and the head of the pancreas, supplying both
structures. Interestingly, their anastomosis represents the site of the
junction of the foregut (supplied by the coeliac artery) and the midgut
(supplied by the superior mesenteric artery), at the level of the duodenal
papilla (see page 80 and Fig. 56).

CLINICAL FEATURES

1 The first part of the duodenum is overlapped by the liver and gall
bladder, either of which may adhere to, or even be eroded by, a duodenal
ulcer. Moreover, a gallstone may be extruded from the fundus of a
chronically inflamed gall bladder into the duodenum. The gallstone may
then impact in the lower ileum as it traverses the gut to produce intestinal
obstruction (gallstone ileus).

2 The pancreas, as the duodenum’s most intimate relation, is readily
invaded by a posterior duodenal ulcer. This should be suspected if the
patient’s pain radiates into the dorsolumbar region. Erosion of the
gastroduodenal artery by such an ulcer results in severe haemorrhage.

3 Extensive dissection of a duodenum, scarred by severe ulceration, may
damage the common bile duct, which passes behind the first part of the
duodenum approximately 2.5cm (1in) from the pylorus.
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4 The hepatic flexure of the colon crosses the second part of the duodenum
and the latter may be damaged during a right hemicolectomy. Similarly,
the right kidney lies directly behind this part of the duodenum, which
may be injured in performing a right nephrectomy.

5 Radiology of the duodenum. Within a few minutes of swallowing a barium
meal, the first part of the duodenum becomes visible as a triangular
shadow termed the duodenal cap. Every few seconds the duodenum con-
tracts, emptying this cap, which promptly proceeds to fill again. It is in
this region that the great majority of duodenal ulcers occur; an actual
ulcer crater may be visualized, filled with barium, or deformity of the
cap, produced by scar tissue, may be evident. The rest of the duodenum
can also be seen, the shadow being floccular owing to the rugose arrange-
ment of the mucosa.

6 Mobilization of the duodenum, together with the head of the pancreas and
termination of the common bile duct, is performed by incising the
peritoneum lateral to the second part of the duodenum and developing
the avascular plane between these structures and the posterior abdomi-
nal wall — Kocher’s manoeuvre (see also page 96).

Small intestine

The length of the small intestine varies from 3 to 10m (10-33 feet) in
different subjects; the average is some 6.5m (24 feet). Resection of up to
one-third or even half of the small intestine is compatible with a perfectly
normal life, and survival has been reported with only 45cm (18in) of small
intestine preserved.

The mesentery of the small intestine has a 15c¢cm (6in) origin from the pos-
terior abdominal wall, which commences at the duodenojejunal junction to
the left of the 2nd lumbar vertebra, and passes obliquely downwards to the
right sacro-iliac joint; it contains the superior mesenteric vessels, the lymph
nodes draining the small gut and autonomic nerve fibres.

The upper half of the small intestine is termed the jejunum; the remain-
der is the ileum. There is no sharp distinction between the two and this
division is a conventional one only. The bowel does, however, change its
character from above downwards, the following points enabling the
surgeon to determine the level of a loop of small intestine at operation.

1 The jejunum has a thicker wall as the circular folds of mucosa (valvulae
conniventes) are larger and thicker more proximally.

2 The proximal small intestine is of greater diameter than the distal.

3 The jejunum tends to lie at the umbilical region; the ileum in the
suprapubic region and pelvis.

4 The mesentery becomes thicker and more fat-laden from above
downwards.

5 The mesenteric vessels form only one or two arcades to the jejunum,
with long and relatively infrequent terminal branches passing to the gut



Fig. 57 The simple
arterial arcades of the
jejunum (a) compared
with the complex arcades
of the ileum (b).

The gastrointestinal tract 83

(a) Jejunum (b) lleum

wall. The ileum is supplied by shorter and more numerous terminal
vessels arising from complete series of three, four or even five arcades
(Fig. 57).

Large intestine

The large intestine is subdivided, for descriptive purposes, into:
* caecum with the appendix vermiformis;

e ascending colon (12-20cm (5-8in));

* hepatic flexure;

e transverse colon (45cm (18in));

e splenic flexure;

¢ descending colon (22-30cm (9-12in));

e sigmoid colon (12-76 cm (5-30in), average 38 cm (15in));

e rectum (12cm (5in));

e anal canal (4cm (1.5in)).

The large bowel may vary considerably in length in different subjects;
the average is approximately 1.5m (5 feet).

The colon (but not the appendix, caecum or rectum) bears characteristic
fat-filled peritoneal tags called appendices epiploicae scattered over its sur-
face. These are especially numerous in the sigmoid colon. Their function, if
any, is obscure but they may undergo torsion, which is an unusual cause of
acute abdominal pain.

The colon and caecum (but not the appendix or rectum) are marked by
the taeniae coli. These are three flattened bands commencing at the base of
the appendix and running the length of the large intestine to end at the
rectosigmoid junction. They represent the great bulk of the longitudinal
muscle of the large bowel; because the taeniae are approximately 30cm
(12in) shorter than the gut to which they are attached, the colon becomes
condensed into its typical sacculated shape. These sacculations may be
seen in a plain radiograph of the abdomen when the large bowel is dis-
tended and appear as incomplete septa projecting into the gas shadow. The
radiograph of distended small intestine, in contrast, characteristically has
complete transverse lines across the bowel shadow owing to the transverse
mucosal folds of the valvulae conniventes.
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Peritoneal attachments

The transverse colon and sigmoid are completely peritonealized (the for-
mer being readily identified by its attachment to the greater omentum). The
ascending and descending colon have no mesocolon but adhere directly to
the posterior abdominal wall (although exceptionally the ascending colon
may have a mesocolon). The caecum may or may not be completely perito-
nealized, and the appendix, although usually free within its own mesen-
tery, occasionally lies extraperitoneally behind the caecum and ascending
colon or adheres to the posterior wall of these structures.

The rectum is extraperitoneal on its posterior aspect in its upper third,
posteriorly and laterally in its middle third and completely extraperitoneal
in its lower third as it sinks below the pelvic peritoneum.

The appendix

The appendix arises from the posteromedial aspect of the caecum approxi-
mately 2.5cm (1in) below the ileocaecal valve; its length ranges from
1.25cm (0.5in) to 22cm (9in). In the fetus it is a direct outpouching of the
caecum, but differential overgrowth of the lateral caecal wall results in its
medial displacement.

The position of the appendix is extremely variable — more so than that of
any other organ (Fig. 58). Most frequently (75% of cases) the appendix lies
behind the caecum. The appendix is usually quite free in this position,
although occasionally it lies beneath the peritoneal covering of the caecum.
If the appendix is very long, it may actually extend behind the ascending
colon and abut against the right kidney or the duodenum; in these cases,
its distal portion lies extraperitoneally.

In approximately 20% of cases, the appendix lies just below the caecum
or else hangs down into the pelvis. Less commonly, it passes in front of or
behind the terminal ileum, or lies in front of the caecum or in the right
paracolic gutter.

Along appendix has been known to ulcerate into the duodenum or per-
forate into the left paracolic gutter. It may well be said that ‘the appendix is
the only organ in the body that has no anatomy’.

Retrocolic and _Retro-ileal and
retrocaecal 75% — pre-ileal 5%

_Subcaecal and
pelvic 20%

Fig. 58 The positions in
which the appendix may
lie, together with their
approximate incidence.



Fig. 59 The blood supply
of the appendix.
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The mesentery of the appendix, containing the appendicular branch of
the ileocolic artery, descends behind the ileum as a triangular fold (Fig. 59).
Another peritoneal sheet, the ileocaecal fold, passes to the appendix or to the
base of the caecum from the front of the ileum. The ileocaecal fold is termed
the bloodless fold of Treves although, in fact, it often contains a vessel and,
if cut, proves far from bloodless.

CLINICAL FEATURES

1 The lumen of the appendix is relatively wide in the infant and is

frequently completely obliterated in the elderly. Since obstruction of the
lumen is the usual precipitating cause of acute appendicitis it is not
unnatural, therefore, that appendicitis should be uncommon at the two
extremes of life.
The appendicular artery represents the entire vascular supply of the
appendix. It runs first in the edge of the appendicular mesentery and
then, distally, along the wall of the appendix. Acute infection of the
appendix may result in thrombosis of this artery with rapid development
of gangrene and subsequent perforation. This is in contrast to acute
cholecystitis, where the rich collateral vascular supply from the liver bed
ensures the rarity of gangrene of the gall bladder even if the cystic artery
becomes thrombosed.
Appendicectomy is usually performed through a muscle-splitting incision
in the right iliac fossa (see “The anatomy of abdominal incisions’, page
65). The caecum is delivered into the wound and, if the appendix is not
immediately visible, it is located by tracing the taeniae coli along the
caecum - they fuse at the base of the appendix. When the caecum is
extraperitoneal it may be difficult to bring the appendix up into the
incision; this is facilitated by first mobilizing the caecum by incising the
almost avascular peritoneum along its lateral and inferior borders.

The appendix mesentery, containing the appendicular vessels, is
firmly tied and divided, the appendix base tied, the appendix removed
and its stump invaginated into the caecum.




86 The abdomen and pelvis

The rectum

The rectum is 12cm (5in) in length. It commences anterior to the third
segment of the sacrum and ends at the level of the apex of the prostate or,
in the female, at the level of the lower end of the intrapelvic vagina, where
it pierces levator ani and leads into the anal canal.

The rectum is straight in lower mammals (hence its name) but is curved
in man to fit into the sacral hollow. Moreover, it presents, externally, a
series of three lateral inflexions, marked on the inside by the valves of
Houston, projecting left, right and left from above downwards.

Relations (Figs 60, 61)

The main relations of the rectum are important. They must be kept in
mind when carrying out a rectal examination. They provide the key to
the local spread of rectal growths and they are important in surgical
resection of the rectum.

Posteriorly lie the sacrum and coccyx and the middle sacral artery, which
are separated from it by extraperitoneal connective tissue containing the
rectal vessels and lymphatics. The lower sacral nerves, emerging from the
anterior sacral foramina, may be involved by growth spreading posteriorly
from the rectum, resulting in severe sciatic pain.

Anteriorly, the upper two-thirds of the rectum are covered by perito-
neum and relate to coils of small intestine which, in the female, lie in the
cul-de-sac of the pouch of Douglas between the rectum and the uterus.
In front of the lower one-third lie the prostate, bladder base and seminal
vesicles in the male, or the vagina in the female. A layer of fascia
(Denonvilliers) separates the rectum from the anterior structures and forms
the plane of dissection which must be sought when performing excision
of the rectum.

Laterally, the rectum is supported by the levator ani.

Sacral
promontory
Bladder
Symphysis Seminal vesicle
pubis Rectum
Fascia of
Prostate Denonvilliers
Anal
sphincter

Fig. 60 Sagittal section
of the rectum and

its related viscera in
the male.



Fig. 61 Sagittal section
of the rectum and

its related viscera in
the female.

Fig. 62 The sphincters of
the anus.
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The anal canal (Fig. 62)

The anal canal is 4cm (1.5in) long and is directed downwards and
backwards from the rectum to end at the anal orifice. The mid-anal canal
represents the junction between the endoderm of the hindgut and the
ectoderm of the cutaneous invagination termed the proctodaeum. Failure

of breakdown of the separating membrane results in imperforate anus.

1 The lower half is lined by squamous epithelium and the upper half

by columnar epithelium; the latter presents vertical columns of mucosa
(the columns of Morgagni) connected at their distal extremities by valve-
like folds (the walves of Ball). A carcinoma of the upper anal canal is
thus an adenocarcinoma, whereas that arising from the lower part is a
squamous tumour.

2 The blood supply of the upper half of the anal canal is from the superior

rectal artery, derived from the inferior mesenteric artery (see Fig. 64),
and its corresponding superior rectal vein, which drains into the inferior
mesenteric vein, which, in turn, enters the splenic vein and thus drains
into the portal vein (see Fig. 65). In contrast, the blood supply of the
lower anal canal and the surrounding perianal skin is from the inferior
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rectal vessels, derived from the internal pudendal and, ultimately, the
internal iliac artery and vein. The two venous systems communicate and
therefore form one of the anastomoses between the portal and systemic
venous systems.

3 The lymphatics above this mucocutaneous junction drain along the
superior rectal vessels to the lumbar nodes, whereas, below this line,
drainage is to the inguinal nodes. A carcinoma of the rectum that invades
the lower anal canal may thus metastasize to the groin nodes.

4 The nerve supply to the upper anal canal is via the autonomic plexuses;
the lower part is supplied by the somatic inferior rectal nerve, a terminal
branch of the pudendal nerve (see Fig. 97b). (The lower canal is therefore
sensitive to the prick of a hypodermic needle, whereas injection of an
internal haemorrhoid with sclerosant fluid, by passing a needle through
the mucosa of the upper part of the canal, is painless.)

The anal sphincter

Forming the walls of the anal canal is a rather complicated muscle
arrangement which constitutes a powerful sphincter mechanism (Fig. 62).
This comprises:

e the internal anal sphincter, of involuntary muscle, which continues above
with the circular muscle coat of the rectum;

the external anal sphincter, of voluntary muscle, which surrounds the inter-
nal sphincter and which extends further downwards and curves medially
to occupy a position below and slightly lateral to the lower rounded edge
of the internal sphincter, close to the skin of the anal orifice. The lower-
most, or subcutaneous, portion of the external sphincter is traversed by a
fan-shaped expansion of the longitudinal muscle fibres of the anal canal
that continue above with the longitudinal muscle of the rectal wall. At its
upper end the external sphincter fuses with the fibres of levator ani.

In carrying out a digital rectal examination, the ring of muscle on which
the flexed finger rests just over 2.5cm (1in) from the anal margin is the
anorectal ring. This represents the deep part of the external sphincter where
this blends with the internal sphincter and levator ani, and demarcates the
junction between the anal canal and the rectum.

The anal canal is related posteriorly to the fibrous tissue between it and
the coccyx (the anococcygeal body), laterally to the ischio-anal fossa on either
side, containing fat, and anteriorly to the perineal body, which separates it
from the bulb of the urethra in the male and the lower vagina in the female.
Note that the ischiorectal fossa is now often referred to, more accurately, as
the ischio-anal fossa — it relates to the anal canal rather than the rectum.

Rectal examination

The following structures can be palpated by the finger passed per rectum in

the normal patient:

1 both sexes — the anorectal ring (see previous section), coccyx and sacrum,
ischio-anal fossae, ischial spines;

2 male — prostate, rarely the healthy seminal vesicles;

3 female — perineal body, cervix, occasionally the ovaries.
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Abnormalities which can be detected include:

1 within the lumen — faecal impaction, foreign bodies;

2 in the wall — rectal growths, strictures, granulomata, etc., but not haemor-
rhoids unless these are thrombosed;

3 outside the rectal wall — pelvic bony tumours, abnormalities of the
prostate or seminal vesicle, distended bladder, uterine or ovarian
enlargement, collections of fluid or neoplastic masses in the pouch of
Douglas.

Do not be deceived by foreign objects placed in the vagina. The com-
monest are a tampon or a pessary.

During parturition, dilatation of the cervical os can be assessed by rectal
examination since it can be felt quite easily through the rectal wall.

CLINICAL FEATURES

Haemorrhoids

Haemorrhoids (piles) are sustained, pathological engorgements of the
submucosal arteriovenous cushions that are normally present in the upper
half of the anal canal. Initially contained within the anal canal (1st degree),
they gradually enlarge until they prolapse on defecation (2nd degree) and
finally remain prolapsed through the anal orifice (3rd degree). Anatomically,
each pile comprises: a venous plexus draining into one of the superior
rectal veins; terminal branches of the corresponding superior rectal artery;
and a covering of anal canal mucosa and submucosa. There are arteriovenous
anastomoses between the vessels, since bleeding from piles is
characteristically bright red. The so-called ‘thrombosed external pile’ is a
small tense haematoma at the anal margin caused by rupture of a
subcutaneous vein and is much better termed a perianal haematoma.

Perianal abscesses (Fig. 63)

These may be localized beneath the anal mucosa (submucous), be beneath
perianal skin (subcutaneous) or occupy the ischio-anal fossa. Occasionally,
abscesses lie in the pelvirectal space above levator ani, alongside the
rectum, in an extraperitoneal location.

Fistulae (Fig. 63)
Anal fistulae usually result from rupture of perianal abscesses. They are
classified anatomically and may be:
* submucous — confined to the tissues immediately below the anal mucosa;
* subcutaneous — confined to the perianal skin;
e low level — passing through the lower part of the superficial sphincter
(most common);
* high level — passing through the deeper part of the superficial sphincter;
e anorectal —which has its track passing above the anorectal ring and which
may or may not open into the rectum.
In laying open fistulae in ano, it is essential to preserve the anorectal ring
if faecal incontinence is to be avoided. The lower part of the sphincter, on
the other hand, can be divided quite safely without this risk.
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Fig. 63 The anatomy of perianal fistulae and abscesses.

Fissure in ano

This is a tear in the anal mucosa; over 90% occur posteriorly in the midline.
The anatomical basis for this probably lies in the insertion of the superficial
component of the external anal sphincter posteriorly into the coccyx;
between the two limbs of the ‘V’ thus formed, the mucosa is relatively
unsupported and may therefore be torn by a hard faecal mass at this site.

Arterial supply of the intestine

The alimentary tract develops from the fore-, mid- and hindgut; the arte-

rial supply to each is discrete, although anastomosing with its neighbour.

The foregut comprises the stomach and duodenum as far as the entry of

the bile duct and is supplied by branches of the coeliac axis, which arises

from the aorta at the T12 vertebral level (Fig. 51). The midgut extends
from mid-duodenum to the distal transverse colon and is supplied by the
superior mesenteric artery (Fig. 64) arising from the aorta at the level of L1.

Its branches are:

1 the inferior pancreaticoduodenal artery;

2 jejunal and ileal branches — supplying the bulk of the small intestine;

3 the ileocolic artery — supplying the terminal ileum, caecum and the
commencement of the ascending colon and giving off an appendicular
branch to the appendix; the latter branch is the most commonly ligated
intra-abdominal artery;

4 the right colic artery — supplying the ascending colon;

5 the middle colic artery — supplying the transverse colon.

The hindgut receives its supply from the inferior mesenteric artery (Fig. 64),
arising from the aorta at L3 and giving the following branches:

1 the left colic artery — supplying the descending colon;

2 the sigmoid branches — supplying the sigmoid;

3 the superior rectal artery — supplying the rectum.
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Fig. 64 The superior and inferior mesenteric arteries and their branches.

Each branch of the superior and inferior mesenteric artery anastomoses
with its neighbour above and below so that there is, in fact, a continuous
vascular arcade along the whole length of the gastrointestinal canal.

The portal system of veins

The portal venous system drains blood to the liver from the abdominal
part of the alimentary canal (excluding the anal canal), the spleen, the
pancreas and the gall bladder and its ducts.

The distal tributaries of this system correspond to, and accompany,
the branches of the coeliac and the superior and inferior mesenteric
arteries enumerated previously; only proximally (Fig. 65) does the arrange-
ment differ.

The inferior mesenteric vein ascends above the point of origin of its artery
to enter the splenic vein behind the pancreas.

The superior mesenteric vein joins the splenic vein behind the neck of the
pancreas in the transpyloric plane to form the portal vein, which ascends
behind the first part of the duodenum into the anterior wall of the foramen
of Winslow and thence to the porta hepatis. Here the portal vein divides
into right and left branches and breaks up into capillaries running between
the lobules of the liver. These capillaries drain into the radicles of the
hepatic vein through which they empty into the inferior vena cava.

Connections between the portal and systemic
venous systems

Normally, portal venous blood traverses the liver as described previously
and empties into the systemic venous circulation via the hepatic vein and
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inferior vena cava. This pathway may be blocked by a variety of causes,

which are classified into:

e prehepatic, e.g. thrombosis or congenital obliteration of the portal vein;

* hepatic, e.g. cirrhosis of the liver;

* posthepatic, e.g. congenital stenosis of the hepatic veins.

If obstruction from any of these causes occurs, the portal venous pres-
sure rises (portal hypertension) and collateral pathways open up between
the portal and systemic venous systems.

These communications are:

1 between the oesophageal branch of the left gastric vein and the oesoph-
ageal veins of the azygos system (these oesophageal varices are the cause
of the severe haematemeses that may occur in portal hypertension);

2 between the superior rectal branch of the inferior mesenteric vein and
the inferior rectal veins draining into the internal iliac vein via its inter-
nal pudendal tributary;

3 between the portal tributaries in the mesentery and mesocolon and the
retroperitoneal veins communicating with the renal, lumbar and
phrenic veins;

4 between the portal branches in the liver and the veins of the abdominal
wall via veins passing along the falciform ligament from the umbilicus
(which may result in the formation of a cluster of dilated veins which
radiate from the navel and which are called the caput medusae);

5 between the portal branches in the liver and the veins of the diaphragm
across the bare area of the liver.

A striking feature of operations upon patients with portal hypertension
is the extraordinary dilatation of every available channel between the two
systems that renders such procedures tedious and bloody.

Fig. 65 The composition
of the portal system.
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Fig. 66 Lymph nodes of the large intestine.

Lymphatic drainage of the intestine (Fig. 66)

The arrangement of lymph nodes is relatively uniform throughout the
small and large intestine. Numerous small nodes lying near, or even on,
the bowel wall drain to intermediately placed and rather larger nodes
along the vessels in the mesentery or mesocolon and thence to clumps of
nodes situated near the origins of the superior and inferior mesenteric
arteries. From these, efferent vessels link up to drain into the cisterna chyli.

The lymphatic drainage field of each segment of bowel corresponds
fairly accurately to its blood supply. High ligation of the vessels to the
involved segment of bowel with removal of a wide surrounding segment
of mesocolon will, therefore, remove the lymph nodes draining the area.
Division of the middle colic vessels and a resection of a generous wedge of
transverse mesocolon, for example, would be performed for a growth of
transverse colon.

The structure of the alimentary canal

The alimentary canal is made up of mucosa demarcated by the muscularis
mucosae from the submucosa, the muscle coat and the serosa — the last being
absent where the gut is extraperitoneal.

The oesophageal mucosa and that of the lower anal canal is stratified
squamous epithelium; elsewhere, it is columnar. At the cardio-oesopha-
geal junction this transition is quite sharp, although occasionally columnar
epithelium may line the lower oesophagus.

The gastric mucosa bears simple crypt-like glands projecting down to
the muscularis mucosae. The pyloric antrum secretes an alkaline juice
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containing mucus and the hormone gastrin. The body of the stomach
secretes pepsin and also HCI, the latter from the oxyntic cells lying
sandwiched deeply between the surface cells. The stomach mucosa also
produces intrinsic factor.

The mucosa of the duodenum and small intestine, as well as bearing
crypt-like glands, projects into the bowel lumen in villous processes which
greatly increase its surface area. The duodenum is distinguished by its
crypts extending deep through the muscularis mucosae and opening into
an extensive system of acini in the submucosa termed Brunner’s glands.

The mucosa of the large intestine is lined almost entirely by mucus-
secreting goblet cells; there are no villi.

The muscle coat of the alimentary tract is made up of an inner circular
layer and an outer longitudinal layer. In the upper two-thirds of the
oesophagus and at the anal margin this muscle is voluntary; elsewhere it is
involuntary. The stomach wall is reinforced by an innermost oblique coat
of muscle and the colon is characterized by the condensation of its longitu-
dinal layer into three faeniae coli.

The autonomic nerve plexuses of Meissner and Auerbach lie, respec-
tively, in the submucosal layer and between the circular and longitudinal
muscle coats.

The development of the intestine and its
congenital abnormalities (Fig. 67)

The primitive endodermal tube of the gut is divided into:

1 the foregut (supplied by the coeliac axis) extending as far as the entry of
the bile duct into the duodenum;

2 the midgut (supplied by the superior mesenteric artery) continuing as
far as the distal transverse colon;

3 the hindgut (supplied by the inferior mesenteric artery) extending
thence to the ectodermal part of the anal canal.

At an early stage rapid proliferation of the gut wall obliterates its lumen
and this is followed by subsequent recanalization.

The foregut becomes rotated with the development of the lesser sac so
that the original right wall of the stomach comes to form its posterior
surface and the left wall its anterior surface. The vagi rotate with the
stomach and therefore lie anteriorly and posteriorly to it at the oesopha-
geal hiatus.

This rotation swings the duodenum to the right and the mesentery of
this organ then blends with the peritoneum of the posterior abdominal
wall — this blending process is termed zygosis.

The midgut enlarges rapidly in the 5 week fetus, becomes too large to be
contained within the abdomen and herniates into the umbilical cord.
The apex of this herniated bowel is continuous with the vitello-intestinal
duct and the yolk sac, but this connection, even at this early stage of fetal
life, is already reduced to a fibrous strand.

The axis of this herniated loop of gut is formed by the superior mesen-
teric artery, which demarcates a cephalic and a caudal limb. The cephalic
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Fig. 67 Stages in rotation of the bowel. (a) The prolapsed midgut loop, seen in
lateral view. (b) The midgut returns to the abdomen. (c) The caecum descends to its
definitive position. Note the completion of stomach rotation with the formation of
the lesser sac (omental bursa).

element develops into the proximal small intestine; the caudal segment
differentiates into the terminal 62cm (2 feet) of ileum, the caecum
and the colon as far as the junction of the middle and left thirds of the
transverse colon.

A bud that develops on the caudal segment indicates the site of
subsequent formation of the caecum; it may well be that this bud delays
the return of the caudal limb in favour of the cephalic gut during the
subsequent reduction of the herniated bowel.

At 10 weeks this return of the bowel into the abdominal cavity com-
mences. The midgut loop first rotates anticlockwise through 90°.

The cephalic limb returns first, passing upwards and to the left into the
space left available by the bulky liver. In doing so, this midgut passes
behind the superior mesenteric artery (which thus comes to cross the third
part of the duodenum) and also pushes the hindgut — the definitive distal
colon — over to the left.

When the caudal limb returns, it lies in the only space remaining to it,
superficial to, and above, the small intestine with the caecum lying imme-
diately below the liver.
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The caecum then descends into its definitive position in the right iliac
fossa, dragging the colon with it. The transverse colon thus comes to lie in
front of the superior mesenteric vessels and the small intestine.

Finally, the mesenteries of the ascending and descending parts of the
colon blend with the posterior abdominal wall peritoneum by zygosis. This
embryological fusion of peritoneal surfaces is of major surgical impor-
tance. Thus, in mobilizing the right or left colon, an incision is made
along this avascular line of zygosis lateral to the bowel, allowing it to be
mobilized with its mesocolon and blood supply. In a similar fashion, the
duodenum, head of pancreas and termination of the common bile duct can
be mobilized bloodlessly by incising the peritoneum along the right border
of the duodenum - Kocher’s manoeuvre (see page 82). Further mobiliza-
tion of the third part of the duodenum, together with its second part and
the pancreas, allows exposure of the abdominal aorta as far proximally as
the level of its crossing by the left renal vein (see Fig. 108).

Numerous anomalies may occur in the highly complex developmental
process.

1 Atresia or stenosis of the bowel may result from failure of recanalization of
the lumen. Another cause of this may be damage to the blood supply to
the bowel within the fetal umbilical hernia with consequent ischaemic
changes. Imperforate anus — see page 87.

2 Meckel’s diverticulum represents the remains of the embryonic vitello-
intestinal duct (communication between the primitive midgut and yolk
sac) and is, therefore, always on the anti-mesenteric border of the bowel.
As an approximation to the truth it can be said to occur in 2% of subjects,
twice as often in males as in females, to be situated at 62cm (2 feet) from
the ileocaecal junction and to be 5cm (2in) long. In fact, it may occur
anywhere from 15cm (6in) to 3.5m (12 feet) from the terminal ileum and
may vary from a tiny stump to a 15cm (6in) long sac. Occasionally, the
diverticulum ends in a whip-like solid strand.

As well as a diverticulum — the commonest form — this duct may per-

sist as a fistula or band connecting the intestine to the umbilicus, as a

cyst hanging from the anti-mesenteric border of the ileum or as a ‘rasp-

berry tumour’ at the umbilicus, formed by the red mucosa of a persistent

umbilical extremity of the diverticulum pouting at the navel (Fig. 68).

The mucosa lining the diverticulum may contain islands of peptic epi-
thelium with oxyntic (acid secreting) cells. Peptic ulceration of adjacent
intestinal epithelium may then occur with haemorrhage or perforation.

3 The caecum may fail to descend; the peritoneal fold which normally
seals it in the right iliac fossa passes, instead, across the duodenum and
causes a neonatal intestinal obstruction. The mesentery of the small
intestine in such a case is left as a narrow pedicle, which allows volvulus
of the whole small intestine to occur (volvulus neonatorum).

4 Occasionally, reversed rotation occurs, in which the transverse colon
comes to lie behind the superior mesenteric vessels with the duodenum
in front of them; this may again be accompanied by extrinsic duodenal
obstruction due to a peritoneal fold.

5 Exomphalos is persistence of the midgut herniation at the umbilicus after
birth.
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The gastrointestinal adnexae:
liver, gall bladder and its ducts,
pancreas and spleen

The liver (Fig. 69)

This is the largest organ in the body. It is related by its domed upper
surface to the diaphragm, which separates it from the pleura, lungs,
pericardium and heart. Its postero-inferior (or visceral) surface overlaps
the abdominal oesophagus, the stomach and the duodenum, the hepatic
flexure of the colon and the right kidney and suprarenal, besides carrying
the gall bladder.

The liver is divided into a larger right and small left lobe, separated
superiorly by the falciform ligament and postero-inferiorly by an ‘H’-
shaped arrangement of fossae (Fig. 69b,c):

e anteriorly and to the right — the fossa for the gall bladder;

e posteriorly and to the right — the groove in which the inferior vena cava
lies embedded;

e anteriorly and to the left — the fissure containing the ligamentum teres;

e posteriorly and to the left — the fissure for the ligamentum venosum.

The cross-bar of the ‘H’ is the porta hepatis. Two subsidiary lobes are
marked out on the visceral aspect of the liver between the limbs of this
"H’ — the quadrate lobe in front and the caudate lobe behind.

The ligamentum teres is the obliterated remains of the left umbilical
vein which, in utero, brings blood from the placenta back into the fetus.
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The ligamentum venosum is the fibrous remnant of the fetal ductus venosus
which shunts oxygenated blood from this left umbilical vein to the inferior
vena cava, short-circuiting the liver. It is easy enough to realize, then, that
the grooves for the ligamentum teres, ligamentum venosum and inferior

Fig. 69 The liver and its
subdivisions. (a) Anterior
aspect. (b) Inferior
aspect. (c) The ‘H’".
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vena cava, representing as they do the pathway of a fetal venous trunk, are
continuous in the adult. See also “The fetal circulation’, page 42.

Lying in the porta hepatis (which is 5cm (2in) long) are:
1 the common hepatic duct — anteriorly and to the right;
2 the hepatic artery — anteriorly and to the left;
3 the portal vein — posteriorly.

As well as these, autonomic nerve fibres (sympathetic from the coeliac
axis and parasympathetic from the vagus), lymphatic vessels and lymph
nodes are found there.

Peritoneal attachments

The liver is enclosed in peritoneum except for a small posterior bare area,
demarcated by the peritoneum from the diaphragm reflected onto it as the
upper and lower layers of the coronary ligament. To the right, these fuse to
form the right triangular ligament.

The falciform ligament ascends to the liver from the umbilicus, somewhat
to the right of the midline, and bears the ligamentum teres in its free border.
The ligamentum teres passes into its fissure in the inferior surface of the
liver while the falciform ligament passes over the dome of the liver and
then divaricates. Its right limb joins the upper layer of the coronary
ligament and its left limb stretches out as the long narrow left triangular
ligament which, when traced posteriorly and to the right, joins the lesser
omentum in the upper end of the fissure for the ligamentum venosum.

The lesser omentum arises from the fissures of the porta hepatis and the
ligamentum venosum and passes as a sheet to be attached along the lesser
curvature of the stomach.

Structure

The liver is made up of lobules, each with a solitary central vein that is a
tributary of the hepatic vein, which, in turn, drains into the inferior vena
cava. In the spaces between the lobules, termed portal canals, lie branches
of the hepatic artery (bringing systemic blood) and the portal vein, both
of which drain into the central vein by means of sinusoids traversing
the lobule.

Branches of the hepatic duct also lie in the portal canals and receive fine
bile capillaries from the liver lobules.

Segmental anatomy

The gross anatomical division of the liver into a right and left lobe, demar-
cated by a line passing from the attachment of the falciform ligament on its
anterior surface to the fissures for the ligamentum teres and ligamentum
venosum on its posterior surface, is simply a gross anatomical descriptive
term with no morphological significance. Studies of the distribution of the
hepatic blood vessels and ducts have indicated that the true morphological
and physiological division of the liver is into right and left lobes demar-
cated by a plane that passes through the fossa of the gall bladder and the
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Fig. 70 The morphological right and left lobes of the liver shown separated by
the dotted line: (a) anterior and (b) inferior aspect. Note that the quadrate lobe is
morphologically a part of the left lobe while the caudate lobe belongs to both the
right and left lobes. (c) The further segmental divisions of the liver.

fossa of the inferior vena cava. Although these two lobes are not differenti-
ated by any visible line on the dome of the liver, each has its own arterial
and portal venous blood supply and separate biliary drainage. This mor-
phological division lies to the right of the gross anatomical plane and in
this the quadrate lobe comes to be part of the left morphological lobe of the
liver while the caudate lobe divides partly to the left and partly to the right
lobe (Fig. 70).

The right and left morphological lobes of the liver can be further subdi-
vided into a number of segments, four for each lobe (Fig. 70c). The student



Fig. 71 (a) Distribution
of hepatic arteries.

(b) Distribution of
hepatic biliary ducts.
Note that the quadrate
lobe is supplied
exclusively by the left
hepatic artery and
drained by the left
hepatic duct. The caudate
lobe is supplied by each.
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need not learn the details of these, but of course to the hepatic surgeon,
carrying out a partial resection of the liver, knowledge of these segments,
with their individual blood supply and biliary drainage, is of great
importance.

At the hilum of the liver, the hepatic artery, portal vein and bile duct
each divide into right and left branches and there is little or no anastomosis
between the divisions on the two sides (Fig. 71). From the region of the
porta hepatis, the branches pass laterally and spread upwards and
downwards throughout the liver substance, defining the morphological
left and right lobes.

The hepatic veins (Figs 70c, 72)

These veins are massive and their distribution is somewhat different
from that of the portal, hepatic arterial and bile duct systems already
described. There are three major hepatic veins, comprising a right, a cen-
tral and a left. These pass upwards and backwards to drain into the inferior
vena cava at the superior margin of the liver. Their terminations are
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Fig. 72 Liver split open to demonstrate the tributaries of the hepatic vein.

somewhat variable but usually the central hepatic vein enters the left
hepatic vein near its termination. In other specimens it may drain directly
into the cava. In addition, small hepatic venous tributaries run directly
backwards from the substance of the liver to enter the vena cava more dis-
tally to the main hepatic veins. Although these are not of great functional
importance they obtrude upon the surgeon during the course of a right
hepatic lobectomy.

The three principal hepatic veins have three zones of drainage corre-
sponding roughly to the right, the middle and the left thirds of the liver.
The plane defined by the falciform ligament corresponds to the boundary
of the zones drained by the left and middle hepatic veins. Unfortunately
for the surgeon, the middle hepatic vein lies just at the line of the princi-
pal plane of the liver between its right and left morphological lobes and
it is this fact which complicates the operation of right or left hepatic
resection (Fig. 72).

The biliary system (Fig. 73)

The right and left hepatic ducts fuse in the porta hepatis to form the common
hepatic duct (4cm (1.5in)). This joins with the cystic duct (4cm (1.5in)),
draining the gall bladder, to form the common bile duct (10cm (4in)).
The common bile duct commences approximately 2.5cm (1in) above the
duodenum, then passes behind it to open at a papilla on the medial aspect
of the second part of the duodenum. In this course the common duct
either lies in a groove in the posterior aspect of the head of the pancreas or
is actually buried in its substance.

As arule, the common duct termination joins that of the main pancreatic
duct (of Wirsung) in a dilated common vestibule, the ampulla of Vater,
whose opening in the duodenum is guarded by the sphincter of Oddi.
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Fig. 73 The gall bladder and its duct system. (The anterior wall of the second part
of the duodenum has been removed.)

Occasionally, the bile and pancreatic ducts open separately into the
duodenum.

The common hepatic duct and the supraduodenal part of the common
bile duct lie in the free edge of the lesser omentum, where they are related
as follows (Fig. 47):

e bile duct — anterior to the right;

e hepatic artery — anterior to the left;

e portal vein — posterior;

e inferior vena cava — still more posterior, separated from the portal vein by
the foramen of Winslow.

The gall bladder (Fig. 73)

The gall bladder normally holds approximately 50ml of bile and acts as a
bile concentrator and reservoir. It also secretes mucus from the goblet cells
in its wall. It lies in a fossa separating the right and quadrate lobes of the
liver and is related inferiorly to the duodenum and transverse colon. (An
inflamed gall bladder may occasionally ulcerate into either of these
structures.)

For descriptive purposes, the organ is divided into the fundus, body and
neck, the last opening into the cystic duct. In dilated and pathological gall
bladders there is frequently a pouch present on the ventral aspect just
proximal to the neck termed Hartmann’s pouch in which gallstones may
become lodged.
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Blood supply (Fig. 74)

The gall bladder is supplied by the cystic artery (a branch usually of the
right hepatic artery), which lies in the triangle made by the liver, the cystic
duct and the common hepatic duct (Calot’s triangle). Other vessels derived
from the hepatic artery pass to the gall bladder from its bed in the liver.
Interestingly, only rarely is there an accompanying vein to the cystic artery.
Small veins pass from the gall bladder through its bed directly into tribu-
taries of the right portal vein within the liver.

Nerve supply

The gall bladder and its ducts are supplied by afferent sympathetic (sen-
sory) fibres from T7 via the splanchnic nerves. Biliary pain is experienced
in the right upper abdomen and typically is referred to the lower pole of
the right scapula (see also page 423). Motor fibres are conveyed in the
hepatic branch of the anterior vagal trunk (Xth cranial nerve). Stimulation
of the vagus by the sight, smell and taste of food results in contraction of
the gall bladder.

Structure

The gall bladder wall and the sphincter of Oddi contain muscle, but there
are only scattered muscle fibres throughout the remaining biliary duct sys-
tem. The mucosa is lined throughout by columnar cells and bears mucus-
secreting glands.

Development

The gall bladder and ducts are subject to numerous anatomical variations
which are best understood by considering their embryological develop-
ment. A diverticulum grows out from the ventral wall of the duodenum
which differentiates into the hepatic ducts and the liver (see Fig. 76).
Another diverticulum from the side of the hepatic duct bud forms the gall
bladder and cystic duct.

Some variations are shown in Fig. 75.

Fig. 74 The arterial
supply of the gall
bladder and Calot’s
triangle.
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(b) (d)

Fig. 75 Some variations in biliary anatomy. (a) A long cystic duct joining the
hepatic duct low down behind the duodenum. (b) Absence of the cystic duct — the
gall bladder opens directly into the common hepatic duct. (c) A double gall
bladder, the result of a rare bifid embryonic diverticulum from the hepatic duct.
(d) The right hepatic artery crosses in front of the common hepatic duct; this
occurs in 25% of cases.

CLINICAL FEATURES

1

Errors in gall bladder surgery are frequently the result of failure to
appreciate the variations in the anatomy of the biliary system; it is
important, therefore, before dividing any structures and removing the
gall bladder, to have all three biliary ducts clearly identified, together
with the cystic and hepatic arteries. The cystic artery is constantly found
in Calot’s triangle (Fig. 74), formed by the cystic duct, the common
hepatic duct and the inferior aspect of the liver.

Haemorrhage during cholecystectomy may be controlled by compressing
the hepatic artery (which gives off the cystic branch) between the finger
and thumb where it lies in the anterior wall of the foramen of Winslow
(Pringle’s manoeuvre) (Fig. 47).

Gangrene of the gall bladder is rare because even if the cystic artery
becomes thrombosed in acute cholecystitis there is a rich secondary
blood supply coming in from the liver bed. Gangrene may occur in the
unusual event of a gall bladder on an abnormally long mesentery
undergoing torsion, which will destroy both its sources of blood supply.
Stones in the common duct can usually be removed endoscopically using
a Dormia basket introduced after dividing the sphincter of Oddi. At
other times, the common bile duct is explored via an incision in its
supraduodenal portion. Sometimes a stone impacted at the ampulla of
Vater must be approached via an incision in the second part of the
duodenum. This last approach is also used when it is necessary to divide
the sphincter of Oddi or to remove a tumour arising at the termination of
the common bile duct.
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The pancreas (Figs 55, 56)

The pancreas lies retroperitoneally in roughly the transpyloric plane.
For descriptive purposes it is divided into the head, neck, body and tail.

Relations

The head lies in the C-curve of the duodenum and sends out the uncinate
process, which hooks posteriorly to the superior mesenteric vessels as these
travel from behind the pancreas into the root of the mesentery.

Posteriorly lie the inferior vena cava, the commencement of the portal
vein, the aorta, the superior mesenteric vessels, the crura of the
diaphragm, the coeliac plexus, the left kidney and the suprarenal gland.
The tortuous splenic artery runs along the upper border of the pancreas.
The splenic vein runs behind the gland, receives the inferior mesenteric
vein and joins the superior mesenteric to form the portal vein behind the
pancreatic neck (Fig. 65).

To complete this list of important posterior relationships, the common
bile duct either lies in a groove in the right extremity of the gland or is
embedded in its substance, as it passes to open into the second part of
the duodenum.

Anteriorly lies the stomach separated by the lesser sac. To the left,
the pancreatic tail lies against the hilum of the spleen.

Blood supply

Blood is supplied from the splenic and the pancreaticoduodenal arteries;
the corresponding veins drain into the portal system.

The lymphatics

The lymphatics drain into nodes which lie along its upper border, in the
groove between its head and the duodenum, and along the root of the
superior mesenteric vessels.

Structure

The pancreas macroscopically is lobulated and is contained within a fine
capsule; these lobules are made up of alveoli of serous secretory cells
draining via their ductules into the principal ducts. Between these alveoli
lie the insulin-secreting islets of Langerhans.

The main duct of the pancreas (Wirsung) (Fig. 56) runs the length of the
gland and usually opens at the ampulla of Vater along with the common
bile duct; very occasionally, it drains separately into the duodenum.

The accessory duct (of Santorini) passes from the lower part of the head in
front of the main duct, communicates with it, and then opens into the
duodenum above it. Occasionally it is absent.
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Fig. 76 Development of the intestinal adnexae.

Development (Fig. 76)

The pancreas develops from a larger dorsal diverticulum from the duode-
num and a smaller ventral outpouching from the side of the common bile
duct. The ventral pouch swings round posteriorly to fuse with the lower
aspect of the dorsal diverticulum, trapping the superior mesenteric vessels
between the two parts.

The ducts of the two formative segments of the pancreas then communi-
cate; that of the smaller takes over the main pancreatic flow to form
the main duct, leaving the original duct of the larger portion of the gland
as the accessory duct.
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CLINICAL FEATURES

1 Rarely, the two developing segments of the pancreas completely
surround the second part of the duodenum (‘annular pancreas’) and may
produce duodenal obstruction.

2 Note from the posterior relations of the pancreas that a neoplasm of the
head of the pancreas will produce obstructive jaundice by compressing
the common bile duct. An extensive growth in the body of the gland may
cause portal or inferior vena caval obstruction.

3 Anterior to the pancreas lies the stomach, separated from it by the lesser
sac. This sac may become closed off and distended with fluid either from
perforation of a posterior gastric ulcer or from the outpouring of fluid in
acute pancreatitis, forming a pseudocyst of the pancreas. Such a collection
may almost fill the abdominal cavity.

The spleen

The spleen is approximately the size of the cupped hand. It forms the left
lateral extremity of the lesser sac. Passing from it are the gastrosplenic
ligament to the greater curvature of stomach (carrying the short gastric and
left gastro-epiploic vessels) and the splenorenal ligament to the posterior
abdominal wall (carrying the splenic vessels and the tail of the pancreas).

Relations (Fig. 77)

e Posteriorly — the left diaphragm, separating it from the pleura, left lung
and the 9th, 10th and 11th ribs.
* Anteriorly — the stomach.
e Inferiorly — the splenic flexure of the colon.
* Medially — the left kidney.
The tail of the pancreas abuts against the hilum of the spleen through
which vessels and nerves enter and leave this organ.

Blood supply

The splenic artery is one of the three main branches of the coeliac axis.
While the splenic artery appears perfectly straight in lower animals and
even the human infant, in human adults it is tortuous: the only artery to
display this feature within the body cavities. The splenic artery is thus
easily identified on an aortogram or enhanced CT, as it is the only tortu-
ous artery to be seen in the abdomen. The cause or significance of this is
unknown. The splenic vein is joined by the superior mesenteric to form
the portal vein. (Note that the splenic vessels are also the principal
source of blood supply to the pancreas. This important fact is often for-
gotten in the heat of an oral examination. It would be easier for candi-
datesif these vessels were more accurately named the ‘pancreatico-splenic
artery and vein’).
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Fig. 77 The spleen and its immediate relations.

Structure

The spleen represents the largest accumulation of reticulo-endothelial tis-
sue in the body. It has a thin fibrous capsule, to which the peritoneum
adheres intimately. The fibrous tissue of the capsule extends into the spleen
to form a series of trabeculae between which lies the splenic pulp.

CLINICAL FEATURES

1 In performing a splenectomy the close relationship of the pancreatic tail
to the hilum and splenic pedicle must be remembered; it is easily
wounded.

2 Note the close proximity of the lower ribs, the lowest part of the left lung
and pleural cavity, the left diaphragm, the left kidney and the spleen;
injuries to the left upper abdomen may damage any combination of these
structures. Similarly, a stab wound of the posterior left chest may
penetrate the diaphragm and tear the spleen. The spleen, with its thin
tense capsule, is the commonest intra-abdominal viscus to be ruptured
by blunt trauma.

3 Accessory spleens (one or more) may occur most commonly near the
hilum, but also in the tail of the pancreas, the mesentery of the spleen, the
omentum, the small bowel mesentery, the ovary and even the testis. They
occur in approximately one in ten subjects and, if left behind, may result
in persistence of symptoms following splenectomy for congenital
acholuric jaundice or thrombocytopenic purpura.
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The urinary tract
The kidneys

The kidneys lie retroperitoneally on the posterior abdominal wall; the
right kidney is 1.2cm (0.5in) lower than the left, presumably because of
its downward displacement by the bulk of the liver. Each measures approx-
imately 11 cm (4.5in) long, 6cm (2.5in) wide and 4cm (1.5in) thick.

Relations (Figs 78, 79)

e Posteriorly — the diaphragm (separating pleura), quadratus lumborum,
psoas, transversus abdominis, the 12th rib and three nerves — the subcos-
tal (T12), iliohypogastric and ilio-inguinal (L1).

 Anteriorly — the right kidney is related to the liver, the second part of
the duodenum (which may be opened accidentally in performing a
right nephrectomy) and the ascending colon. In front of the left kidney
lie the stomach, the pancreas and its vessels, the spleen and the
descending colon. The suprarenals sit on each side as a cap on the kid-
ney’s upper pole.

The medial aspect of the kidney presents a deep vertical slit, the hilum,
which transmits, from before backwards, the renal vein, the renal artery,
the renal pelvis and, usually, a subsidiary branch of the renal artery.
Lymphatics and nerves also enter the hilum, the latter being sympathetic,
mainly vasomotor, fibres.

The renal pelvis is subject to considerable anatomical variations (Fig. 80);
it may lie completely outside the substance of the kidney (even to the
extent of having part of the major calyces extrarenal) or may be almost
buried in the renal hilum. All gradations exist between these extremes. If a
calculus is lodged in the renal pelvis, its removal is comparatively simple
when this is extrarenal, and it is correspondingly difficult when the pelvis
is hidden within the substance of the kidney.

Diaphragm

Quadratus

12th rib lumborum

Subcostal nerve

lliohypogastric nerve
llio-inguinal nerve

Psoas major

Fig. 78 The posterior
relations of the kidney
(viewed from behind).
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Fig. 79 The anterior relations of the kidneys.

Fig. 80 Variations in
the renal pelvis. (a) The
pelvis is buried within
the renal parenchyma —
pyelolithotomy
difficult. (b) The pelvis
(b)

protrudes generously —
pyelolithotomy easy. (a)

Within the kidney, the renal pelvis receives two or three major calyces,
each of which receives a number of minor calyces. Each of these, in turn, is
indented by a papilla of renal tissue and it is here that the collecting
tubules of the kidney discharge urine into the conducting part of the uri-
nary tract.

The kidneys lie in an abundant fatty cushion (perinephric fat) contained
in the renal fascia (Fig. 81). Above, the renal fascia blends with the fascia on
the undersurface of the diaphragm, leaving a separate compartment for
the suprarenal (which is thus easily separated and left behind in perform-
ing a nephrectomy). Medially, the fascia blends with the sheaths of the
aorta and inferior vena cava. Laterally, it is continuous with the transversa-
lis fascia. Only inferiorly does it remain relatively open — tracking around
the ureter into the pelvis.
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Fig. 81 (a) Transverse section (seen from below) demonstrating the fascial
compartments of the kidney. (b) CT scan of the same region. Note that CT scans, by
convention, are viewed from below, so that the aorta, for example, is seen on the
right side. The blood vessels have been enhanced by an intravenous injection of
contrast.

The kidney has, in fact, three capsules:

1 fascial (renal fascia);

2 fatty (perinephric fat);

3 true - the fibrous capsule which strips readily from the normal kidney
surface but adheres firmly to an organ that has been inflamed.

(a)

(b)
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Blood supply

The renal artery derives directly from the aorta. The renal vein drains directly
into the inferior vena cava. The left renal vein passes in front of the aorta
immediately below the origin of the superior mesenteric artery. The right
renal artery passes behind the inferior vena cava.

Lymphatic drainage

Lymphatics drain directly to the para-aortic lymph nodes.

CLINICAL FEATURES

1 The highly vascular kidney is not infrequently ruptured by closed
trauma, e.g. a kick in the loin. The capsule is torn and blood extravasates
into the perinephric fat space. This is usually tamponaded by the renal
fascia, and the bleeding controlled. Only if this fascial layer tears does
haemorrhage continue and surgery - often nephrectomy — become
mandatory. The midline attachment of the renal fascia prevents
extravasation to the opposite side.

2 In hypermobility of the kidney (‘floating kidney’), this organ can be
moved up and down in its fascial compartment but not from side to side.
To alesser degree, it is in this plane that the normal kidney moves during
respiration.

3 Exposure of the kidney via the loin. An oblique incision is usually favoured
midway between the 12th rib and the iliac crest, extending laterally from
the lateral border of erector spinae. Latissimus dorsi and serratus
posterior inferior are divided and the free posterior border of external
oblique is identified, enabling this muscle to be split along its fibres.
Internal oblique and transversus abdominis are then divided, revealing
peritoneum anteriorly, which is pushed forwards. The renal fascial
capsule is then brought clearly into view and is opened. The subcostal
nerve and vessels are usually encountered in the upper part of the
incision and are preserved. If more room is required, the lateral edge of
quadratus lumborum may be divided and also the 12th rib excised, care
being taken to push up, but not to open, the pleura, which crosses the
medial half of the rib.

The ureter

The ureter is 25cm (10in) long and comprises its abdominal, pelvic and
intravesical portions.

The abdominal ureter lies on the medial edge of psoas major (which sepa-
rates it from the tips of the transverse processes of L2-L5) and then crosses
into the pelvis at the bifurcation of the common iliac artery in front of
the sacro-iliac joint. Anteriorly, the right ureter is covered at its origin by
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the second part of the duodenum and then lies lateral to the inferior vena
cava and behind the posterior peritoneum. It is crossed by the testicular
(or ovarian), right colic and ileocolic vessels. The left ureter is crossed by
the testicular (or ovarian) and left colic vessels and then passes above the
pelvic brim, behind the mesosigmoid and sigmoid colon to cross the com-
mon iliac artery immediately above its bifurcation.

The pelvic ureter runs on the lateral wall of the pelvis in front of the inter-
nal iliac artery to just in front of the ischial spine; it then turns forwards
and medially to enter the bladder. In the male, it lies above the seminal
vesicle near its termination and is crossed superficially by the vas deferens
(see Fig. 85). In the female, the ureter passes above the lateral fornix of the
vagina 1.25cm (0.51n) lateral to the supravaginal portion of the cervix and
lies below the broad ligament and uterine vessels (see Fig. 102).

The intravesical ureter passes obliquely through the wall of the bladder
for 2cm (0.75in); the vesical muscle and obliquity of this course produce,
respectively, a sphincteric and valve-like arrangement at the termination of
this duct.

Blood supply

The ureter receives a rich segmental blood supply from all available arter-
ies along its course: the aorta, and the renal, testicular (or ovarian), internal
iliac and inferior vesical arteries.

CLINICAL FEATURES

1 The ureter is readily identified in life by its thick muscular wall which is
seen to undergo worm-like (vermicular) writhing movements,
particularly if gently stroked or squeezed.

2 Throughout its abdominal and the upper part of its pelvic course, it
adheres to the overlying peritoneum (through which it can be seen in the
thin subject), and this fact is used in exposing the ureter — as the parietal
peritoneum is dissected upwards, the ureter comes into view sticking to
its posterior aspect.

3 The ureter is relatively narrowed at three sites:

e at the junction of the renal pelvis and ureter (pelvi-ureteric junction),
e at the pelvic brim, and
e at the ureteric orifice (narrowest of all).

4 A ureteric calculus is likely to lodge at one of these three levels.

5 In searching for a ureteric stone on a plain radiograph of the abdomen,
one must imagine the course of the ureter in relation to the bony skeleton
(Fig. 82). It lies along the tips of the transverse processes, crosses in front
of the sacro-iliac joint, swings out to the ischial spine and then passes
medially to the bladder. An opaque shadow along this line is suspicious
of calculus. This course of the ureter is readily studied by examining a
radiograph showing a radio-opaque ureteric catheter in situ.
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Fig. 82 Drawing from an intravenous pyelogram to show the relationship
of the ureters to the bony landmarks.

The embryology and congenital abnormalities
of the kidney and ureter (Fig. 83)

The kidney and ureter are mesodermal in origin and develop in an unu-
sual manner of considerable interest to the comparative anatomist.

The pronephros, of importance in the lower vertebrates, is transient in
humans, but the distal part of its duct receives the tubules of the next
renal organ to develop, the mesonephros, and now becomes the mesone-
phric or Wolffian duct. The mesonephros itself then disappears except for
some of its ducts, which form the efferent tubules of the testis. For fur-
ther details of the fates of the mesonephros and mesonephric duct, see
page 154.

A diverticulum then appears at the lower end of the mesonephric duct
which develops into the metanephric duct; on top of the latter a cap of tissue
differentiates to form the definitive kidney or metanephros. The metanephric
duct develops into the ureter, pelvis, calyces and collecting tubules; the
metanephros into the glomeruli and the proximal part of the renal duct
system.

The mesonephric duct now loses its renal connection, atrophies in the
female (remaining only as the epodphoron) but persists in the male, to
become the epididymis and vas deferens.

The kidney first develops in the pelvis and then migrates upwards. Its
blood supply is first obtained from the common iliac artery but, during
migration, a series of vessels form to supply it, only to involute again when
the renal artery takes over this duty.
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Developmental abnormalities (Fig. 84)

1 It is common for one or more distally placed arteries to persist (aberrant
renal arteries) and one may even run to the kidney from the common
iliac artery.
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2 Occasionally the kidney will fail to migrate cranially, resulting in a
persistent pelvic kidney.

3 The two metanephric masses may fuse in development, forming a
horseshoe kidney linked across the midline.

4 In one in 2400 births there is complete failure of development of one
kidney (congenital absence of the kidney).

5 Congenital polycystic kidneys (which are nearly always bilateral) are
believed to result from failure of metanephric tissue to link up with
some of the metanephric duct collecting tubules; blind ducts therefore
form which subsequently become distended with fluid. This theory of
origin does not explain their occasional association with multiple cysts
of the liver, pancreas, lung and ovary.

6 The mesonephric duct may give off a double metanephric bud so that
two ureters may develop on one or both sides. These ureters may fuse
into a single duct anywhere along their course or open separately into
the bladder (where the upper ureter enters below the lower ureter).

Rarely, the extra ureter may open ectopically into the vagina or urethra
resulting in urinary incontinence.

The bladder (Figs 60, 61, 85)

The bladder capacity in the normal adult is variable, the average being
approximately 300ml. In cases of retention of urine, the adult bladder dis-
tends from the pelvic cavity into the abdomen, stripping the peritoneum
upwards from the anterior abdominal wall. The surgeon utilizes this factin
carrying out an extraperitoneal incision or suprapubic puncture into the
bladder. In children up to the age of approximately 3 years, the pelvis is
relatively small and the bladder is, in fact, intra-abdominal although still
extraperitoneal.

Relations

e Anteriorly — the pubic symphysis.

e Superiorly — the bladder is covered by peritoneum with coils of small
intestine and sigmoid colon lying against it. In the female, the body of
the uterus flops against its posterosuperior aspect.

e Posteriorly — in the male the rectum, the termination of the vasa deferen-
tia and the seminal vesicles; in the female, the vagina and the supravagi-
nal part of the cervix.

e Laterally — the levator ani and obturator internus.

The neck of the bladder fuses with the prostate in the male; in the female
it lies directly on the pelvic fascia surrounding the short urethra.

The muscle coat of the bladder is formed by a criss-cross arrangement of
bundles; when these undergo hypertrophy in chronic obstruction (due to
an enlarged prostate, for example) they account for the typical trabecu-
lated ‘open weave’ appearance of the bladder wall, readily seen through a
cystoscope.
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orifice in vertical section.

The circular component of the muscle coat condenses as an (involun-
tary) internal urethral sphincter around the internal orifice. This can be
destroyed without incontinence providing the external sphincter remains
intact (as occurs in prostatectomy).



The urinary tract 119

Cystoscopy

The interior of the bladder and its three orifices (the internal meatus and
the two ureters) are easily inspected by means of a cystoscope. The ureteric
orifices lie 2.5cm (lin) apart in the empty bladder, but, when this is
distended for cystoscopic examination, the distance increases to 5c¢m (2in).
The submucosa and mucosa of most of the bladder are only loosely
adherent to the underlying muscle and are thrown into folds when the
bladder is empty, smoothing out during distension of the organ. Over the
trigone, the triangular area bounded by the ureteric orifices and the internal
meatus, the mucosa is adherent and remains smooth even in the empty
bladder.

Between the ureters, a raised fold of mucosa can be seen that is called the
interureteric ridge, which is produced by an underlying bar of muscle.

Blood supply

Blood is supplied from the superior and inferior vesical branches of
the internal iliac artery. The vesical veins form a plexus which drains into
the internal iliac vein.

Lymphatic drainage

Lymphatics drain alongside the vesical blood vessels to the iliac and then
para-aortic nodes.

Nerve supply

Efferent parasympathetic fibres from S2 to 54 accompany the vesical arter-
ies to the bladder. They convey motor fibres to the muscles of the bladder
wall and inhibitory fibres to its internal sphincter. Sympathetic efferent
fibres are said to be inhibitory to the bladder muscles and motor to its
sphincter, although they may be mainly vasomotor in function, so that nor-
mal filling and emptying of the bladder are probably controlled exclu-
sively by its parasympathetic innervation. The external sphincter is made
up of striated muscle. It is also concerned in the control of micturition
and is supplied by the pudendal nerve (S2, S3, S4). Sensory fibres from
the bladder, which are stimulated by distension, are conveyed in both the
sympathetic and parasympathetic nerves, the latter pathway being the
more important.

The urethra
The male urethra (Fig. 85b)

The male urethra is 20cm (8in) long and is divided into the prostatic,
membranous and spongy parts.

The prostatic urethra (3cm (1.25in)), as its name implies, traverses
the prostate. Its posterior wall bears a longitudinal elevation termed the
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urethral crest, on each side of which is a shallow depression, the prostatic
sinus, into which the 15-20 prostatic ducts empty. At approximately the
middle of the crest is a prominence termed the colliculus seminalis
(verumontanum) into which opens the prostatic utricle. This is a blind tract,
approximately 0.5cm (0.25in) long, running downwards from the sub-
stance of the median lobe of the prostate. It is believed to represent the
male equivalent of the vagina, a remnant of the paramesonephric duct (see
page 154). On either side of the orifice of the prostatic utricle open the
ejaculatory ducts, formed by the union of the duct of the seminal vesicle and
the terminal part of the vas deferens.

The membranous urethra (2cm (0.75in)) pierces the external sphincter ure-
thrae (the voluntary sphincter of the bladder) and the fascial perineal
membrane which covers the superficial aspect of the sphincter.

The spongy urethra (15cm (6in)) traverses the corpus spongiosum of the
penis. It first passes upwards and forwards to lie below the pubic symphy-
sis and then in its flaccid state bends downwards and forwards.

CLINICAL FEATURES

1 Where the urethra passes beneath the pubis is a common site for it to be
ruptured by a fall astride a sharp object, which crushes it against the edge
of the symphysis.

2 The external orifice is the narrowest part of the urethra and a calculus
may lodge there. Immediately within the meatus, the urethra dilates into
a terminal fossa whose roof bears a mucosal fold (the lacuna magna),
which may catch the tip of a catheter. Instruments should always be
introduced into the urethra beak downwards for this reason.

The female urethra

The female urethra is 4cm (1.5in) long; it traverses the sphincter urethrae
and lies immediately in front of, indeed embedded in the wall of, the
vagina. Its external meatus opens 2.5cm (1in) behind the clitoris. The
sphincter urethrae in the female is a tenuous structure and vesical control
appears to depend mainly on the intrinsic sphincter of condensed circular
muscle fibres of the bladder.

The mucosa of the urinary tract

The renal pelvis and calyceal system, ureter, bladder and urethra are lined
by a transitional epithelium as far as the entry of the ejaculatory ducts in
the prostatic urethra. This is conveniently termed the wuroepithelium or
urothelium since it has a uniform appearance and is subject to the same
pathological processes, e.g. the development of papillomata. The remainder
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of the urethra has a columnar lining except at its termination, where the
epithelium becomes squamous.

Radiology of the urinary tract

The renal contours can often be identified on a soft-tissue radiograph of the
abdomen. Intravenous injection of iodine-containing compounds excreted
by the kidney will produce an outline of the calyces and the ureter
(intravenous urogram). When the injection medium enters the bladder, a
cystogram is obtained (Fig. 82).

Further information can be obtained by passing a catheter up the ureter
through a cystoscope and injecting radio-opaque fluid to fill the pelvis
and calyx system (retrograde pyelogram). Similarly, injection of such fluid
into the urethra or bladder may be used for the radiographic study of
these viscera.

The kidneys are beautifully delineated in transverse section on CT scans
(Fig. 81b, and see Figs 110 and 111).

The male genital organs

The prostate (rig. 85)

This is a pyramidal-shaped, fibromuscular and glandular organ, 3cm
(1.25in) long, which surrounds the prostatic urethra. It resembles the size
and shape of a chestnut.

Relations (Fig. 60)

® Superiorly — the prostate is continuous with the neck of the bladder. The
urethra enters the upper aspect of the prostate near its anterior border.

e Inferiorly — the apex of the prostate rests on the external sphincter of the
bladder, which lies within the deep perineal pouch.

o Anteriorly —lies the pubic symphysis separated by the extraperitoneal fat
of the cave of Retzius or retropubic space. Close against the prostate in this
space lies the prostatic plexus of veins. Near the apex of the prostate, the
puboprostatic lignment (a condensation of fibrous tissue) passes forwards
to the pubis.

e Posteriorly — lies the rectum separated by the fascia of Denonvilliers.

e Laterally — lies levator ani.

The ejaculatory ducts enter the upper posterior part of the gland to open
into the urethra at the colliculus seminalis or verumontanum, one on either
side of the prostatic utricle, dividing off a median prostatic lobe lying between
these three ducts. In benign prostatic hypertrophy (but not in the normal
prostate), a shallow posterior median groove (which can be felt on rectal
examination) further divides the prostate into left and right lobes. Anterior
to the urethra, the prostate consists of a narrow isthmus only.
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Fig. 86 The surgical anatomy of prostatectomy. (a) The normal prostate in vertical
section. (b) Detail of the prostatic urethra. (c) A prostatic adenoma (benign
hypertrophy) compresses the normal prostatic tissue into a false capsule.

The prostatic capsules (Fig. 86)

These are normally two, pathologically three, in number.

1 The true capsule — a thin fibrous sheath which surrounds the gland.

2 The false capsule — condensed extraperitoneal fascia which continues into
the fascia surrounding the bladder and with the fascia of Denonvilliers
posteriorly. Between layers 1 and 2 lies the prostatic venous plexus.
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3 The pathological capsule — when benign ‘adenomatous” hypertrophy of the
prostate takes place, the normal peripheral part of the gland becomes
compressed into a capsule around this enlarging mass (Fig. 86).
In performing an enucleation of the prostate, the plane between the
adenomatous mass and this compressed peripheral tissue is entered,
the ‘tumour’ enucleated and a condensed rim of prostate tissue, lying
deep to the true capsule, left behind. The prostatic venous plexus, lying
external to this, is thus undisturbed.

Blood supply

The arterial supply is derived from the inferior vesical artery (a branch of
the internal iliac artery), a branch entering the prostate on each side at its
lateral extremity.

The veins form a prostatic plexus, which receives the dorsal vein of the
penis and drains into the internal iliac vein on each side. Some of the
venous drainage passes to the plexus of veins lying in front of the vertebral
bodies and within the neural canal. These veins are valveless and consti-
tute the valveless vertebral veins of Batson. This communication may explain
the readiness with which carcinoma of the prostate spreads to the pelvic
bones and vertebrae.

CLINICAL FEATURES

1 Prostatectomy for benign prostatic hyperplasia involves removal of the
hyperplastic mass of glandular tissue from the surrounding normal pros-
tate, which is compressed as a thin rim around it — a false capsule (Fig. 86).
This is usually performed transurethrally by means of an operating cysto-
scope armed with a cutting diathermy loop. During this procedure, the
verumontanum (colliculus seminalis) is an important landmark. The sur-
geon keeps the resection above this structure in order not to damage the
urethral sphincter. If the prostate is very enlarged, open prostatectomy is
indicated. The gland is approached retropubically, the capsule incised
transversely and the hyperplastic mass of gland enucleated.

2 After the age of 45 years some degree of prostatic hyperplasia is all but
invariable; it is as much a sign of ageing as greying of the hair. Usually
the lateral lobes are affected, and such enlargement is readily detected on
rectal examination. The median lobe may also be involved in this process
or may be enlarged without the lateral lobes being affected. In such an
instance, symptoms of prostatic obstruction may occur (because of the
valve-like effect of this hypertrophied lobe lying over the internal
urethral orifice) without prostatic enlargement being detectable on rectal
examination.

Anterior to the urethra the prostate consists of a narrow fibromuscu-
lar isthmus containing little, if any, glandular tissue. Benign glandular
hypertrophy of the prostate, therefore, never affects this part of
the organ.
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3 The fascia of Denonvilliers is important surgically; in excising the rec-
tum, it is the plane to be sought after in order to separate off the prostate
and urethra without damaging these structures. A carcinoma of the pros-
tate only rarely penetrates this fascial barrier so that ulceration into the
rectum is very unusual.

The scrotum

The scrotum is the pouch in which lie the testes and their coverings. In
cryptorchidism, not unnaturally, this pouch is not well developed.

The skin of the scrotum is thin, pigmented, rugose and marked by a
longitudinal median raphe. It is richly endowed with sebaceous glands,
and consequently a common site for sebaceous cysts, which are often
multiple. The subcutaneous tissue contains no fat but does contain the
involuntary dartos muscle.

CLINICAL FEATURES

The scrotal subcutaneous tissue is continuous with the fasciae of the
abdominal wall and perineum and therefore extravasations of urine or
blood deep to this plane will gravitate into the scrotum. The scrotum is
divided by a septum into right and left compartments but this septum
is incomplete superiorly so extravasations of fluid into this sac are always
bilateral.

The lax tissues of the scrotum and its dependent position cause it to fill
readily with oedema fluid in cardiac or renal failure. Such a condition must
be carefully differentiated from extravasation or from a scrotal swelling due
to a hernia or hydrocele.

Testis and epididymis (Figs 87, 88)

The left testis lies at a lower level than the right within the scrotum; rarely,
this arrangement is reversed. Each testis is contained by a white fibrous
capsule, the tunica albuginea, and each is invaginated anteriorly into a dou-
ble serous covering, the tunica vaginalis, just as the intestine is invaginated
anteriorly into the peritoneum.

Along the posterior border of the testis, rather to its lateral side, lies the
epididymis, which is divided into an expanded head, a body and a pointed
tail inferiorly. Medially, there is a distinct groove, the sinus epididymis,
between it and the testis. The epididymis is covered by the tunica vaginalis
except at its posterior margin, which is free or, so to say, ‘extraperitoneal’.

The testis and epididymis each bear at their upper extremities a
small stalked body, termed, respectively, the appendix testis and
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Fig. 88 Transverse section of the testis.

appendix epididymis (hydatid of Morgagni). The appendix testis is a remnant
of the upper end of the paramesonephric (Miillerian) duct; the appendix
epididymis is a remnant of the mesonephros.

These structures, being stalked, are liable to undergo torsion.
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Blood supply

The testicular artery arises from the aorta at the level of the renal vessels. It
anastomoses with the artery to the vas, supplying the vas deferens and
epididymis, which arises from the inferior vesical branch of the internal
iliac artery. This cross-connection means that ligation of the testicular
artery is not necessarily followed by testicular atrophy.

The pampiniform plexus of veins becomes a single vessel, the testicular
vein, in the region of the internal ring. On the right, this drains into the
inferior vena cava; on the left, into the renal vein.

Lymphatic drainage

The lymphatic drainage of the testis obeys the usual rule: it accompanies the
venous drainage and thus passes to the para-aortic lymph nodes at the level
of the renal vessels. Free communication occurs between the lymphatics on
either side; there is also a plentiful anastomosis with the para-aortic intratho-
racic nodes and, in turn, with the cervical nodes, so that spread of malignant
disease from the testis to the nodes at the root of the neck is not rare.

Nerve supply

T10 and T11 sympathetic fibres via the renal and aortic plexus. These con-
vey afferent (pain) fibres — hence referred pain from the testis to the loin
and groin.

Structure

The testis is divided into 200-300 lobules, each containing one to three seri-
niferous tubules. Each tubule is some 62 cm (2 feet) in length when teased out,
and is thus obviously coiled and convoluted to pack away within the testis.
The tubules anastomose posteriorly into a plexus termed the rete testis from
which approximately a dozen fine efferent ducts arise, pierce the tunica albug-
inea at the upper part of the testis and pass into the head of the epididymis,
which is actually formed by these efferent ducts coiled within it. The efferent
ducts fuse to form a considerably convoluted single tube that constitutes the
body and tail of the epididymis; unravelled, it is the length of a cricket pitch.

Development of the testis

This is important and is the key to several features which are of clinical
interest.

The testis arises from a germinal ridge of mesoderm in the posterior wall
of the abdomen just medial to the mesonephros (Fig. 83), and links up with
the epididymis and vas, which differentiate from the mesonephric duct. As
the testis enlarges, it also undergoes a caudal migration according to the
following timetable:

3rd month (of fetal life) reaches the iliac fossa;
7th month traverses the inguinal canal;
8th month reaches the external ring;

9th month descends into the scrotum.
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A mesenchymal strand, the gqubernaculum testis, extends from the cau-
dal end of the developing testis along the course of its descent to blend
into the scrotal fascia. The exact role of this structure in the descent of
the testis is not known; theories are that it acts as a guide (gubernacu-
lum=rudder) or that its swelling dilates the inguinal canal and
scrotum.

In the third fetal month, a prolongation of the peritoneal cavity invades
the gubernacular mesenchyme and projects into the scrotum as the
processus vaginalis. The testis slides into the scrotum posterior to this,
projects into it and is therefore clothed front and sides with peritoneum.
About the time of birth this processus obliterates, leaving the testis covered
by the tunica vaginalis. Very rarely, fragments of adjacent developing
organs — spleen or suprarenal — are caught up and carried into the scrotum
along with the testis.

CLINICAL FEATURES

1 The testis arises at the level of the mesonephros at the level of the L2/3
vertebrae and drags its vascular, lymphatic and nerve supply from this
region. Pain from the kidney is often referred to the scrotum and,
conversely, testicular pain may radiate to the loin.

2 When searching for secondary lymphatic spread from a neoplasm of the
testis, the upper abdomen must be palpated carefully for enlarged para-
aortic nodes; because of cross-communications, these may be present on
either side. Mediastinal and cervical nodes may also become involved. It
is the beginner’s mistake to feel for nodes in the groin; these are only
involved if the tumour has ulcerated the scrotal skin and hence invaded
scrotal lymphatics which drain to the inguinal nodes.

3 Rarely, a rapidly developing waricocele (dilatation of the pampiniform
plexus of veins) is said to be a presenting sign of a tumour of the left kidney
which, by invading the renal vein, blocks the drainage of the left testicular
vein. Most examples of varicocele are idiopathic; why the vast majority are
on the left side is unknown, but theories are that the left testicular vein is
compressed by a loaded sigmoid colon, obstructed by angulation at its
entry into the renal vein or even that it is put into spasm by adrenaline
(epinephrine)-rich blood entering the renal vein from the suprarenal vein!

4 The testis may fail to descend and may rest anywhere along its
course — intra-abdominally, within the inguinal canal, at the external ring
or high in the scrotum. Failure to descend must be carefully distinguished
from retraction of the testis; it is common in children for contraction of
the cremaster muscle to draw the testis up into the superficial inguinal
pouch — a potential space deep to the superficial fascia over the external
ring. Gentle pressure from above, or the relaxing effect of a hot bath,
coaxes the testis back into the scrotum in such cases. Occasionally the
testis descends, but into an unusual (ectopic) position; most commonly,
the testis passes laterally after leaving the external ring to lie superficial
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to the inguinal ligament, but it may be found in front of the pubis, in the
perineum or in the upper thigh. In these cases (unlike the undescended
testis), the cord is long and replacement into the scrotum without tension
presents no surgical difficulty.

5 Abnormalities of the obliteration of the processus vaginalis lead to a
number of extremely common surgical conditions, of which the indirect
inguinal hernia is the most important.

This variety of hernia may be present at birth or develop in later life; in
the latter circumstance, it is probable that the processus vaginalis has
persisted as a narrow empty sac and that development of the hernia
results from some sudden strain due to a cough, straining at micturition
or at stool, which forces abdominal contents into this peritoneal recess.

In infants, the sac frequently has the testis lying in its wall (congenital
inguinal hernia), but this is unusual in older patients.

The closed-off tunica vaginalis may become distended with fluid to
form a hydrocele, which may be idiopathic (primary) or secondary to
disease in the underlying testis. The anatomical classification of
hydroceles is into the following groups (Fig. 89):

* vaginal — confined to the scrotum and so called because it distends
the tunica vaginalis;

* congenital — communicating with the peritoneal cavity;

e infantile — extending upwards to the internal ring;

* hydrocele of the cord — confined to the cord.

Notice that, from the anatomical point of view, a hydrocele (apart from
one of the cord) must surround the front and sides of the testis since the
tunica vaginalis bears this relationship to it. A cyst of the epididymis, in
contrast, arises from the efferent ducts of the epididymis and must
therefore lie above and behind the testis. This point enables the
differential diagnosis between these two common scrotal cysts to be

made confidently.

(a) (b) (c) (d)

Fig. 89 Types of hydrocele. (a) Vaginal hydrocele, (b) congenital hydrocele,
(c) infantile hydrocele, (d) hydrocele of the cord. (The tube at the upper end of
each diagram represents the internal inguinal ring. Yellow, hydrocele; brown,
vas and epididymis.)
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Vas deferens (ductus deferens) (Fig. 85)

This tube is 45cm (18in) long (a distance which one may remember is also
the length of the thoracic duct, the spinal cord and the femur, and the dis-
tance from the incisor teeth to the cardiac end of the stomach).

The vas passes from the tail of the epididymis to traverse the scrotum
and inguinal canal and so comes to lie upon the side wall of the pelvis.
Here, it lies immediately below the peritoneum of the lateral wall, extends
almost to the ischial tuberosity then turns medially to the base of the blad-
der. Here, it joins the more laterally placed seminal vesicle to form the
ejaculatory duct, which traverses the prostate to open into the prostatic ure-
thra at the verumontanum on either side of the utricle.

CLINICAL FEATURES

Infection may track from the bladder and urethra along the vas to the
epididymis (acute epididymitis).

The operation of bilateral vasectomy is a common procedure for male
sterilization. The vas is identified by its very firm consistency, which, in
coaching days, was likened to whipcord but which today might, more
aptly, be compared to fine plastic tubing.

The seminal vesicles

These are coiled sacculated tubes 5cm (2in) long which can be unravelled
to three times that length. They lie, one on each side, extraperitoneally at
the bladder base, lateral to the termination of the vasa. Each has common
drainage with its neighbouring vas via the ejaculatory duct (Fig. 85). In
spite of their name, they do not act as receptacles for semen, although their
secretion does contribute considerably to the seminal fluid.

CLINICAL FEATURES

The vesicles can be felt on rectal examination if enlarged; this occurs
typically in tuberculous infection.

The bony and ligamentous pelvis

The pelvis is made up of the innominate bones, the sacrum and the coccyx,
bound to each other by dense ligaments.

The os innominatum (Fig. 90)

Examine the bone and revise the following structures.
The ilium with its iliac crest running between the anterior and posterior
superior iliac spines; below each of these are the corresponding inferior spines.
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Well-defined ridges on its lateral surface are the strong muscle markings of
the glutei. Its inner aspect bears the large auricular surface, which articulates
with the sacrum. The iliopectineal line runs forwards from the apex of the
auricular surface and demarcates the true from the false pelvis.

The pubis comprises the body and the superior and inferior pubic rami.

The ischium has a vertically disposed body, bearing the ischial spine on its
posterior border that demarcates an upper (greater) and lower (lesser)
sciatic notch. The inferior pole of the body bears the ischial tuberosity, then
projects forwards almost at right angles into the ischial ramus to meet the
inferior pubic ramus.

The obturator foramen lies bounded by the body and rami of the pubis
and the body and ramus of the ischium.

All three bones fuse at the acetabulum, which forms the socket for the
femoral head, for which it bears a wide crescentic articular surface.

The pelvis is tilted in the erect position so that the plane of its inlet is at
an angle 60° to the horizontal. (To place a pelvis into this position, hold it
against a wall so that the anterior superior spine and the top of the pubic
symphysis both touch it.)

The sacrum (Fig. 91)

The sacrum is made up of five fused vertebrae and is roughly triangular.
The anterior border of its upper part is termed the sacral promontory and is
readily felt at laparotomy:.

Its anterior aspect presents a central mass, a row of four anterior sacral
foramina on each side (transmitting the upper four sacral anterior primary
rami), and, lateral to these, the lateral masses of the sacrum. The superior
aspect of the lateral mass on each side forms a fan-shaped surface termed
the ala.

Note that the central mass is roughly rectangular — the triangular shape
of the sacrum is due to the rapid shrinkage in size of the lateral masses of
the sacrum from above down.

Fig. 90 Lateral view of
the os innominatum.
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Fig. 91 The sacrum in: (a) posterior and (b) anterior views.

Posteriorly lies the sacral canal, continuing the vertebral canal, bounded
by short pedicles, strong laminae and diminutive spinous processes.
Perforating through from the sacral canal is a row of four posterior sacral
foramina on each side. Inferiorly, the canal terminates in the sacral hiatus,
which transmits the 5th sacral nerve. On either side of the lower extremity
of the hiatus lie the sacral cornua. These can easily be palpated by the finger
immediately above the natal cleft.

On its lateral aspect, the sacrum presents an auricular facet for articula-
tion with the corresponding surface of the ilium.

The 5th lumbar vertebra may occasionally fuse with the sacrum in whole
or in part (sacralization of L5); alternatively, the 1st sacral segment may be
partially or completely separated from the rest of the sacrum (lumbariza-
tion of S1). The posterior arch of the sacrum is occasionally bifid.

Note that the dural sheath terminates distally at the second piece of the
sacrum. Beyond this the sacral canal is filled with the fatty tissue of the
extradural space, the cauda equina and the filum terminale. (For sacral
block, see page 137.)

The coccyx

This is made up of three to five fused vertebrae articulating with the
sacrum; occasionally, the first segment remains separate. It represents, of
course, the tail of more primitive animals.
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The functions of the pelvis

1 It protects the pelvic viscera.

2 It supports the weight of the body, which is transmitted through the ver-
tebrae, thence through the sacrum, across the sacro-iliac joints to the
innominate bones and then to the femora in the standing position or to
the ischial tuberosities when sitting. (The sacro-iliac joint is reinforced
for this task as will be described in the next section.)

3 During walking the pelvis swings from side to side by a rotatory
movement at the lumbosacral articulation, which occurs together
with similar movements of the lumbar intervertebral joints. Even if the
hip joints are fixed, this swing of the pelvis enables the patient to walk
reasonably well.

4 As with all but a few small bones in the hand and foot, the pelvis
provides attachments for muscles.

5 In the female it provides bony support for the birth canal.

Joints and ligamentous connections
of the pelvis

The symphysis pubis is the name given to the cartilaginous joint between the
pubic bones. Each pubic bone is covered by a layer of hyaline cartilage and
is connected across the midline by a dense layer of fibrocartilage. The cen-
tre of the latter may break down to form a cleft-like joint space which,
however, is not seen before the first decade and which is not lined by a
synovial membrane.

The joint is surrounded and strengthened by fibrous ligaments, espe-
cially above and below.

The sacro-iliac joints are the articulations between the auricular surfaces
of the sacrum and ilium on each side and are true synovium-lined and
cartilage-covered joints.

The sacrum ‘hangs’ from these joints supported by the extremely dense
posterior sacro-iliac ligaments lying posteriorly to the auricular joint surfaces.
These support the whole weight of the body, tending to drag the sacrum
forwards into the pelvis and, not surprisingly, are the strongest ligaments
in the body.

Their action is assisted by an interlocking of the grooves between the
auricular surfaces of the sacrum and ilium.

The sacrotuberous ligament passes from the ischial tuberosity to the side of
the sacrum and coccyx.

The sacrospinous ligament passes from the ischial spine to the side of the
sacrum and coccyx.

These two ligaments help to define two important exits from the pelvis:
1 the greater sciatic foramen — formed by the sacrospinous ligament and the

greater sciatic notch;

2 the lesser sciatic foramen — formed by the sacrotuberous ligament and the
lesser sciatic notch.
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Note. There is a useful surface landmark in this region — the dimple con-
stantly seen on each side immediately above the buttock — which defines:
1 the posterior superior iliac spine;

2 the centre of the sacro-iliac joint;
3 the level of the second sacral segment;
4 the level at which the dural sheath of the spinal meninges terminates.

Differences between the male and female
pelvis (Fig. 92)

The pelvis demonstrates a large number of sex differences associated prin-
cipally with two features: first, the heavier build and stronger muscles in
the male, accounting for the stronger bone structure and better defined
muscle markings in this sex; second, the comparatively wider and
shallower pelvic cavity in the female, correlated with its role as the bony
part of the birth canal.

The sex differences are summarized in Table 2.

When looking at a radiograph of the pelvis, the sex is best determined by
three features:
1 the pelvic inlet, which is heart-shaped in the male, oval in the female;
2 the angle between the inferior pubic rami, which is narrow in the male,

wide in the female. In the former, it corresponds almost exactly to the

(a) (b)

Fig. 92 (a) Male and (b) female pelvis compared.
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Table 2 Comparison of male and female pelvis

Male Female
General structure Heavy and thick Light and thin
Joint surfaces Large Small
Muscle attachments Well marked Rather indistinct
False pelvis Deep Shallow
Pelvic inlet Heart shaped Oval

Pelvic canal

Pelvic outlet
1st piece of sacrum

Sacrum

Sacro-iliac articular
facet (auricular
surface)

Subpubic angle
(between inferior
pubic rami)

Inferior pubic
ramus

Acetabulum
Ischial tuberosities
Obturator foramen

‘Long segment of a short
cone’, i.e. long and tapered

Comparatively small

The superior surface of the
body occupies nearly half
the width of the sacrum

Long, narrow, with smooth
concavity

Extends well down the 3rd
piece of the sacrum

‘The angle between the
middle and index fingers’

Presents a strong everted
surface for attachment of
the crus of the penis

Large

Inturned

Round

‘Short segment of a long
cone’, i.e. short with
almost parallel sides

Comparatively large

Oval superior surface
of the body occupies
approximately one-third
of the width of the sacrum

Short, wide, flat, curving
forwards in the lower part

Extends down only to the
upper border of the 3rd
piece

“The angle between the
thumb and the index
finger’

This marking is not present

Small
Everted
Oval

angle between the index and middle fingers when these are held apart;
in the latter, the angle equals that between the fully extended thumb and
the index finger. This is a particularly reliable feature;

3 the soft-tissue shadow of the penis and scrotum can usually be seen or,

if not, the dense shadow of the lead screen used to shield the testes from

harmful radiation.

Obstetrical pelvic measurements (Fig. 93)

The figures for the measurements of the inlet, mid-cavity and outlet of the
true pelvis are readily committed to memory in the form shown in Table 3.

The transverse diameter of the outlet is assessed clinically by measuring
the distance between the ischial tuberosities along a plane passing across
the anus; the anteroposterior outlet diameter is measured from the pubis
to the sacrococcygeal joint. The most useful measurement clinically is,
however, the diagonal conjugate — from the lower border of the pubic sym-
physis to the promontory of the sacrum. This normally measures 12.5cm
(5in); from the practical point of view, it is not possible in the normal pelvis
to reach the sacral promontory on vaginal examination either readily or
without discomfort to the patient.



Fig. 93 The
measurements of the
female pelvis. (a) The
inlet; (b) the outlet. (c)
Lateral view to show the
diagonal conjugate.
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(a) (b)

Diagonal conjugate

(c)

Table 3 Obstetrical pelvic measurements

Transverse Oblique Anteroposterior
Inlet 12.5cm (5in) 11.5cm (4.5in) 10cm (4in)
Mid-pelvis 11.5cm (4.5in) 11.5cm (4.5in) 11.5cm (4.5in)
Outlet 10cm (4in) 11.5cm (4.5in) 12.5cm (5in)

Another useful clinical guide is the subpubic arch: the examiner’s four
knuckles (i.e. his clenched fist) should rest comfortably between the ischial
tuberosities below the pubic symphysis.

Note that these measurements are all of the bony pelvis; the ‘dynamic
pelvis’ of the birth canal, in fact, is narrowed by the pelvic musculature, the
rectum and the thickness of the uterine wall. Today accurate imaging tech-
niques enable exact measurements to be made of the bony pelvis.

Variations of the pelvic shape (Fig. 94)

The shapes of the female pelvis may be subdivided (after Caldwell and
Moloy) as follows.
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(a) Gynaecoid (b) Generally contracted
(c) Android (d) Platypelloid
(e) Rachitic (f) Anthropoid
Fig. 94 Pelvic
variations and
abnormalities — shown as
) diagrammatic outlines of
(g) Asymmetrical the pelvic inlet.

1 The normal and its variants

* Gynaecoid —normal (most common variety in Caucasian women).

* Android — the masculine type of pelvis.

e Platypelloid — shortened in the anteroposterior diameter, increased in the
transverse diameter (the ‘non-rachitic flat pelvis’).

* Anthropoid — resembling that of an anthropoid ape with a much length-
ened anteroposterior diameter and a shortened transverse diameter.

2 Symmetrically contracted pelvis

That of a small woman but with a symmetrical shape.
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3 The rachitic flat pelvis

The sacrum is rotated so that the sacral promontory projects forwards
and the coccyx tips backwards. The anteroposterior diameter of the inlet
is therefore narrowed, but that of the outlet is increased. This deformity is
typical of rickets, the result of vitamin D deficiency.

4 The asymmetrical

Asymmetry can be due to a variety of causes such as scoliosis, longstand-
ing hip disease (e.g. congenital dislocation), poliomyelitis, pelvic fracture,
congenital abnormality due to thalidomide and the Naegele pelvis, which is
due to the congenital absence of one wing of the sacrum or its destruction
by disease.

CLINICAL FEATURES

Fractures of the pelvis

These may be isolated lesions due to a localized blow or may be
displacements of part of the pelvic ring due to compression injuries. Lateral
compression usually results in fractures through both pubic rami on each
side, or both rami on one side with dislocation at the symphysis;
anteroposterior compression may be followed by dislocation at the
symphysis or fractures through the pubic rami accompanied by dislocation
at the sacro-iliac joint.

Displacement of part of the pelvic ring must, of course, mean that the
ring has been broken in two places.

Falls upon the leg may force the head of the femur through the
acetabulum, the so-called central dislocation of the hip. Isolated fractures
may be produced by local trauma, especially to the iliac wing, sacrum
and pubis.

Associated with pelvic fractures one must always consider soft-tissue
injuries to the bladder, urethra and rectum, which may be penetrated by
spicules of bone or torn by wide displacements of the pelvic fragments.

Occasionally in these pelvic displacements the iliolumbar branch of the
internal iliac artery is ruptured as it crosses above the sacro-iliac joint; this
may be followed by a severe or even fatal extraperitoneal haemorrhage.

Sacral (caudal) anaesthesia

The sacral hiatus, between the last piece of sacrum and coccyx, can be
entered by a needle which pierces the skin, fascia and the tough posterior
sacrococcygeal ligament to enter the sacral canal. The hiatus can be defined
by palpating the sacral cornua on either side (Fig. 91) immediately above
the natal cleft.
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Anaesthetic solutions injected here will spread readily in the semi-liquid
extradural fat to bathe the spinal roots emerging from the dural sheath,
which terminates at the level of the 2nd sacral segment. The perineal
anaesthesia can be used for low forceps delivery, episiotomy and repair of
a perineal tear.

The muscles of the pelvic floor
and perineum

The canal of the bony and ligamentous pelvis is closed by a diaphragm of

muscles and fasciae, which the rectum, urethra and, in the female, the

vagina must pierce to reach the exterior. The muscles are divided into

(1) the pelvic diaphragm, formed by the levator ani and the coccygeus;

and (2) the muscles of (a) the anterior (urogenital) perineum and (b) the

posterior (anal) perineum.

Levator ani (Fig. 95) is the largest and most important muscle of the
pelvic floor. It arises from the posterior aspect of the body of the pubic
bone, the fascia of the side wall of the pelvis (covering obturator internus)
and the spine of the ischium. From this wide origin it sweeps down in a
series of loops:

1 to form a sling around the prostate (levator prostatae) or vagina (sphincter
vaginae), inserting into the perineal body;

2 to form a sling around the rectum and also insert into, and reinforce the
deep part of, the anal sphincter at the anorectal ring (puborectalis);

3 the posterior fibres are attached to the sides of the coccyx and to a median
fibrous raphe, which stretches between the apex of the coccyx and the
anorectal junction.

(Note that the coccygeus is in the same tissue plane as levator ani.
It corresponds almost exactly with the sacrospinous ligament, which it
overlies, and the latter is commonly regarded as a degenerate part of the
muscle. The muscle is well developed and the ligament is often missing in
those mammals with a mobile tail.)

Levator
prostatae
or
Sphincter
External anal vaginae
sphincter

Puborectalis

Coccygeus

Fig. 95 Levator

ani — inferior aspect.

It forms the ‘diaphragm
of the pelvis’.
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The muscle acts as the principal support of the pelvic floor, has a sphinc-
ter action on the rectum and vagina and assists in increasing intra-abdomi-
nal pressure during defecation, micturition and parturition.

Its deep aspect is related to the pelvic viscera and its perineal aspect
forms the inner wall of the ischio-anal fossa (see “The posterior (anal)
perineum’).

The anterior (urogenital) perineum (Figs 9, 97)

A line joining the ischial tuberosities passes just in front of the anus.
Between this line and the ischiopubic inferior rami lies the urogenital part
of the perineum or the urogenital triangle.

Attached to the sides of this triangle is a tough fascial sheet termed the
perineal membrane, which is pierced by the urethra in the male and by the
urethra and the vagina in the female. Deep to this membrane is the external
sphincter of the urethra consisting of voluntary muscle fibres surrounding
the membranous urethra; these are competent even when the internal
sphincter has been completely destroyed. In the female, the superficial
sphincter is also pierced by the vagina.

Enclosing the deep aspect of the external sphincter is a second fascial
sheath (comprising areolar tissue on the deep aspect of levator ani), so that
this muscle is, in fact, contained within a fascial capsule that is termed the
deep perineal pouch. This pouch contains, in addition, the deep transverse
perineal muscles and, in the male, the two bulbo-urethral glands of Cowper,
whose ducts pass forwards to open into the bulbous urethra. Superficial to
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Corpus cavernosum

Corpus spongiosum
with urethra —
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Penile
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Ischiocavernosus

Bulbospongiosus
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’{fl/

/ External sphincter

/ ani

Levator ani

Gluteus maximus

Coccyx

Fig. 96 The male perineum — on the right side the muscles of the anterior
perineum have been dissected away.
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Fig. 97 (a) The female perineum — on the right side the muscles of the anterior
perineum have been dissected away. (b) Distribution of the pudendal nerve to the
female perineum.

the perineal membrane is the superficial perineal pouch, which contains,

in the male:

1 the bulbospongiosus muscle covering the corpus spongiosum, which, in
turn, surrounds the urethra (the distal corpus spongiosum expands into
the glans penis);

2 the ischiocavernosus muscle on each side, arising from the ischial ramus
and covering the corpus cavernosum. The urethra is thus enclosed in a
spongy sheath supported by a cavernous tube on each side containing
thin-walled venous sinuses which become engorged with blood when
erection occurs;
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3 the superficial transverse perineal muscle, running transversely from
the perineal body to the ischial ramus. It is of no functional importance
but is seen during perineal excision of the rectum.

In the female the same muscles are present, although much less well
developed, and the bulbospongiosus is pierced by the vagina.

The perineal body (central perineal tendon)

This fibromuscular node lies in the midline at the junction of the anterior
and posterior perineum. It is the point of attachment for the anal sphinc-
ters, the bulbospongiosus, the transverse perineal muscles and fibres
of levator ani.

The posterior (anal) perineum (Figs 97, 98)

This is the triangle lying between the ischial tuberosities on each side and
the coccyx. It comprises the anal canal with its external sphincter, levator
ani and, at each side, the ischio-anal fossa.

The ischio-anal fossa (Fig. 98) is of considerable surgical importance
because of its great tendency to become infected. Its boundaries are:

e laterally — the fascia over obturator internus (i.e. the side wall of the
pelvis); contained in this wall within a fascial tunnel termed the pudendal
or Alcock’s canal are the pudendal vessels and nerve which give off,
respectively, the inferior rectal vessels and nerve, which supply the
external sphincter and perianal skin, then pass forwards to supply the
perineal tissues;

o medially — the fascia over levator ani and the external anal sphincter;

e posteriorly — the sacrotuberous ligament covered posteriorly by gluteus
maximus;

e anteriorly — the urogenital perineum;

e floor — skin and subcutaneous fat.
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Rectum

Ischio-anal \
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fossa &j g
External anal £ 0

sphincter

Fig. 98 The ischiorectal fossa (more accurately called the ischio-anal fossa).
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CLINICAL FEATURES

1 The fossa contains coarsely lobulated fat. It is important to note that the
ischio-anal fossae communicate with each other behind the anal
canal — infection in one may therefore pass to the other.

Infection of this space may occur from boils or abrasions of the perianal
skin, or from lesions within the rectum and anal canal, especially
infection of the branched anal glands, approximately six in number,
which lie immediately above the valves of Ball (see page 87 and Fig. 62).
Occasionally, it may follow from pelvic infection bursting through
levator ani or, rarely, via the bloodstream. The fossa contains no important
structures and can, therefore, be incised without fear when infected.

2 The pudendal nerves can be blocked in Alcock’s canal on either side to
give useful regional anaesthesia in obstetrical forceps delivery (Fig. 97
and see page 266).

The female genital organs

The vulva

The vulva (or pudendum) is the term applied to the female external
genitalia.

The labia majora are the prominent hair-bearing folds extending back
from the mons pubis to meet posteriorly in the midline of the perineum.
They are the equivalent of the male scrotum.

The labia minora lie between the labia majora as lips of soft skin which
meet posteriorly in a sharp fold, the fourchette. Anteriorly, they split to
enclose the clitoris, forming an anterior prepuce and posterior frenulum.

The vestibule is the area enclosed by the labia minora and contains
the wurethral orifice (which lies immediately behind the clitoris) and the
vaginal orifice.

The vaginal orifice is guarded in the virgin by a thin mucosal fold, the
hymen, which is perforated to allow the egress of the menses, and may
have an annular, semilunar, septate or cribriform appearance. Rarely, it is
imperforate and menstrual blood distends the vagina (haematocolpos).
At first coitus the hymen tears, usually posteriorly or posterolaterally, and
after childbirth nothing is left of it but a few tags termed carunculae
myrtiformes.

Bartholin’s glands (the greater vestibular glands) are a pair of lobulated,
pea-sized, mucus-secreting glands lying deep to the posterior parts of the
labia majora. They are impalpable when healthy but become obvious
when inflamed or distended. Each drains by a duct 2.5cm (lin) long
which opens into the groove between the hymen and the posterior part of
the labium minus.

Anteriorly, each gland is overlapped by the bulb of the vestibule — a
mass of cavernous erectile tissue equivalent to the bulbus spongiosum



Fig. 99 Sagittal section
of the uterus and its
relations.
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of the male. This tissue passes forwards, under cover of bulbospongio-
sus, around the sides of the vagina to the roots of the clitoris.

CLINICAL FEATURES

At childbirth the introitus may be enlarged by making an incision in
the perineum (episiotomy). This starts at the fourchette and extends
posterolaterally on the right side for 3cm (1.5in). The skin, vaginal
epithelium, subcutaneous fat, perineal body and superficial transverse
perineal muscle are incised. After delivery the episiotomy is carefully
sutured in layers.

The vagina (Fig. 99)

The vagina surrounds the cervix of the uterus, then passes downwards
and forwards through the pelvic floor to open into the vestibule.

The cervix projects into the anterior part of the vault of the vagina so
that the continuous gutter surrounding the cervix is shallow anteriorly
(where the vaginal wall is 7.5cm (3in) in length) and is deep posteriorly
(where the wall is 10cm (4in) long). This continuous gutter is, for conveni-
ence of description, divided into the anterior, posterior and lateral fornices.

Relations

o Anteriorly — the base of the bladder and the urethra (which is embedded
in the anterior vaginal wall).

e Posteriorly — from below upwards, the anal canal (separated by the
perineal body), the rectum and then the peritoneum of the pouch of
Douglas, which covers the upper quarter of the posterior vaginal wall.

Sacral
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Ovary
and tube

Peritoneum
Uterus

Bladder

Symphysis
pubis

Rectum
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e Laterally - levator ani, pelvic fascia and the ureters, which lie immediately
above the lateral fornices.

The amateur abortionist (or inexperienced gynaecologist) without a
knowledge of anatomy fails to realize that the uterus passes upwards
and forwards from the vagina; he pushes the instrument or IUCD (intra-
uterine contraceptive device), with the intention of inserting the device
in the cervix, directly backwards through the posterior fornix. To make
matters worse, this is the only part of the vagina which is covered
by peritoneum; the peritoneal cavity is thus entered and peritonitis
follows.

Blood supply

Arterial supply is from the internal iliac artery via its vaginal, uterine,
internal pudendal and middle rectal branches.
A venous plexus drains via the vaginal vein into the internal iliac vein.

Lymphatic drainage (see Fig. 103)

e Upper third to the external and internal iliac nodes.
e Middle third to the internal iliac nodes.
* Lower third to the superficial inguinal nodes.

Structure

A stratified squamous epithelium lines the vagina and the vaginal cervix;
it contains no glands and is lubricated partly by cervical mucus and partly
by desquamated vaginal epithelial cells. In nulliparous women the vaginal
wall is rugose, but it becomes smoother after childbirth. The rugae of the
anterior wall are situated transversely; this allows for filling of the bladder
and for intercourse. In contrast, the rugae on the posterior wall run longi-
tudinally. This allows for sideways stretching to accommodate a rectum
distended with stool and for the passage of the fetal head.

Beneath the epithelial coat is a thin connective tissue layer separating it
from the muscular wall, which is made up of a criss-cross arrangement of
involuntary muscle fibres. This muscle layer is ensheathed in a fascial
capsule that blends with adjacent pelvic connective tissues, so that the
vagina is firmly supported in place.

In old age the vagina shrinks in length and diameter. The cervix projects
far less into it so that the fornices all but disappear.

The uterus (Figs 99, 100)

The uterus is a pear-shaped organ, 7.5cm (3in) in length, made up of the
fundus, body and cervix. The Fallopian (uterine) tubes enter into each supero-
lateral angle (the cornu), above which lies the fundus.

The body of the uterus narrows to a waist termed the isthmus, continu-
ing into the cervix which is embraced about its middle by the vagina; this
attachment delimits a supravaginal and vaginal part of the cervix.



Fig. 100 Coronal section
of the uterus and vagina.
Note the important
relationships of the
ureter and uterine artery.

The female genital organs 145

Lateral cornu Cavity Fundus

Ovarian

artery Body

Isthmus

Uterine artery Internal os

Cervical canal

Ureter

Lateral fornix

External os

Vagina

The isthmus is 1.5mm wide. The anatomical internal os marks its junc-
tion with the uterine body but its mucosa is histologically similar to the
endometrium. The isthmus is that part of the uterus which becomes the
lower segment in pregnancy.

The cavity of the uterine body is triangular in coronal section, but in the
sagittal plane it is no more than a slit. This cavity communicates via the
internal os with the cervical canal, which, in turn, opens into the vagina by
the external os.

The nulliparous external os is circular, but after childbirth it becomes a
transverse slit with an anterior and a posterior lip.

The non-pregnant cervix has the firm consistency of the nose; the preg-
nant cervix has the soft consistency of the lips.

In fetal life the cervix is considerably larger than the body; in childhood
(the infantile uterus) the cervix is still twice the size of the body but, during
puberty, the uterus enlarges to its adult size and proportions by relative
overgrowth of the body. The adult uterus is bent forwards on itself at about
the level of the internal os to form an angle of 170°; this is termed anteflexion
of the uterus. Moreover, the axis of the cervix forms an angle of 90° with the
axis of the vagina — anteversion of the uterus. The uterus thus lies in an
almost horizontal plane.

In retroversion of the uterus, the axis of the cervix is directed upwards and
backwards. Normally, on vaginal examination the lowermost part of the
cervix to be felt is its anterior lip; in retroversion, either the os or the poste-
rior lip becomes the presenting part.

In retroflexion the axis of the body of the uterus passes upwards and
backwards in relation to the axis of the cervix.
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(a) Normal (b) Retroflexion
(anteflexed, (uterus still
anteverted) anteverted)

(c) Retroversion (d) Retroversion
(uterus still and
anteflexed) retroflexion

Fig. 101 Variations in uterine position and their terminology.

Frequently these two conditions co-exist. They may be mobile and
symptomless — as a result of distension of the bladder or purely as a
development anomaly. Indeed, mobile retroversion is found in a quarter
of the female population and may be regarded as a normal variant.
Less commonly, they are fixed, the result of adhesions, previous pelvic
infection, endometriosis or the pressure of a tumour in front of the
uterus (Fig. 101).

Relations

e Anteriorly — the body is related to the uterovesical pouch of peritoneum
and lies either on the superior surface of the bladder or on coils of intes-
tine. The supravaginal cervix is related directly to the bladder, separated
only by connective tissue. The infravaginal cervix has the anterior fornix
immediately in front of it.

* Posteriorly — lies the pouch of Douglas, with coils of intestine within it.

e Laterally — the broad ligament and its contents; the ureter lies approximately
1.2cm (0.5in) lateral to the supravaginal cervix.
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CLINICAL FEATURES

The most important single practical relationship in this region is that of
the ureter to the supravaginal cervix. At this point, the ureter lies just
above the level of the lateral fornix, below the uterine vessels as these pass
across within the broad ligament (Fig. 102). In performing a hysterectomy,
the ureter may be accidentally divided in clamping the uterine vessels,
especially when the pelvic anatomy has been distorted by a previous
operation, a mass of fibroids, infection or malignant infiltration.

The ureter is readily infiltrated by lateral extension of a carcinoma of
the uterus; bilateral hydronephrosis with uraemia is a frequent mode
of termination of this disease.

The close relationship of the ureter to the lateral fornix is best appreciated
by realizing that a ureteric stone at this site can be palpated on vaginal
examination. (This is the answer to the examination question: ‘When can a
stone in the ureter be felt?’)

Ovary with ovarian

Fallopian tube -
ligament

Round ligament

Broad ligament

Ureter

Vaginal branch of

h Uterine artery
uterine artery

Fig. 102 Lateral view of the uterus (schematic) to show the composition of
the broad ligament, the relations of the ureter and uterine artery, and the
peritoneal covering of the uterus (pink).

Blood supply

The uterine artery (from the internal iliac) runs in the base of the broad
ligament and crosses above and at right angles to the ureter to reach the
uterus at the level of the internal os (Fig. 102). The artery then ascends in
a tortuous manner alongside the uterus, supplying the corpus, and then
anastomoses with the ovarian artery. The uterine artery also gives off a
descending branch to the cervix and branches to the upper vagina. The
veins accompany the arteries and drain into the internal iliac veins, but
they also communicate via the pelvic plexus with the veins of the vagina
and bladder.
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Lymphatic drainage (Fig. 103)

1 The fundus (together with the ovary and Fallopian tube) drains along
the ovarian vessels to the aortic nodes — apart from some lymphatics,
which pass along the round ligament to the inguinal nodes.

2 The body drains via the broad ligament to nodes lying alongside the
external iliac vessels.

3 The cervix drains in three directions — laterally, in the broad ligament, to
the external iliac nodes; posterolaterally along the uterine vessels to the
internal iliac nodes; and posteriorly along the recto-uterine folds to the
sacral nodes.

Always examine the inguinal nodes in a suspected carcinoma of the cor-
pus uteri — they may be involved by lymphatic spread along the round
ligament.

Structure

The body of the uterus is covered with peritoneum except where this is
reflected off at two sites, anteriorly onto the bladder at the uterine isthmus
and laterally at the broad ligaments. Anteriorly, the peritoneum is only
loosely adherent to the supravaginal cervix; this allows for bladder disten-
sion. The muscle wall is thick and made up of a criss-cross of involuntary
fibres mixed with fibro-elastic connective tissue.

The mucosa is applied directly to muscle with no submucosa interven-
ing. The mucosa of the body of the uterus is the endometrium, made up of a
single layer of cuboidal ciliated cells forming simple tubular glands which

Fig. 103 Lymphatic
drainage of the uterus
and vagina.
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dip down to the underlying muscular wall. Below this epithelium is a

stroma of connective tissue containing blood vessels and round cells.

The cervical canal epithelium is made up of tall columnar cells which
form a series of complicated branching glands; these secrete an alkaline
mucus that forms a protective ‘cervical plug’ filling the canal.

The vaginal aspect of the cervix is covered with a stratified squamous
epithelium continuous with that of the vagina.

The mucosa of the corpus undergoes extensive changes during the men-
strual cycle, which may be briefly summarized thus:

1 first 4 days — desquamation of its superficial two-thirds with bleeding;

2 subsequent 2-3 days - rapid reconstitution of the raw mucosal surface
by growth from the remaining epithelial cells in the depths of the glands;

3 by the 14th day the endometrium has reformed; this is the end of the
proliferative phase;

4 from the 14th day until the menstrual flow commences is the secretory
phase; the endometrium thickens, the glands lengthen and distend with
fluid and the stroma becomes oedematous and stuffed with white cells.
At the end of this phase three layers can be defined:

1 a compact superficial zone;

2 aspongy middle zone — with dilated glands and oedematous stroma;

3 abasal zone of inactive non-secreting tubules.

With degeneration of the corpus luteum there is shrinkage of the endo-
metrium, the arteries retract and coil, producing ischaemia of the middle
and superficial zones, which then desquamate. It is probable that spasm of
the vessels in the basal layer (which remains non-desquamated) prevents
the woman bleeding to death.

Only very slight desquamation and bleeding takes place in the mucosa
of the cervical canal.

The fallopian tubes (Fig. 104)

The Fallopian, or uterine, tubes are approximately 10cm (4in) long; they
lie in the free edge of the broad ligaments and open into the cornu of the
uterus. Each comprises four parts.

1 The infundibulum — the bugle-shaped extremity extending beyond the
broad ligament and opening into the peritoneal cavity by the ostium. Its
mouth is fimbriated and overlies the ovary, to which one long fimbria
actually adheres (fimbria ovarica).

2 The ampulla — wide, thin-walled and tortuous.

3 The isthmus — narrow, straight and thick-walled.

4 The interstitial part — which pierces the uterine wall.

Structure

Apart from the interstitial part, the tube is clothed in peritoneum. Beneath
this is a muscle of outer longitudinal and inner circular fibres.

The mucosa is formed of columnar, mainly ciliated cells and lies in lon-
gitudinal ridges, each of which is thrown into numerous folds.



150 The abdomen and pelvis

Ovarian
Isthmus Iigament __Infundibulo-
/

pelvic ligament
with ovarian vessels

- Ampulla

Infundibulum

—— Fimbriae

Hydatid

Ovary

Broad ligament

Fig. 104 The Fallopian
tube, ovary and broad
ligament (viewed from
behind).

The ova are propelled to the uterus along this tube, partly by peristalsis
and partly by cilial action.

CLINICAL FEATURES

1 Note that the genital canal in the female is the only direct communication
into the peritoneum from the exterior and is a potential pathway for
infection (e.g. in gonorrhoea).

2 The fertilized ovum may implant ectopically, i.e. in a site other than the
endometrium of the corpus uteri. When this occurs in the Fallopian
tube it is called, according to the exact site, fimbrial, ampullary, isthmic
or interstitial, of which the ampullary is the commonest and interstitial
the rarest.

As the ectopic embryo enlarges, it may abort into the peritoneal cavity
(where rarely it continues to grow as a secondary abdominal pregnancy),
or else ruptures the tube. This second fate is particularly likely to occur
in the narrow and relatively non-distensible isthmus; rupture is usually
into the peritoneal cavity but may rarely occur into the broad ligament.

The ovary (Fig. 104)

The ovary is an almond-shaped organ, 4cm (1.5in) long, attached to
the back of the broad ligament by the mesovarium. The ovary has two
other attachments: the infundibulopelvic ligament (sometimes called the
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suspensory ligament of the ovary), along which pass the ovarian vessels,
sympathetic nerves and lymphatics from the side wall of the pelvis, and
the ovarian ligament, which passes to the cornu of the uterus.

Relations

The ovary is usually described as lying on the side wall of the pelvis
opposite the ovarian fossa, which is a depression bounded by the external
iliac vessels in front and the ureter and internal iliac vessels behind and
which contains the obturator nerve. However, the ovary is extremely
variable in its position and is frequently found prolapsed into the pouch of
Douglas in perfectly normal women.

The ovary, like the testis, develops from the genital ridge and then
descends into the pelvis. In the same way as the testis, it therefore drags
its blood supply and lymphatic drainage downwards with it from the
posterior abdominal wall.

Blood supply, lymphatic drainage and nerve supply

Blood supply is from the ovarian artery, which arises from the aorta at the
level of the renal arteries. The ovarian vein drains, on the right side, to
the inferior vena cava and, on the left, to the left renal vein, exactly compa-
rable to the venous drainage of the testis.

Lymphatics pass to the aortic nodes at the level of the renal vessels,
following the general rule that lymphatic drainage accompanies the
venous drainage of an organ.

Nerve supply is from the aortic plexus (T10 and T11); hence, referral
of ovarian pain to the loin and groin. These are sympathetic (pain-
conducting) afferent fibres.

All these structures pass to the ovary in the infundibulopelvic
ligament.

Structure

The ovary has no peritoneal covering; the serosa ends at the mesovarian
attachment. It consists of a connective tissue stroma containing Graafian
follicles at various stages of development, corpora lutea and corpora albicantia
(hyalinized, regressing corpora lutea, which take several months to absorb
completely).

The surface of the ovary in young children is covered with a so-called
‘germinal epithelium’ of cuboidal cells. It is now known, however, that
the primordial follicles develop in the ovary in early fetal life and do not
differentiate from these cells. In adult life, in fact, the epithelial covering
of the ovary disappears, leaving only a fibrous capsule termed the
tunica albuginea.

After the menopause the ovary becomes small and shrivelled; in old age,
the follicles disappear completely.
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The endopelvic fascia and the pelvic
ligaments (Fig. 105)

Pelvic fascia is the term applied to the connective tissue floor of the pelvis
covering levator ani and obturator internus. The endopelvic fascia is
the extraperitoneal cellular tissue of the uterus (the parametrium), vagina,
bladder and rectum. Within this endopelvic fascia are three important
condensations of connective tissue which sling the pelvic viscera from the
pelvic walls.

1 The cardinal ligaments (transverse cervical, or Mackenrodt’s ligaments),
which pass laterally from the cervix and upper vagina to the side walls
of the pelvis along the lines of attachment of levator ani, are composed
of white fibrous connective tissue with some involuntary muscle fibres
and are pierced in their upper part by the ureters.

2 The uterosacral ligaments, which pass backwards from the posterolateral
aspect of the cervix at the level of the isthmus and from the lateral vaginal
fornices deep to the uterosacral folds of peritoneum in the lateral bound-
aries of the pouch of Douglas, are attached to the periosteum in front of
the sacro-iliac joints and the lateral part of the third piece of the sacrum.

3 The pubocervical fascia extends forwards from the cardinal ligament to
the pubis on either side of the bladder, for which it acts as a sling.

These three ligaments act as supports to the cervix of the uterus and the
vault of the vagina, in conjunction with the important elastic muscular
foundation provided by levator ani. In prolapse, these ligaments lengthen
(in procidentia — complete uterine prolapse — they may be 15cm (6in) long)
and any repair operation must include their reconstitution.

Two other pairs of ligaments take attachments from the uterus.

1 The broad ligament is a fold of peritoneum connecting the lateral margin
of the uterus with the side wall of the pelvis on each side. The uterus
and its broad ligaments, therefore, form a partition across the pelvic
floor dividing off an anterior compartment, containing the bladder
(the uterovesical pouch), from a posterior compartment, containing the
rectum (the pouch of Douglas or recto-uterine pouch).

Fig. 105 The pelvic
ligaments seen from
above.
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The broad ligament contains or carries (Figs 102, 104):

e the Fallopian (uterine) tube in its free edge;

* the ovary, attached by the mesovarium to its posterior aspect;

e the round ligament;

e the ovarian ligament, crossing from the ovary to the uterine cornu (see
‘The ovary’, page 150);

¢ the uterine vessels and branches of the ovarian vessels;

e lymphatics and nerve fibres.
The ureter passes forwards to the bladder deep to this ligament and
lateral to and immediately above the lateral fornix of the vagina.

2 The round ligament — a fibromuscular cord — passes from the lateral angle
of the uterus in the anterior layer of the broad ligament to the internal
inguinal ring; thence it traverses the inguinal canal to the labium majus.
Taken together with the ovarian ligament, it is equivalent to the male
gubernaculum testis and can be thought of as the pathway along which
the female gonad might have descended, but in fact did not, to the
labium majus (the female homologue of the scrotum). Compare this pro-
cess with descent of the testis (page 126).

Vaginal examination

The relations of the vagina to the other pelvic organs must be constantly

borne in mind when carrying out a vaginal examination.

Inspection (by means of a speculum) enables the vaginal walls and cer-
vix to be examined and a biopsy or cytological smear to be taken. Inspection
of the introitus while straining detects prolapse and the presence of stress
incontinence.

o Anteriorly — the urethra, bladder and symphysis pubis are felt.

e Posteriorly — the rectum (invasion of the vagina by a rectal neoplasm
must always be sought after in this disease). Collections of fluid,
malignant deposits, prolapsed uterine tubes and ovaries or coils of
distended bowel may be felt in the pouch of Douglas.

e Laterally — the ovary and tube, and the side wall of the pelvis. Rarely, a
stone in the ureter may be felt through the lateral fornix. The strength of
the perineal muscles can be assessed by asking the patient to tighten up
her perineum.

* Apex — the cervix is felt projecting back from the anterior wall of the
vagina. In the normal anteverted uterus the anterior lip of the cervix
presents; in retroversion, either the cervical os or the posterior lip are
first to be felt.

Pathological cervical conditions — for example, neoplasm — can be felt, as
can the softening of the cervix in pregnancy and its dilatation during
labour.

Bimanual examination assesses the pelvic size and position of the uterus,
enlargements of ovary or uterine tubes and the presence of other pelvic
masses.

The obstetrician can assess the pelvic size in both the transverse and
anteroposterior diameter. Particularly important is the distance from the
lower border of the symphysis pubis to the sacral promontory, which is
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termed the diagonal conjugate. If the pelvis is of normal size, the examiner’s
fingers should fail to reach the promontory of the sacrum. If it is readily
palpable, pelvic narrowing is present (see ‘Obstetrical pelvic measure-
ments’, page 135).

Embryology of the fallopian tubes, uterus
and vagina (Fig. 106)

The paramesonephric (or Miillerian) ducts develop, one on each side, adjacent
to the mesonephric (Wolffian) ducts in the posterior abdominal wall — they
are mesodermal in origin. All these four tubes lie close together caudally,
projecting into the anterior (urogenital) compartment of the cloaca.

Paramesonephric
Miillerian duct

Mesonephric duct _____Mesonephric

duct absorbs

Urogenital sinus

Cloacal membrane

— Uterus

—Vagina

Paramesonephric
ducts

Parietal
peritoneum

Broad ligament

Genital tract

(ii)

(d)

Fig. 106 Development of the Fallopian tubes, uterus and vagina from the
paramesonephric (Miillerian) ducts and the urogenital sinus (after Hollinshead)
(a—c), and formation of the broad ligament (d).
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One system disappears in the male, the other in the female, each leaving
behind congenital remnants of some interest to the clinician.

In the male, the paramesonephric duct disappears, apart from the
appendix testis and the prostatic utricle. In the female, the mesonephric
system (which in the male develops into the vas deferens and epididymal
ducts) persists as remnants in the broad ligament termed the epodphoron,
parodphoron and ducts of Girtner.

The paramesonephric ducts in the female form the Fallopian tubes
cranially. More caudally, they come together and fuse in the midline
(dragging, as they do so, a peritoneal fold from the side wall of the pelvis
which becomes the broad ligament). The median structure so formed
differentiates into the epithelium of the uterine body (endometrium),
cervical canal and upper one-third of the vagina, which are first solid and
later become canalized. The rest of the vaginal epithelium develops by
canalization of the solid sinuvaginal node at the back of the urogenital
sinus. This accounts for the differences in lymphatic drainage of the upper
and lower vagina (Fig. 103). The muscle of the Fallopian tubes, uterine
body, cervix and vagina develops from surrounding mesoderm, so that
remnants of the mesonephric duct system of the female are found in the
myometrium, cervix and vaginal wall.

Developmental abnormalities of this system can easily be deduced. All
stages of division of the original double tube may persist from a bicornuate
uterus to a complete reduplication of the uterus and vagina. Alternatively,
there may be absence, hypoplasia or atresia of the duct system on one or
both sides.

Failure of canalization of the originally solid caudal end of the duct
results, after puberty, in the accumulation of menstrual blood above the
obstruction. First the vagina may distend with blood, then the uterus
and then the tubes (haematocolpos, haematometra and haematosalpinx,
respectively).

The posterior abdominal wall

The bed of the posterior abdominal wall is made up of three bony and four
muscular structures.
The bones are:
e the bodies of the lumbar vertebrae;
e the sacrum;
e the wings of the ilium.
The muscles are:
e the diaphragm — posterior part;
e the quadratus lumborum;
e the psoas major;
e the iliacus.
The diaphragm has been considered in the section on the thorax
(see page 14).
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The psoas must be dealt with in more detail because of the involvement
of its sheath in the formation of a psoas abscess.

The psoas major arises from the transverse processes of all the lumbar
vertebrae and from the sides of the bodies and the intervening discs of the
T12 to L5 vertebrae. It passes downwards and laterally at the margin of the
brim of the pelvis, narrowing down to a tendon which crosses the front of
the hip joint beneath the inguinal ligament to be inserted, with iliacus, into
the lesser trochanter of the femur (Fig. 107).

The psoas major, together with iliacus, flexes the hip on the trunk, or,
alternatively, the trunk on the hips (e.g. in sitting up from the lying posi-
tion). Psoas minor, absent in 40% of subjects, lies on psoas major and
attaches to the iliopubic eminence.

CLINICAL FEATURES

1 The femoral artery lies on the psoas tendon in the groin, and it is this firm
posterior relation of the femoral artery at the groin which enables it here
to be identified and compressed easily by the finger.

2 The psoas is enclosed in the psoas sheath, which is a compartment of the
lumbar fascia. Pus from a tuberculous infection of the lumbar vertebrae
is limited in its anterior spread by the anterior longitudinal vertebral
ligament, and therefore passes laterally into its sheath (psoas abscess),
which may also be entered by pus tracking down from the posterior
mediastinum in disease of the thoracic vertebrae. Pus may then spread
under the inguinal ligament into the femoral triangle, where it produces
a soft swelling (Fig. 107). Occasionally, in completely neglected cases,
pus tracks along the femoral vessels, along the subsartorial canal and
eventually appears in the popliteal fossa.

The retroperitoneal organs are: the pancreas, kidneys and ureters (which

have already been considered), the suprarenals, the aorta and inferior vena

cava and their main branches, the para-aortic lymph nodes and the lumbar
sympathetic chain.

Fig. 107 Psoas sheath
and psoas abscess. On
the right side is a normal
psoas sheath; on the

left side it is shown
distended with pus,
which tracks under the
inguinal ligament to
present in the groin.
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The suprarenal glands (Fig. 79)

The suprarenal glands cap the upper poles of the kidneys and lie against
the crura of the diaphragm. The left is related anteriorly to the stomach
across the lesser sac; the right lies behind the right lobe of the liver and
tucks medially behind the inferior vena cava.

Each gland, although weighing only 3-4 g, has three arteries supplying
it:

1 a direct branch from the aorta;
2 abranch from the phrenic artery;
3 abranch from the renal artery.

The single main vein drains from the hilum of the gland into the nearest
available vessel — the inferior vena cava on the right, the renal vein on the
left. The stubby right suprarenal vein, coming directly from the inferior
vena cava, presents the most dangerous feature in performing an
adrenalectomy — the tiro should always choose the easier left side and
leave the right to his chief.

The suprarenal gland comprises a cortex and medulla, which represent
two developmentally and functionally independent endocrine glands
within the same anatomical structure. The medulla is derived from the
neural crest (neuroectoderm), whose cells also give rise to the sympa-
thetic ganglia. The cortex, on the other hand, is derived from the
mesoderm. The suprarenal medulla receives preganglionic sympathetic
fibres from the greater splanchnic nerve and secretes adrenaline
(epinephrine) and noradrenaline (norepinephrine). The cortex secretes
the adrenocortical hormones.

Abdominal aorta (Fig. 108)

The aorta enters the abdomen via the aortic hiatus in the diaphragm at the
level of the 12th thoracic vertebra and ends at the level of L4 in the suprac-
ristal (transcristal) plane (Fig. 40). It lies throughout this course against the
vertebral bodies and is easily palpable in the midline. The normal abdomi-
nal aorta measures approximately 1-1.5cm (0.5in) in diameter. In the
elderly it is frequently thickened and dilated. An early aneurysmal dilata-
tion is considered to be present if the diameter reaches 4cm (1.5in).
Anteriorly, from above down, it is related to the pancreas (separating it
from the stomach), the third part of the duodenum and coils of small
intestine. It is crossed by the left renal vein. A large tumour of pancreas or
stomach, a mass of enlarged para-aortic nodes or a large ovarian cyst may
transmit the pulsations of the aorta and be mistaken for an aneurysm.
The branches of the aorta are:
1 three anterior unpaired branches passing to the viscera:
a the coeliac axis — giving off the
e hepatic artery
e splenic artery
e left gastric artery
b the superior mesenteric artery
c the inferior mesenteric artery
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Fig. 108 The abdominal aorta, the inferior vena cava and their main branches.

2 three lateral paired branches passing to viscera:

a the suprarenal artery

b the renal artery

c the testicular or ovarian artery
3 five lateral paired branches to the parietes:

a the inferior phrenic artery

b four lumbar branches
4 terminal branches:

a the common iliacs

b the median sacral artery.

The common iliac arteries pass, one on each side, downwards and out-
wards to bifurcate into the internal and external iliacs in front of the sacro-
iliacjoint, at the level of the sacral promontory. They give no other branches.

At the bifurcation, the common iliac artery is crossed superficially by the
ureter — a convenient site to identify this latter structure in pelvic
operations.

The external iliac artery runs along the brim of the pelvis on the medial
side of psoas major. The artery passes below the inguinal ligament to
form the femoral artery, giving off, immediately before its termination, the
inferior epigastric artery, which demarcates the medial edge of the internal
inguinal ring (Fig. 43) and also the deep circumflex iliac artery.

The internal iliac artery passes backwards and downwards into the
pelvis, sandwiched between the ureter anteriorly and the internal iliac
vein posteriorly. At the upper border of the greater sciatic notch it divides
into an anterior and posterior division, which give off numerous branches
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Fig. 109 The aortic bifurcation and the right internal iliac artery. The internal iliac
artery divides into anterior and posterior divisions. The latter gives rise to the
superior gluteal artery, whereas the former gives off all the visceral branches.
(Although the branches of the internal iliac artery are fairly constant, the arrangement
of these branches is variable.) Hatching indicates arteries present only in the female.

to supply the pelvic organs, perineum, buttock and sacral canal (Fig. 109).
These are:
1 parietal branches to the inner and outer walls of the pelvis, sacrum and

sacral canal, the perineum and the buttock:

a iliolumbar

b lateral sacral

¢ obturator

d superior gluteal

e inferior gluteal

f internal pudendal
2 visceral branches to the pelvic organs:

a superior vesical

b inferior vesical (vaginal in the female)

¢ middle rectal.

In addition, in the female, the uterine artery, which arises above the
vaginal.

These arteries are accompanied by their corresponding veins, which
drain to the internal iliac vein

Inferior vena cava (Fig. 108)

The inferior vena cava commences at L5 by the junction of the common
iliac veins behind the right common iliac artery (unlike the usual arrange-
ment of a vein being superficial to its corresponding artery). It lies to the



160 The abdomen and pelvis

right of the aorta as it ascends until separated from it by the right crus of
the diaphragm when the aorta pierces this muscle. The inferior vena cava
itself passes through the diaphragm at T8 (Fig. 11), traverses the pericar-
dium and drains into the right atrium.

As the inferior vena cava ascends, it is related anteriorly to coils of small
intestine, the third part of the duodenum, the head of the pancreas with
the common bile duct and the first part of the duodenum. It then passes
behind the foramen of Winslow, in front of which lies the portal vein, sep-
arating it from the common bile duct and hepatic artery. Finally, the infe-
rior vena cava lies in a deep groove in the liver before piercing the
diaphragm. Within the liver it receives the right and left hepatic veins.
Occasionally, these veins fuse into a single trunk that opens directly into
the inferior vena cava; on other occasions, the central hepatic vein (which
usually enters the left hepatic near its termination) drains directly into the
inferior vena cava (Fig. 72). These variations are now of importance
because of the possibility of carrying out resection of one or other lobe of
the liver.

Lumbar sympathetic chain

The lumbar part of the sympathetic trunk commences deep to the medial
arcuate ligament of the diaphragm as a continuation of the thoracic
sympathetic chain (see Fig. 271). On each side it lies against the bodies of
the lumbar vertebrae, overlapped, on the right side, by the inferior vena
cava and, on the left, by the aorta.

The lumbar arteries lie deep to the chain but the lumbar veins may cross
superficial to it and are of importance because they may be damaged in
performing a sympathectomy.

Below, the lumbar trunk passes deep to the iliac vessels to continue as
the sacral trunk in front of the sacrum. Inferiorly, the chains converge and
unite in front of the coccyx as the small ganglion impar.

Usually the lumbar trunk carries four ganglia, although sometimes these
are condensed to three. All four send grey rami communicantes to the lum-
bar spinal nerves; in addition, the upper two ganglia receive white rami.

Branches from the chain pass to plexuses around the abdominal aorta
and its branches, which also receive fibres from the splanchnic nerves and
the vagus. Other branches pass in front of the common iliac vessels as the
hypogastric plexus (‘presacral nerves’) to supply the pelvic viscera via
plexuses of nerves distributed along the branches of the internal
iliac artery.

The splanchnic nerves also transmit afferent fibres from the abdominal
viscera to the brain. These nerves are stimulated by violent visceral muscle
contraction (‘colic’), ischaemia, inflammation, distension and traction and
account for the perception of pain from the abdominal and pelvic viscera
under pathological conditions (see also pages 422 and 423 and Fig. 271).

The parasympathetic supply to the pelvic viscera arises from the ante-
rior primary rami of S2, S3 and S4 and is distributed through the pelvic
plexuses (see page 417).



Fig. 111 CT scan at the
level of the 2nd lumbar
vertebra demonstrating
the kidneys, aorta,
inferior vena cava, the
liver, renal and superior
mesenteric vessels,

and the muscles of the
abdominal wall. The
blood vessels, again,
have been enhanced by
an intravenous injection
of contrast.
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Fig. 110 CT scan at the level of the 1st lumbar vertebra. This demonstrates the liver,
gall bladder, aorta with the commencement of the superior mesenteric artery, the
inferior vena cava, the crura of the diaphragm, the kidneys, the pancreas and the
spleen. The splenic vein can be seen as it passes to the splenic hilum posterior to
the body of the pancreas. The vena cava lies on the right crus. The vessels have
been enhanced by an intravenous injection of contrast.
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Computed axial tomography

Computed axial tomography (CT scanning) has revealed a fresh dimension to
the importance of topographical anatomy. It is now necessary for clinicians
to possess a detailed knowledge of the cross-sectional relationships of the
body in health so that pathological abnormalities can be appreciated.
Figures 110 and 111 demonstrate CT scan cuts of the abdomen at the levels
of the 1st and 2nd lumbar vertebral bodies, respectively. Clinical students
should take every opportunity of studying normal scans with the help of a
skilled radiologist.
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Surface anatomy and surface
markings of the upper limb

Much of the surface anatomy of the limbs can be studied on oneself, or on
an obliging colleague with a suitable body mass index!

Bones and joints (see Figs 117, 119, 120, 122)

The subcutaneous border of the clavicle can be palpated along its entire
length; the supraclavicular nerves crossing the surface of the clavicle can
occasionally be felt against the underlying bone.

The acromion process forms a distinct bony edge at the lateral extremity of
the scapular spine. It lies immediately above the smooth bulge of the deltoid
muscle, which itself covers the greater tubercle of the humerus. Less easily
identified is the coracoid process of the scapula, lying immediately below the
clavicle at the junction of the middle and outer thirds, and covered by the
anterior fibres of the deltoid.

The medial border of the scapula can be both seen and felt. Abduction of
the arm is a complex affair made up of abduction at the shoulder joint,
depression at the sternoclavicular joint and rotation of the scapula; the last
two are readily confirmed by self-palpation.

With the shoulder abducted, the head of the humerus can be felt at the apex
of the axilla; note its movement with rotation of the arm.

At the elbow, the three bony landmarks are the olecranon process and the
medial and lateral epicondyles. A supracondylar fracture lies above these
points, which therefore remain in their triangular relationship to each
other; in dislocation of the elbow, however, the olecranon comes to lie more
or less in line with the epicondyles (Fig. 112).

Note a hollow in the posterolateral aspect of the extended elbow distal
to the lateral epicondyle; this lies over the head of the radius, which can be
felt to rotate during pronation and supination.

The posterior border of the ulna is completely subcutaneous and crossed
by no named vessels or nerve; it can therefore be exposed surgically from
end to end without danger.

At the wrist, the styloid processes of the radius and ulna can be felt; the
former extends more distally. The radial styloid lies in the floor of the ‘ana-
tomical snuffbox’, while the ulnar styloid can be felt (and usually seen) on
the dorsal aspect of the head of the ulna. The dorsal tubercle of Lister is palpa-
ble on the posterior aspect of the distal end of the radius.

In the palm of the hand, palpate the pisiform at the base of the hypothe-
nar eminence. Flexor carpi ulnaris is inserted into it and when this tendon is
relaxed by flexing the wrist the pisiform can be moved a little from side to
side. The hook of the hamate can be felt by deep palpation just disto-radial
to the pisiform. The scaphoid is felt at the base of the thenar eminence and
also within the anatomical snuffbox, where there is characteristic tender-
ness when this bone is fractured. In a thin subject, the pisiform and the
tubercle of the scaphoid can be seen as bulges when the wrist is extended.

165
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(a) Normal (b) Dislocation (c) Supracondylar fracture

Muscles and tendons

The anterior fold of the axilla is formed by the pectoralis major, and the
posterior fold of the axilla by the teres major and latissimus dorsi. The digi-
tations of serratus anterior can be seen in a muscular subject on the medial
axillary wall.

In the upper arm the deltoid forms the smooth contour of the shoulder.
The biceps and brachialis constitute the bulk of the anterior aspect of the
arm, and the triceps its posterior aspect. The tendon of biceps is easily felt,
and often seen, at the elbow when this is flexed to a right angle. Inmediately
medial to this, palpate the pulse of the brachial artery. Firm pressure imme-
diately medial to this will, in turn, produce paraesthesiae in the hand as
the median nerve is palpated (see Fig. 134).

When the forearm is flexed against resistance, the brachioradialis presents
prominently along its radial border.

At the wrist (Figs 113, 114, 115) it is convenient to commence at the radial
pulse. The tendon medial to this is that of the flexor carpi radialis, then
palmaris longus (which may be absent), then the cluster of tendons of flexor
digitorum superficialis. The tendon of flexor carpi ulnaris lies most medially,
inserting into the pisiform; the ulnar pulse can be felt just to the radial side
of this tendon.

On the dorsal aspect of the wrist (Figs 114, 115) the anatomical snuffbox
is bordered by the tendons of abductor pollicis longus and extensor pollicis
brevis laterally and that of extensor pollicis longus medially (i.e. towards the
ulnar border) — the last can be traced to the base of the terminal phalanx of
the extended thumb. The tendons of extensor digitorum are seen in the
extended hand passing over the dorsal aspects of the proximal phalanges
of the fingers.

Vessels

Feel the pulsations of the subclavian artery against the first rib, the brachial
artery against the humerus, the radial and ulnar arteries at the wrist and the
radial artery again in the anatomical snuffbox.

Fig. 112 The relationship
of the medial and

lateral epicondyles to
the olecranon process

(a) is disturbed in a
dislocation of the elbow
(b) but maintained in a
supracondylar fracture (c).



Surface anatomy and surface markings of the upper limb 167

Palmaris longus
Flexor digitorum
superficialis

Flexor carpi ulnaris

Flexor carpi radialis
Radial artery
Median nerve

Ulnar artery
and nerve

Flexor retinaculum
Thenar muscles

Hypothenar muscles
Recurrent motor
branch of
median nerve

Extensor

Extensor digiti X1
digitorum

minimi

Extensor carpi
ulnaris

Abductor
pollicis longus

Extensor
pollicis brevis

Extensor
pollicis longus

Radial artery

Extensor carpi
radialis longus

Fig. 114 The structures and brevis

on the posterior aspect of
the right wrist.

Extensor indicis

Radial artery @Eg ulnaris
Abductor pollicis @m .&,\.; Ulnar artery
o % and nerve
~Cplen- Radius

MRl

Median nerve
Flexor pollicis Flexor digitorum
Iongus_ superficialis and
Flexor carpi profundus
radialis —@ DO Flexor carpi
Extensor pollicis o i
brevis .__@ =

Extensor

{ Longus —% Extensor carpi

carpi ) Q .

radialis Brevis @ ulnaris
Extensor pollicis Extensor
longus digiti minimi

Extensor
digitorum

longus
Ulna

Extensor indicis

Fig. 115 Section immediately above the wrist joint.



168 The upper limb

The brachial artery bifurcates into its radial and ulnar branches at the
level of the neck of the radius and the line of the radial artery then corre-
sponds to the slight groove which can be seen along the ulnar border of the
tensed brachioradialis.

The veins of the upper limb (Fig. 116) comprise the deep venae comitantes,
which accompany all the main arteries, usually in pairs, and the much
more important superficial veins — more important both in size and in
practical value because of their use for venepuncture and transfusion.

These superficial veins can be seen as a dorsal venous network on the
back of the hand that drains into a lateral cephalic and medial basilic vein.

The cephalic vein at its origin lies fairly constantly in the superficial fas-
cia just posterior to the radial styloid; even if not visible it can be cut down
upon confidently at this site. It then runs up the anterior aspect of the fore-
arm to lie in a groove along the lateral border of the biceps and then, after
piercing the deep fascia, in the groove between pectoralis major and the
deltoid, where again it can readily be exposed for an emergency cut-down.
It finally penetrates the clavipectoral fascia to enter the axillary vein.

The basilic vein runs along the posteromedial aspect of the forearm,
passes on to the anterior aspect just below the elbow and pierces the deep
fascia at about the middle of the upper arm. At the edge of the posterior
axillary fold it is joined by the venae comitantes of the brachial artery to
form the axillary vein.

Linking the cephalic and basilic veins just distal to the front of the elbow
is the median cubital vein, usually the most prominent superficial vein in the
body and visible or palpable when all others are hidden in fat or collapsed
in shock. It usually runs upwards and medially from the cephalic to the
basilic vein, giving a rather drunken ‘H’-shaped appearance, and receiving
a median forearm vein. A frequent variant is for the median forearm vein to
bifurcate just distal to the fossa — one branch passing to the cephalic, the
other to the basilic vein — giving an ‘M’-shaped pattern, which replaces the
median cubital vein. Since this area is so often used in venepuncture, you
will soon be familiar with these two appearances (Fig. 116b,c). It was the
antecubital vein that was favoured for the operation of bleeding, or phle-
botomy, in days gone by; the underlying brachial artery was protected from
the barber-surgeon’s knife by the bicipital aponeurosis, a condensation of
deep fascia passing across from the biceps tendon, which was therefore
termed the “grace a Dieu’ (praise be to God) fascia.

In more modern times one tries to avoid using this vein for injection of
intravenous barbiturates and other irritant drugs because of the slight risk
of entering the brachial artery and also because of the danger of piercing a
superficially placed abnormal ulnar artery in occasional instances of high
brachial artery bifurcation.

Nerves

A number of nerves in the upper limb can be palpated, particularly in a thin
subject; these are the supraclavicular nerves, as they pass over the clavicle, the
cords of the brachial plexus against the humeral head (with the arm abducted),
the median nerve in the mid-upper arm, crossing over the brachial artery, the
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ulnar nerve in the groove of the medial epicondyle and the superficial radial

nerve as it passes over the tendon of extensor pollicis longus at the wrist.
The median nerve lies first lateral then medial to the brachial artery,

crossing it at the mid-upper arm, usually superficially but occasionally
deeply. This close relationship is of historical interest: Nelson (Lord

(Viscount) Horatio Nelson (1758-1805) was one of England’s greatest

heroes; he was the most inspiring leader ever to command the British

Navy) had his median nerve accidentally incorporated in the ligature

around the artery when his arm was amputated above the elbow.

Useful surface markings of other, impalpable, nerves may be listed as
follows.

1 The axillary nerve is related closely to the surgical neck of the humerus
5cm (2in) below the acromion process.

2 The radial nerve crosses the posterior aspect of the humeral shaft at its
mid-point.

3 The posterior interosseous branch of the radial nerve is located by Henry’s
method as it winds round the radius. Place three fingers along the lateral
aspect of the upper end of the radius; the uppermost finger lies on the
radial head (feel it rotate on pronation and supination), and the lower-
most lies over the nerve.

4 The median nerve (Figs 113, 115) in the forearm lies, as its name suggests,
in the median plane; its area of distribution in the hand is thus anaesthe-
tized if local anaesthetic is injected exactly in the midline at the wrist.

5 The ulnar nerve at the wrist lies immediately medial to the ulnar pulse
(Figs 113, 115). In the hand, it passes on the radial side of the pisiform
and then lies on the hook of the hamate. If you press with your fingernail
just lateral to the pisiform bone, you will experience tingling in your
ulnar two fingers.

The bones and joints
of the upper limb

The scapula (Fig. 117)

This triangular bone bears three prominent features: the glenoid fossa later-
ally (which is the scapula’s contribution to the shoulder joint), the spine on
its posterior aspect, projecting laterally as the acromion process, and the cora-
coid process on its anterior aspect.

Its strong muscular coverings protect the scapula and only rarely is it
fractured, and then only as a consequence of direct and severe violence.

The clavicle (Fig. 117)

This long bone has a number of unusual features.

1 It has no medullary cavity.

2 It is the first to ossify in the fetus (5th-6th week).

3 Although a long bone, it develops in membrane and not in cartilage.
4 It is the most commonly fractured long bone in the body.



Fig. 117 The left scapula

and clavicle (anterior
aspect).
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The clavicle is made up of a medial two-thirds, which is circular in sec-
tion and convex anteriorly, and a lateral one-third, which is flattened in
section and convex posteriorly.

Medially it articulates with the manubrium at the sternoclavicular joint,
which contains a cartilaginous disc (an important, and often overlooked,
structure). It is a ball-and-socket joint that moves reciprocally with the
movements of the shoulder joint, around its fulcrum — the costoclavicular
ligament. Put a finger on the medial end of your clavicle; raise your shoul-
der - the sternoclavicular joint is depressed; retract your shoulder — the
sternoclavicular joint protracts, and so on. The patient may complain of a
‘painful stiff shoulder” when he actually has arthritis of the sternoclavicu-
lar joint.

Laterally the clavicle articulates with the acromion at the acromioclav-
icular joint (the joint containing an incomplete articular disc) and, in
addition, is attached to the coracoid process by the tough coracoclavicular
ligament.

The third parts of the subclavian vessels and the trunks of the brachial
plexus pass behind the middle third of the shaft of the clavicle, separated
only by the thin subclavius muscle. Fractures of the clavicle are common,
yet associated injury of the underlying subclavian vessels (except in pen-
etrating gunshot wounds) is extremely rare because of the protection
offered by this functionally insignificant slip of a muscle. Rarely, these
vessels (protected by the subclavius) are torn by the fragments of a frac-
tured clavicle; this was the cause of death of Sir Robert Peel (Prime
Minister of the United Kingdom 18341835, and again 1841-1846) follow-
ing a fall from his horse.

The sternal end of the clavicle has important posterior relations; behind
the sternoclavicular joints lie the common carotid artery on the left and
the bifurcation of the brachiocephalic artery on the right. The internal
jugular vein lies a little more laterally on either side. These vessels are
separated from bone by the strap muscles — the sternohyoid and
sternothyroid.
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CLINICAL FEATURES

The clavicle has three functions:

1 to transmit forces from the upper limb to the axial skeleton;

2 to act as a strut holding the arm free from the trunk, to hang supported
principally by trapezius;

3 to provide attachment for muscles.

The weakest point along the clavicle is the junction of the middle and
outer third. Transmission of forces to the axial skeleton in falls on the shoul-
der or hand may prove greater than the strength of the bone at this site, and
this indirect force is the usual cause of fracture.

When fracture occurs, the trapezius is unable to support the weight of
the arm so that the characteristic picture of the patient with a fractured
clavicle is that of a man supporting his sagging upper limb with his oppo-
site hand. The lateral fragment is not only depressed but also drawn medi-
ally by the shoulder adductors, principally teres major, latissimus dorsi and
pectoralis major (Fig. 118).

Sternocleidomastoid I

Gravity

Fig. 118 The deformity of a fractured clavicle — downward displacement and
adduction of the outer fragment by gravity and muscle spasm, respectively;
slight elevation of the inner fragment by the sternocleidomastoid.

The humerus (Fig. 119)

The upper end of the humerus consists of a head (one-third of a sphere)
facing medially, upwards and backwards, separated from the greater and
lesser tubercles by the anatomical neck. The tubercles, in turn, are separated
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Fig. 119 The (a) anterior and (b) posterior views of the right humerus. (c) The
humerus with its three major related nerves — axillary, radial and ulnar — all of
which are in danger of injury in humeral fractures.

from each other by the bicipital groove (intertubercular sulcus) along which
emerges the long head of biceps from the shoulder joint.

Where the upper end and the shaft of the humerus meet there is the
narrow surgical neck against which lie the axillary nerve and circumflex
humeral vessels. The shaft itself is circular in section above and flattened in
its lower part. The posterior aspect of the shaft bears the faint spiral groove
demarcating the origins of the medial and lateral heads of the triceps
between which wind the radial nerve and the accompanying profunda
vessels.

The lower end of the humerus bears the rounded capitulum laterally, for
articulation with the radial head, and the spool-shaped trochlea medially,
articulating with the trochlear notch of the ulna.

The medial and lateral epicondyles, on either side, are extracapsular; the
medial is the larger of the two, extends more distally and bears a groove on
its posterior aspect for the ulnar nerve.

Three important nerves thus come into close contact with the
humerus - the axillary, the radial and the ulnar; they may be damaged,
respectively, in fractures of the humeral neck, midshaft and lower end
(Fig. 119).
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It is an important practical point to note that the lower end of the
humerus is angulated forwards 45° on the shaft. This is easily confirmed
by examining a lateral radiograph of the elbow, when it will be seen that a
vertical line continued downwards along the front of the shaft bisects the
capitulum. Any decrease of this angulation indicates backward displace-

ment of the distal end of the humerus and is good radiographic evidence
of a supracondylar fracture.

The radius and ulna (Fig. 120)

The radius consists of the head, neck, shaft (with its radial tuberosity) and
expanded distal end. The ulna comprises olecranon, trochlear fossa, coronoid
process (with its radial notch for articulation with the radial head), shaft and
small distal head, which articulates with the medial side of the distal end of
the radius at the inferior radio-ulnar joint.

In pronation and supination, the head of the radius rotates against the
radial notch of the ulna, the shaft of the radius swings round the relatively
fixed ulnar shaft (the two bones being connected by a fibrous interosseous
ligament) and the distal end of the radius rotates against the head of the

ulna. This axis of rotation passes from the radial head proximally to the
ulnar head distally.

Olecranon process
Trochlear notch

Head of radius
Neck of radius
Radial tuberosity

Coronoid process

Sharp interosseous

Sharp interosseous
border of radius

I II border of ulna
i \
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| \ 1
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Fig. 120 The right radius
and ulna — anterior
aspect.
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CLINICAL FEATURES

1 The pronator teres is inserted midway along the radial shaft. If the radius
is fractured proximal to this, the proximal fragment is supinated (by the
action of the biceps) and the distal fragment is pronated by pronator
teres. The fracture must, therefore, be splinted with the forearm supi-
nated so that the distal fragment is aligned with the supinated proximal
end. If the fracture is distal to the midshaft, the actions of biceps and the
pronator muscles more or less balance and the fracture is, therefore,
immobilized with the forearm in the neutral position (Fig. 121).

2 The force of a fall on the hand produces different effects in different age
groups: in a child it may cause a posterior displacement of the distal
radial epiphysis; in the young adult the shafts of the radius and ulna may
fracture, or the scaphoid may fracture (see page 178); in the elderly the
most likely result will be a Colles’ fracture. In the last injury, the radius

Biceps

H
|

Pronator
teres

(a) (b)

Fig. 121 The important role of pronator teres in radial fractures. (a) In
proximal fractures, above the insertion of pronator teres, the distal fragment is
pronated. Such a fracture must be splinted in the supinated position. (b) When
the fracture is distal to the insertion of pronator teres, the action of this muscle
on the proximal fragment is cancelled by the supinator action of biceps. This
fracture is, therefore, held reduced in the neutral position, midway between
pronation and supination.
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fractures approximately 2.5 cm (1in) proximal to the wrist joint; the distal
fragment is displaced posteriorly and usually becomes impacted. The
shortening which results brings the styloid processes of the radius and
ulna more or less in line with each other.

Another forearm injury resulting from a fall on the outstretched hand
is fracture of the head of the radius, due to its being crushed against the
capitulum of the humerus.

3 The olecranon process may be fractured by direct violence but more
often it is avulsed by forcible contraction of the triceps, which is inserted
into its upper aspect. In these circumstances the bone ends are widely
displaced and operative repair, to reconstruct the integrity of the elbow
joint, becomes essential.

4 A subcutaneous bursa is constantly present over the olecranon and is
likely to become inflamed when exposed to repeated trauma. Students
and coal miners share this hazard so that olecranon bursitis goes by the
nicknames of ‘student’s elbow’ and ‘miner’s elbow’. Although I have
seen many miners with this lesion, I have yet to see a medical student
thus disabled.

The bones of the hand (Fig. 122)

The carpus is made up of two rows, each containing four bones. In the prox-

imal row, from the lateral to the medial side, are the scaphoid, lunate and

triquetral, the last bearing the pisiform on its anterior surface, into which
sesamoid bone the flexor carpi ulnaris tendon is inserted.

In the distal row, from the lateral to the medial side, are the trapezium,
trapezoid, capitate and hamate.

The carpus as a whole is arched transversely, the palmar aspect being
concave. This is maintained by:

1 the shapes of the individual bones, which are broader posteriorly than
anteriorly (except for the lunate, which is broader anteriorly);

2 the tough flexor retinaculum passing from the scaphoid and the ridge of
the trapezium laterally to the pisiform and the hook of the hamate medi-
ally (Fig. 123);

3 distal to the carpal bones lie the five metacarpals, slender bones apart
from the first — that of the thumb, which is stout and set at right angles
to the palm of the hand. In front of the head of this metacarpal are two
tiny sesamoid bones (in the insertions of the heads of flexor pollicis lon-
gus), which are easily visible on a plain radiograph of the hand. Distally,
the metacarpals articulate with the phalanges, of which there are two in
the thumb and three in each of the other four fingers (Fig. 122). The
important articulations between these small bones of the hand are con-
sidered on page 186.
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Fig. 122 The right carpus, metacarpus and phalanges (anterior aspect).
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Fig. 123 Transverse section through the distal carpus (right side viewed from the
distal end), showing the attachments of the flexor retinaculum. Note the separate
osseofascial compartment for the tendon of flexor carpi radialis. Note also that,
at this level, the tendon of flexor carpi ulnaris has ‘disappeared’. It attaches to the
pisiform, in the proximal row of carpal bones.

CLINICAL FEATURES

1 Afall on the hand may dislocate the rest of the carpal arch backwards from
the lunate which, as commented on previously, is wide-based anteriorly
(perilunate dislocation of the carpus). The dislocated carpus may then
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reduce spontaneously, only to push the lunate forwards and tilt it over so
that its distal articular surface faces forwards (dislocation of the lunate).

2 The scaphoid may be fractured by a fall on the palm with the hand
abducted, in which position the scaphoid lies directly facing the radius.
The blood supply of the scaphoid in one-third of cases enters distally
along its waist so that, if the fracture is proximal, the blood supply to this
small proximal fragment may be completely cut off with resultant avas-
cular necrosis of this portion of bone (Fig. 124).

3 ‘The carpal tunnel syndrome’. The flexor retinaculum forms the roof of a tun-
nel, the floor and walls of which are made up of the concavity of the car-
pus. Packed within this tunnel are the long flexor tendons of the fingers
and thumb together with the median nerve (Fig. 123). Any lesion dimin-
ishing the size of the compartment — for example, an old fracture or
arthritic change — may result in compression of the median nerve, resulting
in paraesthesiae, numbness and motor weakness in its distribution. Since
the superficial palmar branch of the median nerve is given off proximal to
the retinaculum, there is usually no sensory impairment in the palm.

It is interesting that this syndrome also often occurs, especially in
elderly women, without any very obvious cause, although symptoms are
relieved by dividing the retinaculum longitudinally.

Nutrient foramina

(a)
Fig. 124 Blood supply of the scaphoid. (a) Blood vessels enter the bone
principally in its distal half. (b) A fracture through the waist of the
scaphoid — vessels to the proximal fragment are preserved. (c) A fracture near
the proximal pole of the scaphoid — in this case there are no vessels supplying
the proximal fragment and aseptic necrosis of bone is therefore inevitable.

(c)

The shoulder joint (Figs 125, 126)

The shoulder joint (glenohumeral joint) is a typical synovial joint of the
ball-and-socket type, between the relatively large head of humerus and the
relatively small and shallow glenoid fossa, although the latter is deepened
somewhat by the cartilaginous ring of the labrum glenoidale.

The joint capsule is lax and is attached around the epiphyseal lines of
both the glenoid and the humeral head. However, it does extend down on
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Fig. 125 The left shoulder joint (viewed from the lateral aspect) — its ligaments are
shown after removal of the humerus.
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Fig. 126 The shoulder joint — the same view as in Fig. 125, but now with the
addition of the surrounding muscles.

to the diaphysis on the medial aspect of the neck of the humerus, so that an
osteomyelitis of the upper end of the humeral shaft may involve the joint
by direct spread.

The capsule is lined on the inside by synovial membrane, which is pro-
longed along the tendon of the long head of the biceps as this traverses the
joint. The synovium also communicates with the subscapular bursa beneath
the tendon of subscapularis.

The stability of the shoulder joint depends almost entirely on the strength
of the surrounding muscles, which may be grouped into:

1 the closely related short muscles of the ‘rotator cuff’ (see following
section);
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2 the long head of biceps, arising from the supraglenoid tubercle and
crossing over the head of the humerus, thus lying actually within the
joint, although enclosed in a tube of synovium;

3 the more distantly related long muscles of the shoulder: the deltoid, long
head of triceps, pectoralis major, latissimus dorsi and teres major.

Movements of the shoulder girdle

The movements of the shoulder joint itself cannot be divorced from those
of the whole shoulder girdle. Even if the shoulder joint is fused, a wide
range of movement is still possible by elevation, depression, rotation and
protraction of the scapula, leverage occurring at the sternoclavicular joint,
the pivot being the costoclavicular ligament.

Abduction of the shoulder is initiated by the supraspinatus; the deltoid
can then abduct to 90°. Further movement to 180° (elevation) is brought
about by rotation of the scapula upwards by the trapezius and serratus
anterior. Shoulder and shoulder girdle movements combine into one
smooth action. As soon as abduction commences at the shoulder joint, so
rotation of the scapula begins. Test this on yourself or on a colleague by
palpating the lower pole of the scapula. This will be felt to swing outwards
on initiation of shoulder abduction. Movements of the scapula occur with
reciprocal movements at the sternoclavicular joint. Place a finger on this
joint; elevate the shoulder and the joint will be felt to depress; swing the
shoulder forwards and it will be felt to move backwards, and so on.

Rotator cuff (Figs 126, 127) is the name given to the sheath of tendons of
the short muscles of the shoulder which covers and blends with all but the
inferior aspect of that joint. The muscles are the supraspinatus, infraspina-
tus and teres minor, which are inserted from above down into the humeral
greater tubercle, and the subscapularis, which is inserted into the lesser
tubercle. All originate from the scapula.

Of these muscles, the supraspinatus is of the greatest practical impor-
tance. It passes over the apex of the shoulder beneath the acromion process
and coracoacromial ligament, from which it is separated by the subacromial
bursa. This bursa is continued beneath the deltoid as the subdeltoid bursa
forming, together, the largest bursa in the body.

The supraspinatus initiates the abduction of the humerus on the scapula;
if the tendon is torn as a result of injury, active initiation of abduction
becomes impossible and the patient has to develop the trick movement of
tilting his body towards the injured side so that gravity passively swings
the arm from his trunk. Once this occurs, the deltoid and the scapular rota-
tors can then come into play.

Inflammation of the supraspinatus tendon (‘supraspinatus tendinitis’) is
characterized by a painful arc of shoulder movement between 60° and
120°; in this range, the tendon impinges against the overlying acromion
and the coracoacromial ligament. The investigation of soft-tissue lesions
around the shoulder has been greatly facilitated by magnetic resonance
imaging (MRI), which reveals the anatomical structures in exquisite detail
(Fig. 127b).
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Fig. 127 (a) Supraspinatus and the subacromial-subdeltoid bursa. Note that the
supraspinatus tendon lies close against the acromion — if this tendon is inflamed,
there is a painful arc of movement as the shoulder is abducted from 60° to 120°,
because, in this range, the inflamed tendon impinges against the acromion. (b)
Magnetic resonance imaging of the shoulder showing the detailed anatomy
revealed by this technique.
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Principal muscles acting on the shoulder joint

Abductors Adductors
supraspinatus (initiates) pectoralis major
deltoid latissimus dorsi
subscapularis
Flexors Extensors
biceps brachii triceps brachii
pectoralis major teres major
coracobrachialis latissimus dorsi
deltoid (anterior fibres) deltoid (posterior fibres)
Medial rotators Lateral rotators
pectoralis major infraspinatus
latissimus dorsi teres minor
teres major deltoid (posterior fibres)
deltoid (anterior fibres)
subscapularis

CLINICAL FEATURES

Dislocation of the shoulder
The wide range of movement possible at the shoulder is achieved only at
the cost of stability, and for this reason it is the most commonly dislocated
major joint. Its inferior aspect is completely unprotected by muscles and it
is here that, in violent abduction, the humeral head may slip away from the
glenoid to lie in the subglenoid region, whence it usually passes anteriorly
into a subcoracoid position (Fig. 128).

The axillary nerve, lying in relation to the surgical neck of the
humerus, may be torn in this injury. Assess this in the patient before

Acromion now the most
lateral landmark

Head of humerus
in subcoracoid
position
Subscapularis

Fig. 128 The deformity of shoulder dislocation. The dislocated head of the
humerus is held adducted by the shoulder girdle muscles and internally
rotated by subscapularis.
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reducing the dislocation by testing for loss of cutaneous sensation over
the deltoid.

The head of the humerus is drawn medially by the powerful adductors of
the shoulder; its greater tubercle, therefore, no longer remains the most lat-
eral bony projection of the shoulder region, being replaced for this honour
by the acromion process. The normal bulge of the deltoid over the greater
tubercle is lost; instead, there is the characteristic flattening of this muscle.

In reducing the dislocation by Kocher’s method the elbow is flexed and the
forearm rotated outwards; this stretches the subscapularis, which is hold-
ing the humeral head internally rotated. The elbow is then swung medially
across the trunk, thus levering the head of the humerus laterally so that it
slips back into place.

In the Hippocratic method, the foot is used as a fulcrum in the axilla, trac-
tion and adduction being applied to the forearm; in this way, the humeral
head is levered outwards into its normal position.

The elbow joint (Figs 129, 130)

The elbow joint, although a single synovial cavity, is made up of three dis-

tinct articulations, which are:

1 the humero-ulnar, between the trochlea of the humerus and the trochlear
notch of the ulna (a hinge joint);

Capitulum — Trochlea

Head of radius

Superior radio-ulnar

articulation Coronoid process

Fig. 129 The bony components of the elbow joint (right side; anterior aspect). Note
the three sets of articular surfaces.
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Fig. 130 The joint capsule of the right elbow — lateral aspect.

2 the humeroradial, between the capitulum and the upper concave surface
of the radial head (a ball-and-socket joint);

3 the superior radio-ulnar, between the head of the radius and the radial
notch of the ulna, the head being held in place by the tough annular liga-
ment (a pivot joint).

The capsule of the elbow joint is closely applied around this complex
articular arrangement; the non-articular medial and lateral epicondyles are
extracapsular. The capsule is thin and loose anteriorly and posteriorly to
allow flexion and extension, whereas it is strongly thickened on either side,
being reinforced by the medial and lateral collateral ligaments. The lateral
ligament is attached distally to the annular lignment around the radial head.
In order to allow rotation of the radius, the lower margin of the annular
ligament is free and, beneath it, the synovium of the elbow bulges down-
wards onto the neck of the radius.

Two sets of movements take place at the elbow:

1 flexion and extension at the humero-ulnar and humeroradial joints;

2 pronation and supination at the proximal radio-ulnar (in conjunction
with associated movements of the distal radio-ulnar joint).

Muscles acting on the elbow

Flexors Extensors
biceps brachii triceps brachii
brachialis anconeus
brachioradialis
the forearm flexor muscles

Pronators Supinators
pronator teres biceps
pronator quadratus supinator

The supinator action of the biceps is due to its insertion on to the poste-
rior aspect of the tuberosity of the radius. When the biceps contracts, not
only is the forearm flexed, but the radius ‘unwinds’ as its tuberosity is
rotated anteriorly, i.e. the forearm supinates (Fig. 131). Biceps is a powerful
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- Biceps tendon

of biceps
Biceps bursa

Radial head

Radial tuberosity

Fig. 131 The supination action of biceps (right elbow viewed from the medjial side
with the ulna removed).

muscle; hence, supination is more powerful than pronation — try it on

yourself. Screwdrivers and cork screws are made for right-handed people

to screw in using this supination action.

CLINICAL FEATURES

1

The elbow joint is safely approached by a vertical posterior incision that
divides the triceps expansion.

As the capsule is relatively weak anteriorly and posteriorly it will be dis-
tended at these sites by an effusion, particularly posteriorly, since the
anterior aspect is covered by muscles and dense deep fascia. Aspiration
of such an effusion is readily performed posteriorly on one or other side
of the olecranon.

The annular ligament is funnel-shaped in adults, but its sides are vertical
in young children. A sudden jerk on the arm of a child under the age of 8
years may subluxate the radial head through this ligament (‘pulled
elbow’). Reduction is easily effected by firm supination of the elbow,
which ‘screws’ the radial head back into place.

Posterior dislocation of the elbow may occur as a result of the indirect vio-
lence of a fall on the hand. Occasionally, the coronoid process of the ulna
is fractured in this injury, being snapped off against the trochlea of the
humerus. Characteristically, the triangular relationship between the olec-
ranon and the two humeral epicondyles is lost (Fig. 112). Reduction is
effected by traction to overcome the protective spasm of the muscles act-
ing on the joint, together with flexion of the elbow, which levers the
humero-ulnar joint back into place.

The wrist joint (Fig. 132)

The articular disc of the inferior radio-ulnar joint covers the head of the
ulna and is attached to the base of the ulnar styloid process. This disc,
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Fig. 132 The wrist, carpal and carpometacarpal joints in section.

together with the distal end of the radius, forms the proximal face of the
wrist joint, the distal surface being the proximal articular surfaces of the
scaphoid, lunate and triquetral.

The wrist is a condyloid joint — that is to say, it allows flexion, extension,
abduction, adduction and circumduction, the last being a combination of
the previous four. Flexion and extension are increased by associated sliding
movements of the intercarpal joints; although the range of flexion at the
wrist is actually less than that of extension, these associated movements
make it apparently greater.

Because of the greater distal projection of the radial styloid, the range of
abduction at the wrist is considerably less than that of adduction.

Muscles acting on the wrist

Flexors — all the long muscles crossing the anterior aspect of the wrist joint.

Extensors — all the long muscles crossing the posterior aspect of the joint.

Adductors — flexor carpi ulnaris acting in concord with extensor carpi
ulnaris.

Abductors — flexor carpi radialis and extensores carpi radialis longus and
brevis together with the long abductor and short extensor of the thumb.

The joints of the hand (Fig. 132)

The joints between the individual carpal bones allow gliding movements
to occur that increase the range of extension and, more particularly, flexion
permitted at the wrist joint.

The carpometacarpal joint of the thumb is saddle-shaped and permits flexion
and extension (in a plane parallel to the palm of the hand), abduction and
adduction (in a plane at a right angle to the palm) and opposition, in which
the thumb is brought across in contact with the 5th finger. This joint’s range
contrasts with the limited movements of the other carpometacarpal
joints, which allow a few degrees of gliding movement of the 2nd and
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3rd metacarpals and a small range of flexion and extension of the 4th and

5th metacarpals.

The opposite state of affairs holds at the metacarpophalangeal joints; only
a 60° range of flexion and extension is possible at the metacarpophalangeal
joint of the thumb, whereas a 90° range of flexion and extension, together
with abduction, adduction and circumduction, is possible at the four other
metacarpophalangeal joints, which are condyloid in shape.

Note that, when the metacarpophalangeal joints of the fingers are flexed,
abduction and adduction become impossible. This is because each meta-
carpal head, although rounded at its distal extremity, is flattened anteri-
orly; when the base of the proximal phalanx moves onto this flattened
surface, side movements become impossible. Moreover, the collateral liga-
ments on either side of the metacarpophalangeal joints become taut in flex-
ion and thus prevent abduction and adduction.

The metacarpophalangeal joints of the fingers, but not the thumb, are
linked by the tough deep transverse ligaments, which prevent any spreading
of the palm when a firm grip is taken.

All the interphalangeal joints have pulley-shaped opposing surfaces and
are therefore hinge joints, allowing flexion and extension only. At all the
metacarpophalangeal and interphalangeal joints the ligamentous arrange-
ments are the same.

1 Posteriorly — the joint capsule is replaced by the expansion of the exten-
sor tendon of the digit concerned.

2 Anteriorly - the capsule is formed by a dense plate of fibrocartilage. This
palmar ligament is the response to the friction of the adjacent flexor
tendons.

3 On either side the joints are reinforced by the collateral ligaments, which
are lax in extension and taut in flexion of the joint.

CLINICAL FEATURES

The carpometacarpal joint of the thumb may be regarded as the most impor-
tant joint in the human upper limb. It allows the unique movement, only
possible in man, of opposition of the tip of the thumb to one or other of the
other fingers — for example, in holding a pen or a scalpel. A fracture of the
base of the first metacarpal (Bennett’s fracture) is therefore a dangerous
injury. Unless anatomical reduction is achieved by pinning the fragments at
open operation, osteoarthritic change will take place in the deformed joint
with consequent painful limitation of this important movement.

Muscles acting on the hand

The long flexors of the fingers are:

1 flexor digitorum profundus, inserted into the bases of the four distal
phalanges;

2 flexor digitorum superficialis, inserted into the sides of the bases of the four
middle phalanges.
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Fig. 133 The tendons of a finger. (a) Lateral view. (b) Dorsal (posterior) view.

The profundus tendon pierces that of superficialis over the proximal
phalanx.

The profundus flexes the distal interphalangeal joint, superficialis the
proximal interphalangeal joint; acting together they flex the fingers and the
wrist (Fig. 133).

The long extensors of the fingers are:

e extensor digitorum longus, reinforced by

* extensor indicis which join the appropriate tendons of extensor

* extensor digiti minimi } digitorum longus on their medial sides.

The tendons of extensor digitorum terminate in each finger by an
aponeurotic extensor expansion that covers the dorsum of the proximal
phalanx and the sides of its base. It then attaches by a central slip into the
base of the middle phalanx and by two lateral slips to the distal phalanx
(Fig. 133).

The margins of the extensor expansion are reinforced by the tendons of
the intrinsic muscles of the fingers:

1 the dorsal and palmar interossei, arising from the sides and the fronts of the
metacarpals, respectively;

2 the lumbricals, which arise from the four profundus tendons and run on the
radial side of the metacarpophalangeal joints to join the extensor
expansion.

These intrinsic muscles, arising from the palmar aspect of the hand and
inserting along the dorsal aspects of the fingers, have a unique action in
that they flex the metacarpophalangeal joints and exfend the interphalan-
geal joints.

The interossei, together with abductor digiti minimi, are responsible for
abduction (dorsal interossei) and adduction (ventral interossei) of the
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fingers. A weak abduction movement accompanies the action of extensor
digitorum and the long flexors adduct the fingers in the movement of full
flexion. However, if these movements of extension and flexion are elimi-
nated by laying the hand flat on the table, abduction and adduction become
purely the actions of the intrinsic muscles. A card gripped between the fin-
gers in this position of the hand is kept there entirely by intrinsic muscle
action.

The 5th finger receives two further intrinsic muscles, opponens digiti min-
imi and flexor digiti minimi, from the hypothenar eminence.

The eight muscles acting on the thumb may be divided into the long
(proceeding from the forearm) and the short or intrinsic muscles.
* Long

flexor pollicis longus — inserted into the distal phalanx

extensor pollicis longus — inserted into the distal phalanx

extensor pollicis brevis — inserted into the proximal phalanx

abductor pollicis longus — inserted into the metacarpal.
e Short

adductor pollicis
flexor pollicis brevis } inserted into the base of the proximal phalanx
abductor pollicis brevis

opponens pollicis — along the metacarpal.

The flexors and extensors of the wrist play an important synergic role in
movements of the hand. Notice how weak the grip becomes when the
wrist is fully flexed; it must be held firmly in the extended or neutral posi-
tion by balanced muscle action in order to allow the long flexors of the
fingers and thumb to work at their full stretch and, therefore, at their maxi-
mum efficiency.

Three important zones of the
upper limb: the axilla, the cubital
fossa and the carpal tunnel

The axilla

The axilla (see Figs 139, 142) is a zone of transition between the neck and
the upper limb. It is in the shape of an irregular and somewhat tilted
pyramid.

The anterior wall of the axilla is two layers thick. The superficial layer is
made up of pectoralis major, while the deep layer is made up of pectoralis
minor and subclavius and the clavipectoral fascia that stretches between
the two muscles, enclosing both.

The posterior wall is considerably longer, and, from above downwards, it
is made up successively of subscapularis, teres major and latissimus dorsi.

The medial wall of the axilla is made up of the lateral aspects of the
upper four intercostal spaces, covered by digitations of serratus anterior,



190 The upper limb

while its lateral wall is the medial aspect of the upper part of the arm.
The base of the axillary pyramid is the deep fascia, which stretches from
the lateral aspect of the chest wall to the medial aspect of the arm. Termed
the axillary fascia, it is attached to the lower edges of both pectoralis major
and latissimus dorsi.

The apex of the axilla is truncated and is, in fact, the gap between the
middle third of the clavicle and the outer edge of the first rib. This gap,
known as the cervico-axillary opening, transmits the subclavian artery and
brachial plexus from the neck into the axilla, and the axillary vein from
the axilla into the neck. The cervico-axillary opening is also traversed by
numerous lymphatic channels.

The contents of the axilla are the axillary artery and its branches, the
axillary vein and its tributaries, the cords of the brachial plexus and
their branches, axillary lymph nodes, and the intercostobrachial nerve.
All these structures are contained in the axillary fat, which is usually quite
substantial.

The organization of the brachial plexus and the course of the axillary
artery will be described later (see pages 193 and 192, respectively).

The cubital fossa

The cubital fossa (Fig. 134) is a zone of transition between the arm and
forearm. Situated in front of the elbow joint, the cubital fossa is a triangular
intermuscular space.

Its boundaries are:

e proximally — an imaginary line running between the medial and lateral
epicondyles of the humerus (this is the base of the triangle);

e laterally — the brachioradialis muscle;

¢ medially - the pronator teres muscle running obliquely from the medial

epicondyle of humerus to the lateral aspect of the radial shaft (Fig. 121).

The apex of the cubital fossa is, self-evidently, the point where the bra-

chioradialis crosses pronator teres.

The roof of the cubital fossa is the overlying deep fascia, which is par-
tially reinforced by an extension from the biceps brachii tendon known as
the bicipital aponeurosis.

The floor of the fossa is the brachialis muscle, behind which is the capsule
of the elbow joint.

The contents of the fossa are, from medial to lateral, the median nerve,
the brachial artery flanked by its venae comitantes and the tendon of biceps
brachii. If the brachioradialis muscle is undermined and retracted radially,
the radial nerve can be brought into view. Of these contents, the brachial
artery and the tendon of biceps brachii are readily palpable.

In the distal part of the cubital fossa, the brachial artery divides into its
two terminal branches — the radial and ulnar arteries (the latter usually
being the larger one).

The contents of the cubital fossa (particularly the brachial artery and
median nerve) are vulnerable in supracondylar fractures of the humerus
(Fig. 112).
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Fig. 134 Dissection of the right forearm (anterior aspect) to show the principal
vessels and nerves. The superficial forearm muscles of the common flexor origin
have been removed, apart from pronator teres, which has been partly divided.
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The carpal tunnel

The carpal tunnel (Figs 113, 122, 123) is an osseofibrous space, bounded
dorsally by the concave palmar surface of the articulated carpus.

The ventral boundary (i.e. roof) of the carpal tunnel is the flexor retinacu-
lum (also known as the transverse carpal ligament).

The flexor retinaculum is a quadrangular sheet of dense fibrous tissue
that attaches by its four corners to four carpal bones as follows.

On the radial side it is attached, proximally, to the tubercle of the scaph-
oid and, distally, to a ridge on the ventral surface of the trapezium. On the
ulnar side, it is attached proximally to the pisiform and, distally, to the
hook of the hamate. These four bony points are readily palpable in most
individuals, enabling the clinician to surface-mark the flexor retinaculum
and carpal tunnel with precision.
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As has been noted (Fig. 123) the carpal tunnel is traversed longitudinally
by the four tendons of flexor digitorum superficialis, the four tendons of
flexor digitorum profundus, the tendon of flexor pollicis longus and the
tendon of flexor carpi radialis (which runs in its own fibrous compartment
within the carpal tunnel). Running within the carpal tunnel, adhering to
the deep surface of the flexor retinaculum, is the median nerve. Carpal tun-
nel syndrome (described on page 178) denotes a sustained, symptomatic
compression of the median nerve in the carpal tunnel. It is by far the most
common of all entrapment neuropathies in human pathology.

The arteries of the upper limb

The axillary artery

The axillary artery (see Fig. 139) commences at the lateral border of the
first rib, as a continuation of the subclavian, and ends at the lower bor-
der of the axilla (i.e. the lower border of teres major) to become the bra-
chial artery. It is divided into three parts by the overlying pectoralis
minor muscle and, apart from its very distal extremity, it lies covered by
pectoralis major.
Above pectoralis minor, the brachial plexus lies above and behind the
artery, but, distal to this, the cords of the plexus take up their positions
around the artery according to their names, ie. lateral, medial and
posterior.
The branches of the axillary artery supply the chest wall and shoulder;
conveniently, the 1st, 2nd and 3rd parts give off one, two and three
branches, respectively:
st part: 1, superior thoracic artery
2nd part: 1, acromiothoracic trunk
2, lateral thoracic artery

3rd part: 1, subscapular artery
2, anterior circumflex humeral artery
3, posterior circumflex humeral artery.

All but the circumflex humeral vessels are encountered in the axillary
dissection of a radical mastectomy.

The brachial artery

The brachial artery is the direct continuation of the axillary artery. It com-
mences in the arm at the level of the lower border of the tendon of latissi-
mus dorsi and ends at the level of the neck of the radius by dividing into
the radial and ulnar arteries. It is relatively superficial throughout its
course, lying immediately deep to the deep fascia except where it is
crossed, at the level of the middle of the humerus, by the median nerve,
which passes superficially from its lateral to medial side; occasionally, the
nerve crosses deep to the artery. Not infrequently the brachial artery
divides into its two terminal branches in the upper arm.
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The named branches of the brachial artery are:
e the profunda brachii artery (accompanying the radial nerve);
e the superior ulnar collateral artery (accompanying the ulnar nerve);
e the nutrient artery (to the humerus);
e the inferior ulnar collateral artery.

The radial artery

The radial artery (Fig. 134) commences at the level of the radial neck by
lying on the tendon of biceps. In its upper half it lies overlapped by bra-
chioradialis, the surface marking of the artery being the groove which can
be seen on the medial side of this tensed muscle in the muscular subject.
Distally in the forearm the artery lies superficially between brachioradialis
and flexor carpi radialis, and it is between these two tendons that it is pal-
pated at the wrist (Fig. 113).

In the middle third of the forearm the radial nerve lies along the lateral
side of the artery; the nerve may here be incorporated in a carelessly placed
ligature.

Distal to the radial pulse, the artery gives off a branch to assist in forming
the superficial palmar arch. It then passes deep to the tendons of abductor
pollicis longus and extensor pollicis brevis to enter the anatomical snuffbox
(in which it can be felt), pierces the first dorsal interosseous muscle and
adductor pollicis, between the 1st and 2nd metacarpals, and goes on to
form the deep palmar arch with the deep branch of the ulnar artery.

The ulnar artery

The ulnar artery (Fig. 134) is the larger of the two terminal branches of the
brachial artery. From its commencement it passes beneath the muscles arising
from the common flexor origin, lies upon flexor digitorum profundus and is
overlapped by flexor carpi ulnaris. The median nerve crosses superficially
to the ulnar artery, separated from it by only part of one muscle, the deep
head of pronator teres.

In the distal half of the forearm the artery becomes superficial between
the tendons of flexor carpi ulnaris and flexor digitorum sublimis; it then
crosses the flexor retinaculum to form the superficial palmar arch with the
superficial branch of the radial artery.

The ulnar nerve accompanies the artery on its medial side in the distal two-
thirds of its course in the forearm and across the flexor retinaculum (Fig. 113).

Note. There is a rich anastomosis of arteries around all major joints.
Apart from remembering this fact, the clinical student need not commit to
memory the numerous named branches involved.

The brachial plexus

The brachial plexus is of great practical importance to the surgeon. It may
be damaged in open, closed or obstetrical injuries, be pressed upon by a
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Fig. 135 Scheme of the brachial plexus.

cervical rib or be involved in tumour. It is encountered, and hence put in
danger, in operations upon the root of the neck.

The plexus is formed as follows (Fig. 135):

1 five roots, derived from the anterior primary rami of C5, C6, C7, C8 and

T1, link up into:

2 three trunks, formed by the union of

e C5 and C6 (upper trunk);

e C7 alone (middle trunk);

e C8 and T1 (lower trunk);

which split into:

3 six divisions, formed by each trunk dividing into an anterior and poste-
rior division, which link up again into:
4 three cords

e alateral, from the fused anterior divisions of the upper and middle trunks;

¢ a medial, from the anterior division of the lower trunk;

e a posterior, from the union of all three posterior divisions.

The roots lie between the anterior and middle scalene muscles. The trunks
lie deep to the fascial floor of the posterior triangle of the neck. The divi-
sions lie behind the clavicle. The cords lie in the axilla.

The cords continue distally to form the main nerve trunks of the upper
limb, thus:

1 the lateral cord continues as the musculocutaneous nerve;

2 the medial cord, as the ulnar nerve;

3 the posterior cord, as the radial nerve and the axillary nerve;

4 a cross-communication between the lateral and medial cords forms the
median nerve.
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Fig. 136 The derivatives of the brachial plexus. The lightly coloured areas show
the posterior divisions.

For reference purposes, the derivatives of the various components of the
brachial plexus are as follows (Fig. 136).
e From the roots
— nerve to rhomboids;
— nerve to subclavius;
— nerve to serratus anterior (C5, C6, C7).
e From the trunk
— suprascapular nerve — from the upper trunk (supplies supraspinatus
and infraspinatus).
e From the lateral cord
— musculocutaneous nerve;
— lateral pectoral nerve;
— lateral root of the median nerve.
e From the medial cord
— medial pectoral nerve;
— medial cutaneous nerves of the arm and forearm;
— ulnar nerve;
— medial root of the median nerve.
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e From the posterior cord
subscapular nerves;
nerve to latissimus dorsi (thoracodorsal nerve);
axillary nerve;

- radial nerve.

Note that the posterior cord supplies the skin and muscles of the poste-
rior aspect of the limb, whereas the anteriorly placed lateral and medial
cords supply the anterior compartment structures.
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Fig. 137 The segmental
cutaneous innervation
of the body. (a) Posterior
aspect; (b) anterior

(a) (b) aspect.
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The segmental cutaneous supply
of the upper limb (Fig. 137)

In spite of this complex interlacing of the nerve roots in the brachial plexus,
the skin of the upper limb, as with the skin of the rest of the body, has a
perfectly regular segmental nerve supply. This is derived from C4 to T2
and is arranged approximately as follows:

e C4 - supplies skin over the shoulder tip;

* C5 —radial side of the upper arm;

e C6 —radial side of the forearm;

e (C7 — the skin of the hand;

e (C8 —ulnar side of the forearm;

¢ T1 - ulnar side of the upper arm;

e T2 — skin of the axilla (via its intercostobrachial branch).

The course and distribution
of the principal nerves
of the upper limb

The nerves of the upper limb are derived from the brachial plexus.

The axillary nerve

The axillary (circumflex) nerve (C5, C6) arises from the posterior cord of the
plexus and winds round the surgical neck of the humerus in company with
the posterior circumflex humeral vessels (Figs 119, 138). Its branches are:

e muscular - to deltoid and teres minor;

e cutaneous — to a palm-sized area of skin over the deltoid.

The axillary nerve may be injured in fractures of the humeral neck or in
dislocations of the shoulder. This will be followed by weakness of shoulder
abduction, wasting of the deltoid and a small patch of anaesthesia over this
muscle.

The radial nerve

The radial nerve (C5, C6, C7, C8, T1) is the main branch of the posterior
cord. Lying first behind the axillary artery, it then passes backwards
between the long and medial heads of the triceps to lie in the spiral groove
on the back of the humerus between the medial and lateral heads of triceps
(Fig. 138). The profunda branch of the brachial artery and its venae comi-
tantes accompany the nerve in this part of its course (Fig. 119).

At the lower third of the humerus, the radial nerve pierces the lateral
intermuscular septum to re-enter the anterior compartment of the arm
between brachialis and brachioradialis (a convenient site for surgical expo-
sure; Fig. 134). At the level of the lateral epicondyle its important posterior
interosseous nerve is given off, which winds round the radius within the
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supinator muscle then sprays out to be distributed to the extensor muscles
of the forearm.

The radial nerve itself continues as the superficial radial nerve, lying
deep to brachioradialis (Fig. 134). Above the wrist, it emerges posteriorly
from beneath this muscle to end by dividing into cutaneous nerves to the
posterior aspects of the radial 3% digits. Run a fingertip over the extended
tendons of extensor pollicis longus (Fig. 114) just distal to the wrist joint.
The nerve will be felt as a thin cord flicking over the tendon.

The radial nerve is the nerve of supply to the extensor aspect of the upper
limb. The main trunk itself innervates: triceps, anconeus, brachioradialis

Fig. 138 The distribution
of the radial nerve (right
upper limb, dorsal
aspect).
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