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Preface to the twelfth edition

For the first time in its publication history all the illustrations in the previous (eleventh) edition of
Last's Anatomy appeared in full colour. This development transformed the illustrations and received
very favourable readership response. In the light of such evaluation the publication of a twelfth
edition has provided the opportunity to augment the illustrations in the book by the inclusion of new
photographs depicting anatomy of clinical, endoscopic and surgical relevance and additional
photographs of prosections. Where necessary the colour, tone, shade and contrast of existing
illustrations have been enhanced. Colour consistency for related structures has been maintained
throughout to ensure ease of cross-reference from one illustration to another.

The text has been wholly reviewed and refinements made where required in the interests of relevance
and readability. The anatomy of surgical approaches has been updated in the light of the continuing
evolution of surgical practice, advances in laparoscopic surgery and the increasing scope of minimal
access procedures. The limited field of vision provided by these latter techniques emphasises the
need for a reliable knowledge of regional anatomy and structural relationships. Eponyms in common
clinical use have been added.

Curricular reforms and changes to surgical training programmes have resulted in a reduction of
anatomy study time and prosection experience for medical students, and in difficulties encountered by
surgical trainees in including anatomy demonstratorships in their career pathways. These
developments have reiterated the continuing need for a regionally arranged, clinically and surgically
relevant anatomy textbook appropriate for both undergraduate study and postgraduate utilisation. The
twelfth edition of Last's Anatomy aims to fulfil this role and be of value to medical students, surgical
trainees and practising surgeons.

Chummy S. Sinnatamby
2010



Preface to the eleventh edition

In response to innumerable requests, all the illustrations in the eleventh edition appear in full colour.
Care has been taken in the choice of and consistency in use of colours for similar structures to
facilitate ease of recognition and enhance the reader's appreciation of the illustrations as a meaningful
adjunct to the text. Some of the illustrations in the first edition of R. J. Last's Anatomy, Regional and
Applied were partly coloured as they appeared in relation to the text. In the seventh edition several
partly coloured illustrations were collectively positioned as plates at the front of the book, but these
were then omitted from subsequent editions. It has been gratifying to be able to restore colour to
Last's Anatomy and extend its application to full colour for all the illustrations as they remain
integrated with the text. Several new illustrations, including clinical photographs, radiographs and
magnetic resonance images, have been added, depicting normal anatomy and lesions that have an
anatomical basis.

The text has been extensively revised with several additions to the clinical and applied aspects of
anatomy and textual changes in the interests of clarity and accuracy.

I am grateful to the many readers, postgraduate and undergraduate, in the UK and abroad, who have
communicated their appreciation of and comments on the tenth edition. Their input has encouraged
and aided the preparation of the eleventh edition.

Chummy S. Sinnatamby
2005



Preface to the tenth edition

In 1954, after seven years of association with postgraduate students of anatomy at the Royal College
of Surgeons of England, R. J. Last published the first edition of Anatomy, Regional and Applied.
Forty-five years later Last's ‘approach to the study of anatomy’ is still of value to undergraduate and
postgraduate students of anatomy. The chief assets of Last's Anatomy were epitomised 1n its title. In
the assessment and treatment of patients' lesions, clinicians encounter the anatomy of the human body
on a regional basis, and the book presented applied anatomy data regionally arranged. When R. M. H.
McMinn took over the editorship in 1990 he retained ‘the flavour of earlier versions’ and added to
the applied aspects of the subject.

In preparing the tenth edition of Last's Anatomy, 1 have maintained the overall structure and
arrangement of the book. The entire text, however, has undergone comprehensive revision directed
towards a reduction of its volume and greater clarity. Anatomical detail of no clinical relevance,
phylogenetic discussion and comparative anatomy analogies have been omitted. Within the constraints
of conciseness, clinically correlated topographical anatomy relevant to the expanding frontiers of
diagnostic and surgical procedures has been included. Surface anatomy pertaining to physical
examination 1s presented. Histological features and developmental aspects have been mentioned only
where they aid the appreciation of the gross form or function of organs and the appearance of the
commoner congenital anomalies.

In keeping with the extensive textual changes in this edition, the illustrations have also undergone
major revision. While several figures which appeared in previous editions but did not significantly
contribute to or enhance the text, have been removed, 97 new 1llustrations have been added. The latter
include original artwork specially commissioned for this edition, figures reproduced from Gray's
Anatomy (with the kind permission of the publishers) on account of their anatomical accuracy and
clarity, and examples of current diagnostic imaging techniques.

Throughout the preparation of this edition the curricular reforms of undergraduate education and the
restructuring of surgical training have been borne in mind. Time constraints and the interdisciplinary
integration pertaining to both have restricted the study of anatomy. Nevertheless, anatomical
knowledge is required for performing physical examination and diagnostic tests, interpreting their
results and instituting treatment, particularly surgical procedures. In his preface to the second edition
Last stated that: ‘While the text was written chiefly to help students who are revising their anatomy
for an examination, it is particularly gratifying to find that so many clinicians and surgeons have found
the book of value in their practice.” It is hoped that the clinically relevant anatomical information
presented in the tenth edition, in as concise a form as its content concedes, will be of use to students
preparing for examinations, participants in basic and higher surgical training programmes, and
practising surgeons.

Thirty-seven years ago I purchased a copy of the second edition of Last's Anatomy while preparing
for the primary fellowship examination, in the oral section of which I was examined by Professor Last
himself. Little did I imagine then that it would one day be my privilege to prepare the tenth edition of
Last's Anatomy, thereby maintaining the linkage between the editorship of this publication and the
headship of anatomy at the Royal College of Surgeons of England.

Chummy S. Sinnatamby
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Chapter 1. Introduction to regional anatomy



Part one. Tissues and structures
Skin

Skin consists of two components: epidermis and dermis (Fig. 1.1). The surface epithelium of the skin
is the epidermis and is of the keratinized stratified squamous variety. The various skin appendages—
sweat glands, sebaceous glands, hair and nails—are specialized derivatives of this epidermis, which
is ectodermal in origin. The deeper dermis is mesodermal in origin and consists mainly of bundles of
collagen fibres together with some elastic tissue, blood vessels, lymphatics and nerve fibres.

Figure 1.1 Structure of the skin and subcutaneous tissue.

The main factor determining the colour of skin is the degree of pigmentation produced by melanocytes
in the basal layer of the epidermis. Melanocyte numbers are similar in all races. In darker skins the
melanocytes produce more pigment. Melanins vary in colour from yellows to browns and blacks.

Sweat glands are distributed all over the skin except on the tympanic membranes, lip margins,
nipples, inner surface of prepuce, glans penis and labia minora. The greatest concentration is in the
thick skin of the palms and soles, and on the face. Sweat glands are coiled tubular structures that
extend into the dermis and subcutaneous tissue. They are supplied by cholinergic fibres in sympathetic
nerves. Apocrine glands are large, modified sweat glands confined to the axillae, areolae,
periumbilical, genital and perianal regions; their ducts open into hair follicles or directly on to the
skin surface. Their odourless secretion acquires a smell through bacterial action. They enlarge at
puberty and undergo cyclic changes in relation to the menstrual cycle in females. They are supplied by
adrenergic fibres in sympathetic nerves.

Sebaceous glands are small saccular structures in the dermis, where they open into the side of hair
follicles. They also open directly on to the surface of the hairless skin of the lips, nipples, areolae,
inner surface of prepuce, glans penis and labia minora. There are none on the palms or soles. They
are particularly large on the face. Androgens act on these glands which have no motor innervation.

Hair and nails are a hard type of keratin; the keratin of the skin surface is soft keratin. Each hair is
formed from the hair matrix, a region of epidermal cells at the base of the hair follicle, which extends



deeply into the dermis and subcutaneous tissue. As the cells move up inside the tubular epidermal
sheath of the follicle they lose their nuclei and become converted into the hard keratin hair shaft.
Melanocytes in the hair matrix impart pigment to the hair cells. The change with age is due to
decreasing melanocyte activity. An arrector pili muscle attached to the connective tissue of the base
of the follicle passes obliquely to the upper part of the dermis. Contraction of this smooth muscle,
with a sympathetic innervation, makes the hair ‘stand on end’, and squeezes the sebaceous gland that
lies between the muscle and the hair follicle. Hair follicles are richly supplied by sensory nerves.

Nails consist of nail plates lying on nail beds on the dorsum of the terminal segment of fingers and
toes. Compacted keratin-filled squames form the nail plate, which develops from epidermal cells
deep to its proximal part. Here the nail plate is overlapped by the skin of the proximal nail fold.
Blood vessels and sensory nerve endings are plentiful in the nail bed.

The arteries of the skin are derived from a tangential plexus in the subcutaneous connective tissue.
Branches from this plexus form a subpapillary network in the dermis (Fig. 1.1). The veins have a
similar arrangement to the arteries and arteriovenous anastomoses are abundant. From a meshwork of
lymphatic capillaries in the papillary layer of the dermis, lymphatics pass inwards and then run
centrally with the blood vessels. Cutaneous nerves carry afferent somatic fibres, mediating general
sensation, and efferent autonomic (sympathetic) fibres, supplying smooth muscle of blood vessels,
arrector pili muscles and sweat glands. Both free sensory nerve endings and several types of sensory
receptors are present in the skin.

The proportionate surface area of the skin over different regions of the body can be estimated by the
‘rule of nines’ and this is useful in assessing the need for fluid replacement after burns. This rule is a
guide to the size of body parts in relation to the whole: head 9%; upper limb 9%; lower limb 18%;
front of thorax and abdomen 18%; back of thorax and abdomen 18%.

Tension lines of the skin, due to the patterns of arrangement of collagen fibres in the dermis, run as
shown in Figure 1.2. They are often termed relaxed skin tension lines because they coincide with fine
furrows present when the skin is relaxed. Wrinkle lines are caused by the contraction of underlying
muscles; they do not always correspond to tension lines. Flexure lines over joints run parallel to
tension lines. The cleavage lines originally described by Langer in 1861 on cadavers do not entirely
coincide with the lines of greatest tension in the living. Incisions made along skin tension lines heal
with a minimum of scarring (Fig. 1.3).




Figure 1.2 Tension lines of the skin, front and back.

Figure 1.3 An incision over the medial part of the right breast has crossed tension lines and
resulted in excess scar formation. An incision at the lower margin of the areola along a tension line
has healed with minimal scarring. The tubercles in the areola are due to the presence of large
sebaceous glands.

Superficial fascia

The skin 1s connected to the underlying bones or deep fascia by a layer of loose areolar connective
tissue. This layer, usually referred to as superficial fascia, is of variable thickness and fat content.
Flat sheets of muscles are also present in some regions. These include both skeletal muscles
(platysma, palmaris brevis) and smooth muscles (subareolar muscle of the nipple, dartos, corrugator
cutis ani). The superficial fascia is most distinct on the lower abdominal wall where it differentiates
into two layers. Strong connective tissue bands traverse the superficial fasica binding the skin to the
underlying aponeurosis of the scalp, palm and sole.

Deep fascia

The limbs and body wall are wrapped in a membrane of fibrous tissue, the deep fascia. It varies
widely in thickness. In the iliotibial tract of the fascia lata, for example, it is very well developed,
while over the rectus sheath and external oblique aponeurosis of the abdominal wall it is so thin as to
be scarcely demonstrable and is usually considered to be absent. In other parts, such as the face and
the ischioanal fossa, it is entirely absent. Where deep fascia passes directly over bone it is always



anchored firmly to the periosteum and the underlying bone is described as being subcutaneous. In the
neck, as well as the investing layer of deep fascia, there are other deeper fascial layers enclosing
neurovascular structures, glands and muscles. Intermuscular septa are laminae of deep fascia which
extend between muscle groups. Transverse thickenings of deep fascia over tendons, attached at their
margins to bones, form retinaculae at the wrists and ankles and fibrous sheaths on the fingers and toes.

Ligaments

Ligaments are composed of dense connective tissue, mainly collagen fibres, the direction of the fibres
being related to the stresses which they undergo. In general ligaments are unstretchable, unless
subjected to prolonged strain. A few ligaments, such as the ligamenta flava between vertebral laminae
and the ligamentum nuchae at the back of the neck, are made of elastic fibres, which enables them to
stretch and regain their original length thereafter. Ligaments are usually attached to bone at their two
ends.

Tendons

Tendons have a similar structure to collagenous ligaments, and attach muscle to bone. They may be
cylindrical, or flattened into sheet-like aponeuroses. Tendons have a blood supply from vessels
which descend from the muscle belly and anastomose with periosteal vessels at the bony attachment.

Synovial sheaths

Where tendons bear heavily on adjacent structures, and especially where they pass around loops or
pulleys of fibrous tissue or bone and change the direction of their pull, they are lubricated by being
provided with a synovial sheath. The parietal layer of the sheath is attached to the surrounding
structures, the visceral layer is fixed to the tendon, and the two layers glide on each other, lubricated
by a thin film of synovial fluid secreted by the lining cells of the sheath. The visceral and parietal
layers join each other at the ends of their extent. Usually they do not enclose the tendon cylindrically;
it is as though the tendon was pushed into the double layers of the closed sheath from one side. In this
way blood vessels can enter the tendon to reinforce the longitudinal anastomosis. In other cases blood
vessels perforate the sheath and raise up a synovial fold like a little mesentery—a vinculum—as in
the flexor tendons of the digits (see Fig. 2.47C, p. 90).

Cartilage

Cartilage is a type of dense connective tissue in which cells are embedded in a firm matrix,
containing fibres and ground substance composed of proteoglycan molecules, water and dissolved
salts. There are three types of cartilage. The most common is hyaline cartilage which has a blue-
white translucent appearance. Costal, nasal, most laryngeal, tracheobronchial, articular cartilage of
typical synovial joints and epiphyseal growth plates of bones are hyaline cartilage.

Fibrocartilage is like white fibrous tissue but contains small islands of cartilage cells and ground
substance between collagen bundles. It is found in intervertebral discs, the labrum of the shoulder and
hip joints, the menisci of the knee joints and at the articular surface of bones which ossify in
membrane (squamous temporal, mandible and clavicle). Both hyaline cartilage and fibrocartilage tend
to calcify and they may even ossify in old age.



Elastic cartilage has a matrix that contains a large number of yellow elastic fibres. It occurs in the
external ear, auditory (Eustachian) tube and epiglottis. Elastic cartilage never calcifies.

Fibrocartilage has a sparse blood supply, but hyaline and elastic cartilage have no capillaries, their
cells being nourished by diffusion through the ground substance.

Muscle

There are three kinds of muscle—skeletal, cardiac and smooth—although the basic histological
classification is into two types: striated and non-striated. This is because both skeletal and cardiac
muscle are striated, a structural characteristic due to the way the filaments of actin and myosin are
arranged. The term striated muscle, however, is usually taken to mean skeletal muscle. Smooth
muscle, also known as visceral muscle, is non-striated. Smooth muscle also contains filaments of
actin and myosin, but they are arranged differently. The terms ‘muscle cell’ and ‘muscle fibre’ are
synonymous. Smooth muscle fibres have a single nucleus, cardiac muscle fibres have one or two
nuclei and skeletal muscle fibres are multinucleated.

Smooth muscle consists of narrow spindle-shaped cells, usually lying parallel. They are capable of
slow but sustained contraction. In tubes that undergo peristalsis they are arranged in longitudinal and
circular fashion (as in the alimentary canal and ureter). In viscera that undergo a mass contraction
without peristalsis (such as urinary bladder and uterus) the fibres are arranged in whorls and spirals
rather than demonstrable layers. Contractile impulses are transmitted from one cell to another at sites
called nexuses or gap junctions, where adjacent cell membranes lie unusually close together.
Innervation is by autonomic nerves.

Cardiac muscle consists of broader, shorter cells that branch. Cardiac muscle is less powerful than
skeletal muscle, but is more resistant to fatigue. Part of the boundary membranes of adjacent cells
make very elaborate interdigitations with one another to increase the surface area for impulse
conduction. The cells are arranged in whorls and spirals; each chamber of the heart empties by mass
contraction. Although the heart has an intrinsic impulse generating and conduction system, the rate and
force of contraction are influenced by autonomic nerves.

Skeletal muscle consists of long, cylindrical non-branching fibres. Individual fibres are surrounded
by a fine network of connective tissue, the endomysium. Parallel groups of fibres are surrounded by
less delicate connective tissue, the perimysium, to form muscle bundles or fasciculi. Thicker
connective tissue, the epimysium, envelops the whole muscle. Neurovascular structures pass along the
sheaths.

The orientation of individual skeletal muscle fibres is either parallel or oblique to the line of pull of
the whole muscle. The range of contraction is long with the former arrangement, while the latter
provides increased force of contraction. Sartorius is an example of a muscle with parallel fibres.
Muscles with an oblique disposition of fibres fall into several patterns:

 Unipennate muscles, where all the fibres slope into one side of the tendon, giving a pattern like a
feather split longitudinally (e.g. flexor pollicis longus).

 Bipennate muscles, where muscle fibres slope into the two sides of a central tendon, like an



intact feather (e.g. rectus femoris).

» Multipennate muscles, which take the form of a series of bipennate masses lying side by side
(e.g. subscapularis), or of a cylindrical muscle within which a central tendon forms. Into the central
tendon the sloping fibres of the muscle converge from all sides (e.g. tibialis anterior).

The attachment of a muscle, where there 1s less movement, is generally referred to as its origin, and
the attachment, where there is greater movement, as its insertion. These terms are relative; which end
of the muscle remains immobile and which end moves depends on circumstances and varies with
most muscles. Simple usage of ‘attachment’ for both sites of fixation of a muscle avoids confusion and
inaccuracy.

Movements are the result of the coordinated activity of many muscles, usually assisted or otherwise
by gravity. Bringing the attachments of a muscle (origin and insertion) closer together is what is
conventionally described as the ‘action’ of a muscle (isotonic contraction, shortening it). If this is the
desired movement the muscle is said to be acting as a prime mover, as when biceps 1s required to
flex the elbow. A muscle producing the opposite of the desired movement—triceps in this example—
1s acting as an antagonist; it is relaxing but in a suitably controlled manner to assist the prime mover.
Two other classes of action are described: fixators and synergists. Fixators stabilize one attachment
of a muscle so that the other end may move, e.g. muscles holding the scapula steady are acting as
fixators when deltoid moves the humerus. Synergists prevent unwanted movement; the long flexors of
the fingers pass across the wrist joint before reaching the fingers, and if finger flexion is the required
movement, muscles that extend the wrist act as synergists to stabilize the wrist so that the finger
flexors can act on the fingers. A muscle that acts as a prime mover for one activity can of course act
as an antagonist, fixator or synergist at other times. Muscles can also contract isometrically, with
increase of tension but the length remaining the same, as when the rectus abdominis contracts prior to
an anticipated blow on the abdomen. Many muscles can be seen and felt during contraction, and this is
the usual way of assessing their activity, but sometimes more specialized tests such as electrical
stimulation and electromyography may be required.

Muscles have a rich blood supply. Arteries and veins usually pierce the surface in company with the
motor nerves. From the muscle belly vessels pass on to supply the adjoining tendon. Lymphatics run
back with the arteries to regional lymph nodes.

Embedded among the ordinary skeletal muscle cells are groups of up to about 10 small specialized
muscle fibres that constitute the muscle spindles. The spindle fibres are held together as a group by a
connective tissue capsule and are called intrafusal fibres (lying within a fusiform capsule), in contrast
to ordinary skeletal muscle fibres which are extrafusal. Spindles act as a type of sensory receptor,
transmitting to the central nervous system information on the state of contraction of the muscles in
which they lie.

Skeletal muscle is supplied by somatic nerves through one or more motor branches which also
contain afferent and autonomic fibres. The efferent fibres in spinal nerves are axons of the large o
anterior horn cells of the spinal cord which pass to extrafusal fibres, and axons of the small y cells
which supply the spindle (intrafusal) fibres. The motor nuclei of cranial nerves provide the axons for
those skeletal muscles supplied by cranial nerves.



The nerves supplying the ocular and facial muscles (third, fourth, sixth and seventh cranial nerves)
contain no sensory fibres. Proprioceptive impulses are conveyed from the muscles by local branches
of the trigeminal nerve. The spinal part of the accessory nerve and the hypoglossal nerve likewise
contains no sensory fibres. Proprioceptive impulses are conveyed from sternoclei-domastoid and
trapezius by branches of the cervical plexus, and from the tongue muscles probably by the lingual
nerve (trigeminal).

Bone

Bone is a type of vascularized dense connective tissue with cells embedded in a matrix composed of
organic materials, mainly collagen fibres, and inorganic salts rich in calcium and phosphate.

Macroscopically, bone exists in two forms: compact and cancellous. Compact bone is hard and
dense, and resembles ivory. It occurs on the surface cortex of bones, being thicker in the shafts of long
bones, and in the surface plates of flat bones. The collagen fibres in the mineralized matrix are
arranged in layers, embedded in which are osteocytes. Most of these lamellae are arranged in
concentric cylinders around vascular channels (Haversian canals), forming Haversian systems or
osteons, which usually lie parallel to each other and to the long axis of the bone. Haversian canals
communicate with the medullary cavity and each other by transversely running Volkmann's canals
containing anastomosing vessels. Cancellous bone consists of a spongework of trabeculae, arranged
not haphazardly but in a very real pattern best adapted to resist the local strains and stresses. If for
any reason there is an alteration in the strain to which cancellous bone is subjected there is a
rearrangement of the trabeculae. The moulding of bone results from the resorption of existing bone by
phagocytic osteoclasts and the deposition of new bone by osteoblasts. Cancellous bone is found in the
interior of bones and at the articular ends of long bones. The organization of cancellous or trabecular
bone is also basically lamellar but in the form of branching and anastomosing curved plates. Blood
vessels do not usually lie within this bony tissue and osteocytes depend on diffusion from adjacent
medullary vessels.

The medullary cavity in long bones and the interstices of cancellous bone are filled with red or
yellow marrow. At birth all the marrow of all the bones is red, active haemopoiesis going on
everywhere. As age advances the red marrow atrophies and is replaced by yellow, fatty marrow,
with no power of haemopoiesis. This change begins in the distal parts of the limbs and gradually
progresses proximally. By young adult life red marrow remains only in the ribs, sternum, vertebrae,
skull bones, girdle bones and the proximal ends of the femur and humerus; these tend to be sites of
deposition of malignant metastases.

The outer surfaces of bones are covered with a thick layer of vascular fibrous tissue, the periosteum,
and the nutrition of the underlying bone substance depends on the integrity of its blood vessels. The
periosteum is osteogenic, its deeper cells differentiating into osteoblasts when required. In the
growing individual new bone is laid down under the periosteum, and even after growth has ceased the
periosteum retains the power to produce new bone when it is needed, e.g. in the repair of fractures.
The periosteum is united to the underlying bone by collagen (Sharpey's) fibres, particularly strongly
over the attachments of tendons and ligaments. Periosteum does not, of course, cover the articulating
surfaces of the bones in synovial joints; it is reflected from the articular margins and blends with the
capsule of the joint.



The single-layered endosteum that lines inner bone surfaces (marrow cavity and vascular canals) is
also osteogenic and contributes to new bone formation.

One or two nutrient arteries enter the shaft of a long bone obliquely and are usually directed away
from the growing end. Within the medullary cavity they divide into ascending and descending
branches. Near the ends of bone they are joined by branches from neighbouring vessels and from
periarticular arterial anastomoses. Cortical bone receives blood supply from the periosteum and from
muscular vessels at their attachments. Veins are numerous and large in the cancellous red marrow
bones (e.g. the basivertebral veins). Lymphatics are present, but scanty; they drain to the regional
lymph nodes of the part.

Subcutaneous periosteum is supplied by the nerves of the overlying skin. In deeper parts the local
nerves, usually the branches to nearby muscles, provide the supply. Periosteum in all parts of the
body is very sensitive. Other nerves, probably vasomotor in function, accompany nutrient vessels into
bone.

Bone develops by two main processes, intramembranous and endochondral ossification (ossification
in membrane and cartilage). In general the bones of the vault of the skull, the face and the clavicle
ossify in membrane, while the long bones of the skeleton ossify in cartilage.

In intramembranous ossification, osteoblasts simply lay down bone in fibrous tissue; there is no
cartilage precursor. The bones of the skull vault, face and the clavicle develop in this way and the
growth in the thickness of other bones (subperiosteal ossification) is also by intramembranous
ossification.

I n endochondral ossification a pre-existing hyaline cartilage model of the bone is gradually
destroyed and replaced by bone. The majority of the bones of the skeleton, including the long bones,
are formed in this way. The cartilage is not converted into bone; it is destroyed and then replaced by
bone.

During all the years of growth there is constant remodelling with destruction (by osteoclasts) and
replacement (by osteoblasts), whether the original development was intramembranous or
endochondral. Similarly endochondral ossification, subperiosteal ossification and remodelling occurs
in the callus of fracture sites.

The site where bone first forms is the primary centre of ossification, and in long bones is in the
middle of the shaft (diaphysis), the centre first appearing about the eighth week of intrauterine life.
The ends of the bone (epiphyses) remain cartilaginous and only acquire secondary ossification
centres much later, usually after birth. The growing end of the diaphysis is the metaphysis, and the
adjacent epiphyseal cartilage is the epiphyseal plate. When ossification occurs across the epiphyseal
plate, the diaphysis and epiphysis fuse and bone growth ceases. The more actively growing end of a
bone starts to ossify earlier and is the last to fuse with the diaphysis.

In the metaphysis the terminal branches of the nutrient artery of the shaft are end arteries, subject to
the pathological phenomena of embolism and infarction; hence osteomyelitis in the child most
commonly involves the metaphysis. The cartilaginous epiphysis has, like all hyaline cartilage, no
blood supply. As ossification of the cartilaginous epiphysis begins, branches from the periarticular



vascular plexus penetrate to the ossification centre. They have no communication across the
epiphyseal plate with the vessels of the shaft. Not until the epiphyseal plate ossifies, at cessation of
growth, are vascular communications established. Now the metaphysis contains no end arteries and is
not subject to infarction from embolism; therefore osteomyelitis no longer has any particular site of
election in the bone.

Sesamoid bones

Sesame seed-like sesamoid bones are usually associated with certain tendons where they glide over
an adjacent bone. They may be fibrous, cartilaginous or bony nodules, or a mixture of all three, and
their presence is variable. The only constant examples are the patella, which is by far the largest, and
the ones in the tendons of adductor pollicis, flexor pollicis brevis and flexor hallucis brevis. In the
foot they can also occur in the peroneus longus tendon over the cuboid, the tibialis anterior tendon
against the medial cuneiform and the tibialis posterior tendon opposite the head of the talus. A
sesamoid bone in the lateral head of gastrocnemius (the fabella) is not associated with a tendon. The
reasons for the presence of sesamoids are uncertain. Sometimes they appear to be concerned in
altering the line of pull of a tendon (patella in the quadriceps tendon) or with helping to prevent
friction (as in the peroneus longus tendon moving against the cuboid bone).

Joints

Union between bones can be in one of three ways: by fibrous tissue; by cartilage; or by synovial
joints.

Fibrous joints occur where bones are separated only by connective tissue (Fig. 1.4A) and movement
between them is negligible. Examples of fibrous joints are the sutures that unite the bones of the vault
of the skull and the syndesmosis between the lower ends of the tibia and fibula.

Figure 1.4 Fibrous and cartilaginous joints in section: A fibrous joint; B primary cartilaginous
joint; C secondary cartilaginous joint.

Cartilaginous joints are of two varieties, primary and secondary. A primary cartilaginous joint
(synchondrosis) is one where bone and hyaline cartilage meet (Fig. 1.4B). Thus all epiphyses are
primary cartilaginous joints, as are the junctions of ribs with their own costal cartilages. All primary
cartilaginous joints are quite immobile and are very strong. The adjacent bone may fracture, but the



bone—cartilage interface will not separate.

A secondary cartilaginous joint (symphysis) is a union between bones whose articular surfaces are
covered with a thin lamina of hyaline cartilage (Fig. 1.4C). The hyaline laminae are united by
fibrocartilage. There may be a cavity in the fibrocartilage, but it is never lined with synovial
membrane and it contains only tissue fluid. Examples are the pubic symphysis and the joint of the
sternal angle (between the manubrium and the body of the sternum). An intervertebral disc is part of a
secondary cartilaginous joint, but here the cavity in the fibrocartilage contains a gel (p. 423).

A limited amount of movement is possible in secondary cartilaginous joints, depending on the amount
of fibrous tissue within them. All symphyses occur in the midline of the body.

Typical synovial joints, which include all limb joints, are characterized by six features: the bone
ends taking part are covered by hyaline cartilage and surrounded by a capsule enclosing a joint
cavity, the capsule is reinforced externally or internally or both by /igaments, and lined internally by
synovial membrane, and the joint is capable of varying degrees of movement. In atypical synovial
joints the articular surfaces of bone are covered by fibrocartilage.

The synovial membrane lines the capsule and invests all non-articulating surfaces within the joint; it
is attached round the articular margin of each bone. Cells of the membrane secrete a hyaluronic acid
derivative which is responsible for the viscosity of synovial fluid, whose main function is lubrication.
The viscosity varies, becoming thinner with rapid movement and thicker with slow. In normal joints
the fluid is a mere film. The largest joint of all, the knee, only contains about 0.5 mL.

The extent to which the cartilage-covered bone-ends make contact with one another varies with
different positions of the joint. When the surfaces make the maximum possible amount of contact, the
fully congruent joint is said to be close-packed (as in the knee joint in full extension). In this position
the capsule and its reinforcing ligaments are at their tightest. When the surfaces are less congruent (as
in the partly flexed knee), the joint is loose-packed and the capsule looser, at least in part.

Intra-articular fibrocartilages, discs or menisci, in which the fibrous element is predominant, are
found in certain joints. They may be complete, dividing the joint cavity into two, or incomplete. They
occur characteristically in joints in which the congruity between articular surfaces is low, e.g. the
temporomandibular, sternoclavicular and knee joints.

Fatty pads are found in some synovial joints, occupying spaces where bony surfaces are incongruous.
Covered in synovial membrane, they probably promote distribution of synovial fluid. The Haversian
fat pad of the hip joint and the infrapatellar fold and alar folds of the knee joint are examples.

Mucous membranes

A mucous membrane is the lining of an internal body surface that communicates with the exterior
directly or indirectly. This definition must not be taken to imply that all mucous membranes secrete
mucus; many parts of the alimentary and respiratory tracts do, but most of the urinary tract does not.
Mucous membranes consist of two and sometimes three elements: always an epithelium and an
underlying connective tissue layer, the lamina propria, which in much of the alimentary tract contains
a thin third component of smooth muscle, the muscularis mucosae. The whole mucous membrane,
often called ‘mucosa’, usually lies on a further connective tissue layer, the submucous layer or



submucosa. The epithelium of a mucous membrane varies according to the site and functional needs,
e.g. stratified squamous in the mouth, columnar in the intestine, ciliated in the trachea.

Serous membranes

A serous membrane (serosa) is the lining of a closed body cavity—pericardial, pleural and peritoneal
—and consists of connective tissue covered on the surface by a single layer of flattened mesothelial
cells (derived from the mesoderm of the coelomic cavity). The part of the serosa that lines the wall of
the cavity (the parietal layer of pericardium, pleura or peritoneum) is directly continuous with the
same membrane that covers or envelops the mobile viscera within the cavity (the visceral layer). The
peritoneal, pericardial and pleural cavities are potential slit-like spaces between the visceral layer
and the parietal layer. The two layers slide readily on each other, lubricated by a film of tissue fluid.
There are no glands to produce a lubricating secretion. The serous membranes are usually very
adherent to the viscera. The parietal layer is attached to the wall of the containing cavity by loose
areolar tissue and in most places can be stripped away easily.

The parietal layer of all serous membranes is supplied segmentally by spinal nerves. The visceral
layer has an autonomic nerve supply.

Blood vessels

Blood vessels are of three types: capillaries; arteries; and veins.

Capillaries are the smallest vessels. Their walls consist only of flattened endothelial cells.
Capillaries form an anastomotic network in most tissues. Certain structures, such as the cornea of the
eye and hyaline cartilage, are devoid of capillaries.

Arteries conduct blood from the heart to the capillary bed, becoming progressively smaller, and as
they do so, give way to arterioles which connect with the capillaries. Arterial walls have three
layers. The tunica intima is very thin and comprises the endothelial lining, little collagenous
connective tissue and an internal elastic lamina. Surrounding this layer is the tunica media consisting
mainly of elastic connective tissue fibres and smooth muscle in varying amounts. The aorta and major
arteries have a large proportion of elastic tissue which enables them to regain their original diameter
after the expansion that follows cardiac contraction. Smaller arteries have less elastic tissue and more
muscle. The tunica media of arterioles 1s almost entirely composed of smooth muscle. The outermost
layer of the arterial wall is the tunica adventitia, which has an external elastic lamina surrounded by
collagenous connective tissue.

Veins collect blood from the capillaries. They generally have a thinner wall and a larger diameter
than their corresponding arteries. Veins have the same three layers in their walls as arteries, but a
distinct internal elastic lamina is absent and there is much less muscle in the media. Peripheral limb
veins are often double, as venae comitantes of their arteries. In the proximal parts of limbs venae
comitantes unite into a single large vein. Many veins in the limbs and the neck have valves which
prevent reflux of blood. These valves usually have two cup-shaped cusps formed by an infolding of
the tunica intima. These cusps are apposed to the wall as long as the flow is towards the heart; when
blood flow reverses, the valves close by assuming their cup-shaped form. On the cardiac side of a
valve the vein wall is expanded to form a sinus. In general, there are no valves in the veins of the



thorax and abdomen; testicular veins have valves.

Anastomoses between arteries arc either actual or potential. In the former instance arteries meet
end to end, such as the labial branches of the two facial arteries. A potential anastomosis is by
terminal arterioles. Given sufficient time these arterioles can dilate to convey adequate blood, but
with sudden occlusion of a main vessel the anastomosis is inadequate to immediately nourish the
affected part, as in the case of the coronary arteries.

In many cases there is no precapillary anastomosis between adjacent arteries. Such vessels are end-
arteries, and here interruption of arterial flow necessarily results in gangrene or infarction. Examples
are found in the liver, spleen, kidney, lung, medullary branches of the central nervous system, the
retina and the straight branches of the mesenteric arteries.

Arteriovenous anastomoses are short-circuiting channels between terminal arterioles and primary
venules which occur in many parts of the body. They are plentiful in the skin, where they may have a
role in temperature regulation.

Sinusoids are wide capillaries which have a fenestrated or discontinuous endothelium. They are
numerous in the liver, spleen, adrenal medulla and bone marrow.

Blood vessels are innervated by efferent autonomic fibres which regulate the contraction of the
smooth muscle in their walls. These nerves act on muscular arteries and especially on arterioles.
Their main effect is vasoconstriction and increase in vascular tone, mediated by adrenergic
sympathetic fibres. In some areas sympathetic cholinergic fibres inhibit muscle activity and cause
vasodilatation. Circulating hormones and factors such as nitric oxide also act on vessel wall muscle.
On account of the thickness of their walls, large vessels have their own vascular supply through a
network of small vessels, the vasa vasorum.

Lymphatics

Not all the blood entering a part returns by way of veins; much of it becomes tissue fluid and returns
by way of lymphatic vessels. Lymphatic capillaries are simple endothelial tubes. Larger collecting
channels have walls similar to those of veins, but the specific tunics, or layers, are less distinct. They
differ from veins in having many more valves. In general superficial lymphatics (i.e. in subcutaneous
tissues) follow veins, while deep lymphatics follow arteries.

Clinical spread of disease (e.g. infection, neoplasm) by lymphatics does not necessarily follow
strictly anatomical pathways. Lymph nodes may be bypassed by the disease process. If lymphatics
become dilated by obstruction their valves may be separated and reversal of lymph flow can then
occur. Lymphatics communicate with veins freely in many parts of the body; the termination of the
thoracic duct in the neck may be ligated with impunity, for lymph finds its way satisfactorily into more
peripheral venous channels.

Lymphoid tissue

The defence mechanisms of the body include phagocytosis, which is a non-specific engulfing
process, and the immune response, which is a specific reaction to microorganisms and foreign
proteins (antigens). The immune response may occur in two ways: (1) by the humoral antibody



response, with production of antibodies which are protein molecules that circulate in the blood and
attach themselves to the foreign protein so that the combination of antigen and antibody can be
destroyed by phagocytosis; and (2) by the cell-mediated immune response, with the production of
specific cells that circulate in the blood and destroy the antigen or stimulate its phagocytosis. Two
types of lymphocyte produce these reactions: T cells are responsible for cell-mediated immunity and
B cells for humoral antibody production. The B cells become transformed into plasma cells which
produce the antibody molecules (the immunoglobulins: IgG; IgM; IgA; IgE; and IgD).

All lymphocytes arise from common stem cells in bone marrow (in the embryo from yolk sac, liver
and spleen). Some of them circulate to and settle in the thymus, where they proliferate. After release
into the bloodstream as T cells they colonize the spleen, lymph nodes and lymphoid follicles at other
sites by passing through the postcapillary venules of those structures. Other stem cells become B cells
and colonize lymphoid follicles without passing through the thymus. The 7 cells are so named because
they depend on the thymus for their development; cell-mediated immunity thus depends on this organ.
The B cells acquire their name from the bursa of Fabricius in birds, for it was in chickens that this
organ (a diverticulum of the cloaca) was first found to be the source of humoral antibodies. The main
types of T cell are cytotoxic T, helper T and regulatory T cells. B cells can either form plasma cells
or become B memory cells.

The lymphoid organs consist of the thymus, lymph nodes and spleen. All are encapsulated and have
an internal connective tissue framework to support the cellular elements. In all except the thymus the
characteristic structural feature is the lymphoid nodule or follicle, which is typically a spherical
collection of lymphocytes with a pale central area, the germinal centre. Unencapsulated lymphoid
tissue occurs in mucosa-associated lymphoid tissue (MALT) in the mucosa and submucosa of the
alimentary, respiratory and genitourinary tracts. Gut-associated lymphoid tissue (GALT) and
bronchus-associated lymphoid tissue (BALT) are categories of MALIL. Waldeyer's peripharyngeal

lymphoid ring of tonsils (palatine, lingual, nasopharyngeal and tubal) and Peyer's patches in the ileum
are areas of organized mucosa-associated lymphoid tissue (O-MALT). The overlying epithelium of
these sites is able to sample antigens in the lumen and translocate them to the underlying lymphoid
aggregation.

In the thymus the lymphocytes are not concentrated in rounded follicles but form a continuous dense
band of tissue at the outer region or cortex of the lobules into which the organ is divided. The inner
(paler) regions of the lobules form the medulla which has fewer lymphocytes and contains the
characteristic thymic corpuscles (of Hassall); these are remnants of the epithelium of the third
pharyngeal pouches from which the thymus developed.

In a typical lymph node the rounded follicles of lymphocytes are concentrated at the periphery
(cortex). Lymphocytes, not collected into follicles, are also present in the paracortical areas and
medullary region. B lymphocytes are found in the follicles and medulla; T lymphocytes in the
paracortical areas and in the cortex between follicles. Several afferent lymph vessels enter through
the capsule of the node and open into the subcapsular sinus. From here radial cortical sinuses drain to
medullary sinuses which are confluent with the efferent vessel draining the node at the hilum, where
blood vessels enter and leave. The thymus, spleen and the O-MALT aggregations, such as the tonsils,
do not have afferent lymphatics.



The (palatine and pharyngeal) tonsils possess lymphoid follicles similar to those of lymph nodes, but
while the nodes have a capsule of connective tissue the tonsils have, on their inner surfaces, a
covering of mucous membrane that dips down deeply to form the tonsillar crypts.

The lymphoid follicles of the spleen are found in its white pulp, which is scattered in the red pulp that
constitutes most of the substance of the spleen and contains large numbers of venous sinuses. In the
white pulp T lymphocytes form periarteriolar sheaths. The sheaths are enlarged in places by lymphoid
follicles with B lymphocytes in the germinal centres. These follicles are visible to the naked eye on
the cut surface of the spleen as whitish nodules up to 1 mm in diameter.

Apart from lymphocytes, all lymphoid organs and organized lymphoid tissue contain macrophages,
which are part of the mononuclear phagocyte system of the body.



Part two. Nervous system

The nervous system is divided into the central nervous system, which consists of the brain and
spinal cord, and the peripheral nervous system composed of cranial and spinal nerves and their
associated ganglia. The central and peripheral parts each have somatic and autonomic components;
the somatic are concerned with the innervation of skeletal muscle (along efferent pathways) and the
transmission of sensory information (along afferent pathways), and the autonomic are concerned with
the control of cardiac muscle, smooth muscle and glands (also involving efferent and afferent
pathways). The term autonomic nervous system is applied collectively to all autonomic components.

Neurons and nerves

The structural and functional unit of the nervous system is the nerve cell or neuron. It consists of a
cell body containing the nucleus, and a variable number of processes commonly called nerve fibres.
A single cytoplasmic process, the axon (often very long), conducts nerve impulses away from the cell
body, and may give off many collaterals and terminal branches to many different target cells. Other
multiple cytoplasmic processes, the dendrites (usually very short), expand the surface area of the cell
body for the reception of stimuli.

Pathways are established in the nervous system by communications between neurons at synapses,
which are sites on the cell body or its processes where chemical transmitters enable nerve impulses
to be handed on from one neuron to another. Transmission between neurons and cells outside the
nervous system, for example muscle cells (neuromuscular junctions), is also effected by neuro-
transmitters. The small number of ‘classic’ transmitters such as acetylcholine and noradrenaline
(norepinephrine) has been vastly supplemented in recent years by many substances. These include
monoamines, amino acids, nitric oxide and neuropeptides.

Cell bodies with similar function show a great tendency to group themselves together, forming nuclei
within the central nervous system and ganglia outside it. Similarly processes from such aggregations
of cell bodies tend to run together in bundles, forming tracts within the central nervous system and
nerves outside the brain and spinal cord.

Apart from neurons the nervous system contains other cells collectively known as neuroglial cells
(neuroglia or glia), which have supporting and other functions but which do not have the property of
excitability or conductivity possessed by neurons. The main types of neuroglial cell are astrocytes
and oligodendrocytes, which like neurons are developed from ectoderm of the neural tube. A third
type of neuroglial cell is the microglial cell (microglia) which is the phagocytic cell of the nervous
system, corresponding to the macrophage of connective tissue, and is derived from mesoderm.

Nerve fibres may be myelinated or unmyelinated. In the central nervous system myelin is formed by
oligo-dendrocytes, and in peripheral nerves by Schwann cells (neurolemmocytes). In myelinated
fibres, the regions where longitudinally adjacent Schwann cells or oligodendrocyte processes join
one another are the nodes (of Ranvier). The white matter of the nervous system is essentially a mass
of nerve fibres and is so called because of the general pale appearance imparted by the fatty myelin,
in contrast to grey matter which is darker and consists essentially of cell bodies.

Peripheral nerve fibres have been classified in relation to their conduction velocity, which is



generally proportional to size, and function:
* Group A—Up to 20 um diameter, subdivided into:
a:12—20 pm. Motor and proprioception (Ia and Ib)

B:5—12 um. Touch, pressure and proprioception (II)
v:5—12 um. Fusimotor to muscle spindles (II)
0:1-15 pm. Touch, pain and temperature (1II)

* Group B—Up to 3 um diameter. Myelinated. Preganglionic autonomic

e Group C—Up to 2 um diameter. Unmyelinated. Postganglionic autonomic, and touch and pain

(IV).

The widest fibres tend to conduct most rapidly. Unfortunately, as can be seen from the above, it is not
possible to make a precise prediction of function from mere size. Thus the largest myelinated fibres
may be motor or proprioceptive and the smallest, whether myelinated or unmyelinated, are autonomic
Or Sensory.

Spinal nerves

There are 31 pairs of spinal nerves: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral and 1 coccygeal. Each
spinal nerve is formed by the union of an anterior (ventral) and a posterior (dorsal) root which are
attached to the side of the spinal cord by little rootlets. The union takes place within the intervertebral
foramen through which the nerve emerges immediately distal to the swelling on the posterior root, the
posterior root ganglion; most of these are also within the foramen. The anterior root of every spinal
nerve contains motor (efferent) fibres for skeletal muscle; those from T1 to L2 inclusive and from S2
to S4 also contain autonomic fibres. The anterior root also contains a small number of unmyelinated
afferent pain fibres which have ‘doubled back’ from their cells of origin in the posterior root ganglion
to enter the spinal cord by the anterior root instead of by the posterior root. The posterior root of
every nerve contains sensory (afferent) fibres whose cell bodies are in the posterior root ganglion.
These are unipolar neurons, having a single process that bifurcates to pass to peripheral receptors and
the central nervous system. Unlike in autonomic ganglia there are no synapses in posterior root
ganglia.

Immediately after its formation the mixed spinal nerve divides into a larger anterior and a smaller
posterior ramus. The great nerve plexuses—cervical, brachial, lumbar and sacral—are formed from
anterior rami; posterior rami do not form plexuses.

Connective tissue binds the fibres of spinal nerves together to form the single nerve. Delicate loose
connective tissue, the endoneurium, lies between individual fibres. Rounded bundles of fibres, or
fascicles, are surrounded by the perineurium, a condensed layer of collagenous connective tissue.
Fascicles are bound together into a single nerve by a layer of loose but thicker connective tissue, the
epineurium. In the largest nerve, the sciatic, only about 20% of the cross-sectional area is nerve, so
80% 1is connective tissue, but in smaller nerves the amount of neural tissue is proportionally greater.
The larger nerves have their own nerves, the nervi nervorum, in their connective tissue coverings.

Peripheral nerve trunks in the limbs are supplied by branches from local arteries. The sciatic nerve in



the buttock and the median nerve at the elbow each have a large branch from the inferior gluteal and
common interosseous arteries respectively. Elsewhere, however, regional arteries supply nerves by a
series of longitudinal branches which anastomose freely within the epineurium, so that nerves can be
displaced widely from their beds without risk to their blood supply.

General principles of nerve supply

Once the nerve supply to a part is established in the embryo it never alters thereafter, unlike the
vascular supply. However far a structure may migrate in the devel-oping fetus it always drags its
nerve with it. Conversely, the nerve supply to an adult structure affords visible evidence of its
embryonic origin.

Skeletal muscles are innervated from motor neuron ‘pools’—groups of motor nerve cell bodies in
certain cranial nerve nuclei of the brainstem and anterior horns of the spinal cord. The pool supplying
any one muscle overlaps the pools of another, e.g. the anterior horn cells of spinal cord segments C5
and C6 that supply deltoid are intermixed with cells of the same segments supplying subscapularis
and other muscles. The only exceptions to the overlapping of neuronal pools are the brainstem nuclei
of the fourth and sixth cranial nerves, as they are the only motor nerve cell groups supplying only one
muscle (superior oblique and lateral rectus of the eye respectively).

Nerve supply of the body wall

The body wall is supplied segmentally by spinal nerves (Fig. 1.5). The posterior rami pass
backwards and supply the extensor muscles of the vertebral column and skull, and to a varying extent
the skin that overlies them. The anterior rami supply all other muscles of the trunk and limbs and the
skin at the sides and front of the neck and body.

Figure 1.5 Course of a typical intercostal nerve along the neurovascular plane of the body wall,
between the middle and innermost of the three muscle layers.

Posterior rami

In the trunk, all the muscles of the erector spinae and transversospinalis groups that lie deep to the
thoracolumbar fascia, and the levator costae muscles of the thorax are supplied by the posterior rami



of spinal nerves (Fig. 1.6). In the neck, splenius and all muscles deep to it are similarly supplied.

Figure 1.6 Distribution of posterior rami. On the right, the cutaneous distribution is shown (medial
branches down to T6, to clear the scapula, and lateral branches below this); the stippled areas of
skin are supplied by anterior rami. On the left, the muscular distribution is shown, to erector spinae
and to splenius and the muscles deep to it.

Each posterior ramus divides into a medial and a lateral branch (Fig. 1.5). Both branches of the
posterior rami supply muscle, but only one branch, either medial or lateral, reaches the skin. In the
upper half of the thorax the medial branches, and in the rest of the body the lateral branches, of the
posterior rami provide the cutaneous branches (Fig. 1.6).

C1 has no cutaneous branch, and the posterior rami of the lower two nerves in the cervical and
lumbar regions of the cord likewise fail to reach the skin. All 12 thoracic and five sacral nerves reach
the skin. No posterior ramus ever supplies skin or muscle of a limb.

Anterior rami

The anterior rami supply the prevertebral flexor muscles segmentally by separate branches from each
nerve (e.g. longus capitis and colli, scalene muscles, psoas, quadratus lumborum, piriformis). The
anterior rami of the lower four cervical and the first thoracic nerves supply muscles in the upper limb
via the brachial plexus. The anterior rami of the 12 thoracic nerves and L1 supply the muscles of the
body wall segmentally. Each intercostal nerve supplies the muscles of its intercostal space, and the
lower six nerves pass beyond the costal margin to supply the muscles of the anterior abdominal wall.
The first lumbar nerve (iliohypogastric and ilioinguinal nerves) is the lowest spinal nerve to supply
the anterior abdominal wall. Muscles supplied by anterior rami below L1 are no longer in the body
wall; they have migrated into the lower limb.

C2, 3 and 4 supply skin in the neck by branches of the cervical plexus. C5, 6, 7 and 8 and T1 supply



skin of the upper limb via the brachial plexus.

In the trunk the skin is supplied in strips or zones in regular sequence from T2 to L1 inclusive. The
intercostal nerves each have a lateral branch to supply the sides and an anterior terminal branch to
supply the front of the body wall (Fig. 1.5). The lower six thoracic nerves pass beyond the costal
margin obliquely downwards to supply the skin of the abdominal wall (Fig. 1.7).

Figure 1.7 Overlap of dermatomes on the body wall. On the right side, the supraclavicular and
thoracic nerves are shown. On the left, the anterior axial line is indicated; this marks the boundary
on the chest wall between skin supplied by the cervical plexus and by intercostal nerves. Adjacent
dermatomes overlap and thereby, for instance, the dermatomes of T6 and T8 meet each other,
completely covering T7, explaining why division of a single intercostal nerve does not give rise to
anaesthesia on the trunk.

Neurovascular plane

The nerves of the body wall, accompanied by their segmental arteries and veins, spiral around the
walls of the thorax and abdomen in a plane between the middle and deepest of the three muscle layers
(see p. 181 and Fig. 1.5). In this neurovascular plane the nerves lie below the arteries as they run
around the body wall. But the nerves cross the arteries posteriorly alongside the vertebral column and
again anteriorly near the ventral midline, and at these points of crossing the nerve always lies nearer
the skin. The spinal cord lies nearer the surface of the body than the aorta, and as a result the spinal
nerve makes a circle that surrounds the smaller arterial circle. The arterial circle is made of the aorta
with its intercostal and lumbar arteries, completed in front by the internal thoracic and the superior
and inferior epigastric arteries. As a part of the same arterial pattern the vertebral arteries pass up to
the cranial cavity. The spinal nerves, as they emerge from the intervertebral foramina, pass laterally
behind the vertebral artery in the neck, behind the posterior intercostal arteries in the thorax, behind
the lumbar arteries in the abdomen and behind the lateral sacral arteries in the pelvis. The anterior
terminal branches of the spinal nerves similarly pass in front of the internal thoracic and the superior
and inferior epigastric arteries (Fig. 1.5).

The sympathetic trunk runs vertically within the arterial circle. From the base of the skull to the
coccyx the sympathetic trunk lies anterior to the segmental vessels (vertebral, posterior intercostal,
lumbar and lateral sacral arteries).



Sympathetic fibres

Every spinal nerve without exception, from Cl to the coccygeal, carries postganglionic
(unmyelinated, grey) sympathetic fibres which ‘hitch-hike’ along the nerves and accompany all their
branches. They leave the spinal nerve only at the site of their peripheral destination. They are in the
main vasoconstrictor in function, though some go to sweat glands in the skin (sudomotor) and to the
arrectores pilorum muscles of the hair roots (pilomotor). In this way the sympathetic system
innervates the whole body wall and all four limbs. This is chiefly for the function of temperature
regulation. The visceral branches of the sympathetic system have a different manner of distribution

(see p. 19).
Nerve supply of limbs

The body wall has been seen to be supplied segmentally by spinal nerves (Fig. 1.5). A longitudinal
strip posteriorly is supplied by posterior rami, a lateral strip by the lateral branches of the anterior
rami, and a ventral strip by the anterior terminal branches of the anterior rami. In the fetus the limb
buds grow out from the lateral strip supplied by the lateral branches of the anterior rami and these
lateral branches, by their anterior and posterior divisions, form the plexuses for supply of the muscles
and skin of the limbs. The posterior divisions supply extensor muscles and the anterior divisions
supply flexor muscles. Both divisions supply skin of the limbs.

Each limb consists of a flexor and an extensor compartment, which meet at the preaxial and postaxial
borders of the limb. These borders are marked out approximately by veins. In the upper limb the
cephalic vein lies at the preaxial and the basilic vein at the postaxial border. In the lower limb,
extension and medial rotation, which replace the early fetal position of flexion, have complicated the
picture. The great saphenous vein marks out the preaxial and the small saphenous vein the postaxial
borders of the limb.

The spinal nerves entering into a limb plexus come from enlarged parts of the cord, the cervical
enlargement for the brachial plexus and the lumbar enlargement for the lumbar and sacral plexuses.
The enlargements are produced by the greatly increased number of motor neurons in the anterior horns
at these levels (see p. 487).

On account of the way nerve fibres become combined and rearranged in plexuses, any one spinal
nerve can contribute to more than one peripheral nerve and peripheral nerves can receive fibres from
more than one spinal nerve. It follows that the area of skin supplied by any one spinal nerve or spinal
cord segment 1s not the same as the area supplied by a peripheral spinal nerve. Two kinds of skin
maps or charts are therefore required, one showing segmental innervation and the other showing
peripheral nerves. The segmental supplies are reviewed below; the peripheral nerves of the upper
and lower limbs are summarized on pages 91 and 162.

Segmental innervation of the skin

The area of skin supplied by a single spinal nerve is called a dermatome. On the trunk, adjacent
dermatomes overlap considerably, so that interruption of a single spinal nerve produces no
anaesthesia (Fig. 1.7); the same applies to the limbs, except at the axial lines. The line of junction of
two dermatomes supplied from discontinuous spinal levels is demarcated by an axial line, and such
axial lines extend from the trunk on to the limbs. In the upper limb (Fig. 1.8) the anterior axial line



runs from the sternal angle across the second costal cartilage and down the front of the limb almost to
the wrist. The dermatomes lie in orderly numerical sequence when traced distally down the front and
proximally up the back of the anterior axial line (C5, 6, 7, 8 and T1) and these dermatomes are
supplied by the nerves of the brachial plexus. In addition, skin has been ‘borrowed’ from the neck and
trunk to clothe the proximal part of the limb (C4 over the deltoid muscle, T2 for the axilla).

Figure 1.8 Approximate dermatomes and axial lines of the right upper limb. See text for
explanation.

Considerable distortion occurs to the dermatome pattern of the lower limb (Fig. 1.9) for two reasons.
Firstly the limb, from the fetal position of flexion, 1s medially rotated and extended, so that the
anterior axial line is caused to spiral from the root of the penis (clitoris) across the front of the
scrotum (labium majus) around to the back of the thigh and calf in the midline almost to the heel.
Secondly, a good deal of skin is ‘borrowed’ from the trunk on the cranial side (from T12, L1, 2 and
3). As in the upper limb, the dermatomes can be traced in numerical sequence down in front and up
behind the anterior axial line (L1, 2, 3, 4, 5 and S1, 2, 3).

Figure 1.9 Approximate dermatomes and axial lines of the right lower limb. See text for
explanation.




A practical application of the anterior axial line arises in spinal analgesia. A ‘low spinal’ (caudal)
anaesthetic anaesthetizes the skin of the posterior two-thirds of the scrotum or labium majus (S3), but
to anaesthetize the anterior one-third of the scrotum or labium LL1 must be involved, an additional
seven spinal segments higher up.

It must be remembered that a single chart cannot indicate individual variations or the differing
findings of several groups of investigators, and that such charts are a compromise between the
maximal and minimal segmental areas which experience has shown can occur. Original charts, such
as those made by Sherrington, Head and Foerster, are being modified by the continuing accumulation
of new information. Thus T1 nerve, for example, is not usually considered to supply any thoracic skin
but has sometimes been considered to do so, and LS and S1 have been reported to extend to buttock
skin although this is not usually expected. It 1s probable that posterior axial lines do not exist, but
evidence for anterior axial lines is more convincing. Difficulty in investigation arises in the main
from the blurring of patterns due to overlap from adjacent dermatomes. A chart of dermatomes must
therefore be interpreted with flexibility. The following summary offers selected guidelines that are
clinically useful:

C1 [No skin supply

C2 |Occipital region, posterior neck and skin over parotid
C3 [Neck

C4 |Infraclavicular region (to manubriosternal junction), shoulder and above scapular spine
CS5 |Lateral arm

C6 |[Lateral forearm and thumb

C7 Middle fingers

C8 |[Little finger and distal medial forearm

T1 |Medial arm above and below elbow

T2 [Medial arm, axilla and thorax

T3 [Thorax and occasional extension to axilla

T4 [Nipple

T7 |Subcostal angle

T8 |Rib margin

T10 [Umbilicus

T12 [Lower abdomen, upper buttock

L1 [Suprapubic and inguinal regions, penis, anterior scrotum (labia), upper buttock
L2 |Anterior thigh, upper buttock

L3 |Anterior and medial thigh and knee

[4 [Medial leg, medial ankle and side of foot

L5 [Lateral leg, dorsum of foot, medial sole

S1 [Lateral ankle, lateral side of dorsum and sole

S2 |Posterior leg, posterior thigh, buttock, penis

S3 |Sitting area of buttock, posterior scrotum (labia)

S4  |Perianal




|SS and Co Behind anus and over coccyx. |

Segmental innervation of muscles

Most muscles are supplied equally from two adjacent segments of the spinal cord. Muscles sharing a
common primary action on a joint irrespective of their anatomical situation are all supplied by the
same (usually two) segments. Their opponents, sharing the opposite action, are likewise all supplied
by the same (usually two) segments and these segments usually run in numerical sequence with the
former. For a joint one segment more distal in the limb the spinal centre lies en bloc one segment
lower 1in the cord.

Thus there are in effect spinal centres for joint movements, and these centres tend to occupy
continuous segments in the cord. The upper one or two segments innervate one movement, and the
lower one or two innervate the opposite movement (although sometimes the same segment may
innervate both movements, but of course from different anterior horn cells). Thus the spinal centre for
the elbow 1s in CS5, 6, 7, 8 segments; biceps, brachialis and brachioradialis (the prime flexors of the
elbow) are supplied by C5, 6 and triceps (the prime extensor of the elbow) is supplied by C7, 8.

The segments mainly responsible for the various limb joint movements are summarized in Figures
1.10 and 1.11. Flexion/extension at the hip, knee and ankle are the easiest to remember, for each
movement involves two segments in logical sequence for each joint, and for each more distal joint the
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Figure 1.10 Segmental innervation of movements of the lower limb.
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Figure 1.11 Segmental innervation of movements of the upper limb.

The above pattern enables the segmental innervation of a muscle to be determined, e.g.:
« iliacus (flexes hip) L2, 3
* biceps femoris (flexes knee) LS, S1
* soleus (plantarflexes ankle) S1, 2.
The above are simple flexion—extension movements and, indeed, cover all knee- and ankle-moving

muscles. At the hip, however, movements other than flexion and extension are possible, but all are
innervated by the same four segments. Thus:

» adduction or medial rotation (same as flexion) L2, 3

» abduction or lateral rotation (same as extension) L4, 5.

For inversion and eversion of the foot the formulae are:
* invert foot L4
* evert foot L5, S1.

Tibialis anterior and tibialis posterior invert the foot and both are innervated by L4 segment. Tibialis
anterior is also a dorsiflexor and L4, 5 (from the formula already given for dorsiflexion) is its correct
segmental supply. Tibialis posterior, however, lies deep among the plantar flexors of the ankle (S1,
2), but its main action is inversion of the foot (it is the principal invertor) and, although it assists
plantar flexion, its segmental innervation is L4, 5.

The upper limb movements, with the segments involved (Fig. 1.11), are as follows:

Shoulder Abduct and laterally rotate C5
Adduct and medially rotate C6, 7, 8
Elbow Flex C5, 6




Extend C7, 8
Forearm Supinate C6
Pronate C7, 8
Wrist only Flex C6, 7
Extend Co6, 7
Fingers and thumb Flex C7, 8
(long tendons) Extend C7, 8
Hand TI.
(intrinsic muscles)

In the upper limb the two-and-two segment pattern is not as regular as in the lower limb, probably
because in the upper limb much more precise movements are constantly being employed, and the
spinal centres have broken up into separate nuclei to control these. Thus, below the elbow the plan
does not conform to the basic pattern of four spinal segments for each joint. Flexion and extension
share the same two segments; these are C6, 7 for the wrist and C7, 8 for the digits. But the rule holds
that the more distal joints are innervated from lower centres in the cord.

As a guide to the level of spinal cord injury it is useful to be aware of a muscle and a movement for
which a particular spinal cord segment is mainly responsible:

C4 [Diaphragm. Respiration

C5 [Deltoid. Abduction of the shoulder

C6 |Biceps. Flexion of the elbow. Biceps jerk (see below)

CT7 |Triceps, Extension of the elbow. Triceps jerk (see below)

C8 [Flexor digitorum profundus and extensor digitorum. Finger flexion and extension
T1 [Abductor pollicis brevis representing small hand muscles. Abduction of the thumb
T7—12 Anterior abdominal wall muscles. Guarding. Abdominal reflex (see below)
L1 |Lowest fibres of internal oblique and transversus abdominis. Guarding

L2 |Psoas major. Flexion of the hip

L3 |Quadriceps femoris. Extension of the knee. Knee jerk (see below)

L4 |Tibialis anterior and posterior. Inversion of the foot

LS |Extensor hallucis longus. Extension of the great toe

S1 |Gastrocnemius. Plantarflexion of the foot. Ankle jerk (see below)

S2 [Small muscles of the foot

S3 [Perineal muscles. Bladder (parasympathetic). Anal reflex (see below).

It is important to note that the term ‘root’ as used in root injuries may be taken to mean either the
nerve root proper, i.e. from the side of the spinal cord to the intervertebral foramen, or the roots of the
plexuses, i.e. anterior rami distal to the foramen. In lesions of the nerve roots proper, sweating in the
distribution of the appropriate nerves is normal, but in more peripheral lesions sweating is reduced,
because the postganglionic sympathetic fibres from the sympathetic trunk join the roots of plexuses
distal to the nerve roots proper (Fig. 1.12C).




Figure 1.12 Examples of spinal reflex pathways: A the two neurons of a stretch reflex (tendon
jerk), which 1s monosynaptic; B a multisynaptic reflex arc—only one interneuron is shown but
there may be several; C the three neurons of a sympathetic reflex, the body of the preganglionic
cell is 1n the lateral horn of the spinal cord and that of the postganglionic cell in a sympathetic
ganglion (the preganglionic fibre runs in the white ramus communicans, the more distal connection
of the ganglion, and the postganglionic fibre in the proximal grey ramus); D the fusimotor neuron
loop; the y efferent neuron, under the influence of higher centres, stimulates the muscle spindle
from which afferent fibres pass back to the spinal cord to synapse with the o motor neuron.

Spinal reflexes

What is commonly called the ‘knee jerk’ and similar tendon reflexes are typical examples of spinal
myotatic or stretch reflexes (deep tendon reflexes). They illustrate the simplest kind of reflex
pathway and involve only two neurons with one synapse (monosynaptic reflex arc, Fig. 1.12A);
indeed the tendon reflexes are the only examples of monosynaptic reflex arcs, for all other reflexes
involve two or more synapses (multisynaptic, Fig. 1.12B, C).

Tapping the tendon momentarily stretches the spindles within the muscle and this stimulates the
afferent (Ia) fibres of the nerve endings surrounding the intrafusal fibres, which pass into the spinal
cord by the posterior nerve root. These afferents synapse directly with the o motor neurons of the
anterior horn whose axons form the efferent side of the arc, so causing the extrafusal fibres to contract
and produce the ‘jerk’ at the joint.

For most practical purposes the segments mainly concerned with the reflexes most commonly tested
may be taken as: biceps jerk—C6; triceps jerk—C7; knee jerk—L3; ankle jerk—S1.

Diminution or absence of the jerk usually indicates some kind of interruption of the arc or muscular
defect, but exaggeration of the tendon reflexes is taken as evidence of an upper motor neuron lesion
due to alterations in the supraspinal control of the anterior horn cells which are rendered unduly



excitable. In this case the y motor neurons of the anterior horn are stimulated by such fibres as the
reticulospinal and vestibulospinal. The pathway (Fig. 1.12D) is from the y motor neuron to the
intrafusal muscle fibres of the spindle, then from the afferent fibres of the spindle to the o motor
neuron and so to the extrafusal fibres. This is the y reflex loop or fusimotor neuron loop.

In addition to the above deep tendon reflexes, there are superficial skin reflexes which are
multisynaptic. Those most commonly tested are the plantar, abdominal and anal reflexes.

Firm stroking of the lateral surface of the sole of the foot (as with the end of a key) to elicit the
plantar reflex normally causes plantarflexion of the great toe and probably of the other toes as well.
Extension of the great toe—the extensor response (Babinski's sign)—indicates an upper motor
neuron lesion. In infants under 1 year old the extensor response is the normal response; only with
myelination of the corticospinal tracts during the second year does the normal plantar reflex become
flexor.

The abdominal reflex is elicited by lightly stroking across each quadrant of the anterior abdominal
wall. Normally there is contraction of the underlying muscles, but the reflexes are absent in upper
motor neuron lesions. Patients with paraplegia who are lying down may exhibit Beevor's sign: when
trying to lift the shoulders, the umbilicus is displaced upwards, due to weakness of the muscles below
the umbilicus.

The anal reflex (‘anal wink’) i1s a visible contraction of the external anal sphincter following
pinprick of the perianal skin and depends on intact sacral segments of the cord (mainly S3).

Autonomic nervous system

The motor part of the somatic nervous system is concerned with the innervation of skeletal muscle.
The cell bodies are either in the motor nuclei of cranial nerves or the anterior horn cells of the spinal
cord, and the nerve fibres which leave the central nervous system run uninterruptedly to the muscles,
ending as motor endplates on the muscle fibres. The motor part of the autonomic nervous system is
concerned with the innervation of cardiac and smooth muscle and glands, and the great difference
between this and the somatic system is that the pathway from nerve cells in the central nervous system
to the target organ is interrupted by synapses in a ganglion. There are thus two sets of neurons, which
are logically called preganglionic and postganglionic. The preganglionic cell bodies are always
within the central nervous system. If sympathetic, they are in the lateral horn cells of all the thoracic
and the upper two lumbar segments of the spinal cord; this is the thoracolumbar part of the autonomic
nervous system (the ‘thoracolumbar outflow’). If parasympathetic, they are in certain cranial nerve
nuclei and in lateral horn cells of sacral segments of the spinal cord; this is the craniosacral part of
the autonomic nervous system (the ‘craniosacral outflow”).

The postganglionic cell bodies are in ganglia in the peripheral nervous system. If sympathetic, the
ganglia are either in the sympathetic trunk or in autonomic plexuses situated in the abdomen and
pelvis (such as the coeliac ganglia). If parasympathetic, the ganglia are usually within the walls of the
viscera concerned, while in the head there are four ganglia which are some little distance from the
structures innervated.

Sympathetic nervous system



Having reached a sympathetic trunk ganglion, the incoming preganglionic fibres have one of three
possible synaptic alternatives. The most common is for them to synapse with cell bodies in a trunk
ganglion, either in the one they entered (Fig. 1.13A) or to run up or down the trunk to some other trunk
ganglion. The second alternative is to leave the trunk ganglion without synapsing and to pass to a
ganglion in an autonomic plexus for synapse (Fig. 1.13B). The third possibility (which applies only to
a small number of fibres) is that they leave the trunk (without synapsing) to pass to the suprarenal
gland, where certain cells of the medulla can be regarded as modified ganglion cells.

Figure 1.13 Visceral connections of sympathetic ganglia: A efferent pathway with synapse in a
sympathetic trunk ganglion; B efferent pathway with synapse in a peripheral ganglion; C afferent
pathway for pain fibres, passing through the trunk ganglion and into the spinal nerve by the white
ramus communicans.

Because there is no sympathetic outflow from the cervical part of the cord, nor from the lower lumbar
and sacral parts, those preganglionic fibres which are destined to synapse with cell bodies whose
fibres are going to run with cervical nerves must ascend in the sympathetic trunk to cervical ganglia,
and those for lower lumbar and sacral nerves must descend in the trunk to lower lumbar and sacral
ganglia.

The segmental levels of the preganglionic cell bodies concerned with the innervation of the different
regions of the body (via postganglionic neurons) are indicated in Figure 1.14. In general the body is
represented upright from head to perineum but with overlaps and individual variations.
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Figure 1.14 Spinal cord levels of sympathetic preganglionic cells. There may be considerable
individual variations, especially for the upper limb.

The sympathetic trunk extends alongside the vertebral column from the base of the skull to the coccyx.
Theoretically there is a ganglion for each spinal nerve, but fusion occurs, especially in the cervical
region where the upper four unite to form the superior cervical ganglion, the fifth and sixth form the
middle cervical ganglion, and the seventh and eighth fuse as the inferior cervical ganglion (and often
with the first thoracic ganglion as well to form the cervicothoracic or stellate ganglion). Elsewhere
there is usually one ganglion less than the number of nerves: 11 thoracic; 4 lumbar; and 4 sacral.

The fibres from the lateral horn cells of each segment of the spinal cord leave in the anterior nerve
root (with the axons of anterior horn cells) to reach the spinal nerve and its anterior ramus. The
connecting links from here to the sympathetic trunk and its ganglia are the rami communicantes. There
are normally two rami; the white ramus communicans is the more distal of the two, and this is the one
containing the preganglionic fibres (which are myelinated, hence called white). The other, the grey
ramus communicans, contains efferent postganglionic fibres (which are unmyelinated, hence grey).
The fibres in the grey ramus are those that are distributed via the branches of the spinal nerve to blood
vessels, sweat glands and arrector pili muscles (i.e. they are vasomotor, sudomotor and pilomotor).
Every spinal nerve receives a grey ramus. All the thoracic and the upper two lumbar nerves have both
white and grey rami connecting them to sympathetic ganglia. But the cervical, lower lumbar and
sacral nerves do not have white rami; the ganglia they are connected with receive preganglionic
fibres from the thoracolumbar outflow through the chain. Because of the fusion of ganglia, the superior
cervical ganglion gives off four grey rami, and the other cervical ganglia two each. Occasionally rami
(both grey and white) may be duplicated.

Each sympathetic trunk ganglion has a collateral or visceral branch, usually called a splanchnic
nerve in the thoracic, lumbar and sacral regions, but in the cervical region called a cardiac branch
because it proceeds to the cardiac plexus. The visceral branches generally arise high up and descend
steeply to form plexuses for the viscera (Fig. 1.13). Thus cardiac branches arise from the three
cervical ganglia to descend into the mediastinum to the cardiac plexus, which is supplemented by
fibres from upper thoracic ganglia. From the fifth and lower thoracic ganglia three splanchnic nerves
pierce the diaphragm to reach the coeliac plexus and other pre-aortic plexuses, which are also joined
by lumbar splanchnic nerves from the upper lumbar ganglia. Fibres from these plexuses, and



splanchnic nerves from the lower lumbar ganglia, descend to the superior hypogastric plexus and
thence to the left and right inferior hypogastric (pelvic) plexuses.

The sympathetic visceral plexuses thus formed are joined by parasympathetic nerves: vagus to the
coeliac plexus; and pelvic splanchnics (S2—4) to the inferior hypogastric plexuses. The mixed
visceral plexuses reach the viscera by direct branches and by branches that hitch-hike along the
relevant arteries.

In addition to the visceral branches, which supply not only the smooth muscle and glands of viscera
but also the blood vessels of those viscera, all trunk ganglia give off vascular branches to adjacent
large blood vessels. The cervical ganglia give branches to the carotid and vertebral arteries,
including (from the superior cervical ganglion) the internal carotid nerve, running upwards on the
artery of that name to form the internal carotid plexus on the artery as it enters the skull. The thoracic
and lumbar ganglia give filaments to the various aortic plexuses and from there to aortic branches
including the common iliac arteries, continued along the internal and external iliac arteries as far as
the proximal part of the femoral artery. Branches from the sacral ganglia pass to the lateral sacral
arteries. Limb vessels get their sympathetic innervation mainly from nerve fibres that run with the
adjacent peripheral nerves before passing to the vessels; the fibres do not run long distances along the
vessels themselves. Thus the nerve filaments to the vessels of the tip of a finger or toe run not with the
digital arteries but with the digital nerves, and only leave the nerves near the actual site of
innervation.

Afferent sympathetic fibres

Many afferent fibres hitch-hike along sympathetic efferent pathways. Some form the afferent limb for
unconscious reflex activities; others are concerned with visceral pain. All have their cell bodies in
the posterior root ganglia of spinal nerves (not in sympathetic ganglia), at approximately the same
segmental level as the preganglionic cells (Fig. 1.14). The afferent fibres reach the spinal nerve via
the white ramus communicans (Fig. 1.13C) and then join the posterior root ganglion, from which
central processes enter the spinal cord by the posterior nerve root (like any other afferent fibres).
Visceral pain fibres enter the posterior horn of the spinal cord, and thereafter the pain pathway is the
same as that for spinal nerve pain fibres. Others concerned with reflex activities may synapse with
interneurons in the cord or ascend to the hypothalamus and other higher centres by pathways that are
not defined.

Sympathectomy

For the control of excessive sweating and vasoconstriction in the extremities of the limbs, parts of the
sympathetic trunk with appropriate ganglia can be removed to abolish the normal sympathetic
influence. In upper thoracic ganglionectomy for the upper limb the second and third thoracic ganglia
with their rami and the intervening part of the trunk are resected; alternatively, the trunk is divided
below the third ganglion and the rami communicantes to the second and third ganglia are severed. The
first thoracic ganglion is not removed, as the preganglionic fibres for the upper limb do not usually
arise above T2 level (see above), and its removal would result in Horner's syndrome (see p. 408).
Upper thoracic ganglionectomy is described further on page 211.

For lumbar sympathectomy the third and fourth lumbar ganglia and the intervening trunk are removed.
The first lumbar ganglion should be preserved otherwise ejaculation may be compromised. Lumbar



sympathectomy is described further on page 282.

Parasympathetic nervous system

Although all parts of the body receive a sympathetic supply, the distribution of parasympathetic fibres
i1s wholly visceral and not to the trunk or limbs. However, not all viscera are so innervated: the
suprarenal glands and the gonads appear to have only a sympathetic supply.

The preganglionic fibres of cranial origin have their cell bodies in the accessory (Edinger—Westphal)
oculomotor nucleus, the superior and inferior salivatory nuclei of the seventh and ninth cranial nerves
respectively, and the dorsal motor nucleus of the vagus. The fibres of the first three nuclei synapse
with cells in the four parasympathetic ganglia, described below; the vagal fibres synapse with
postganglionic cell bodies in the walls of the viscera supplied (heart, lungs and gut).

The preganglionic fibres of sacral origin arise from cells in the lateral grey horn of sacral segments
2—4 of the spinal cord, and constitute the pelvic splanchnic nerves. Leaving the anterior rami of the
appropriate sacral nerves near the anterior sacral foramina, they pass forwards to enter into the
formation of the inferior hypogastric plexuses. From there they run to pelvic viscera and to the hindgut
as far up as the splenic flexure, and synapse around postganglionic cell bodies in the walls of these
viscera.

Cranial parasympathetic ganglia

The four ganglia—-ciliary, pterygopalatine, submandibular and otic—are very similar in plan. Each
has parasympathetic, sympathetic and sensory roots, and branches of distribution. The roots and
branches are described in general terms below and illustrated in Figure 1.15; the topographical
details of each ganglion are dealt with in the regions concerned.

Figure 1.16 An embryo at the beginning of the second week. The trophoblast has differentiated into
an inner layer of cells with single nuclei (the cytotrophoblast) and an outer layer with multiple
nuclei but without distinct cell boundaries (the syncytiotrophoblast).

The parasympathetic root carries the preganglionic fibres from the cells of origin in a brainstem
nucleus. This is the essential functional root of the ganglion; its fibres synapse in it, whereas the fibres
of all other roots simply pass through the ganglion without synapse.

The sympathetic root contains postganglionic fibres from the superior cervical ganglion, whose
preganglionic cell bodies are in the lateral grey horn of cord segments T1-3.



The sensory root contains the peripheral processes of cell bodies in the trigeminal ganglion.

The branches of each ganglion carry the postganglionic parasympathetic fibres to the particular
structure(s) requiring this kind of localized motor innervation: ciliary muscle and sphincter pupillae
from the ciliary ganglion, salivary glands from the submandibular and otic ganglia, and lacrimal,
nasal and palatal glands from the pterygopalatine ganglion. The other fibres in the branches are
sympathetic fibres to the same structures (mainly for their blood vessels) and afferent fibres.

Ciliary ganglion (see p. 403)

Parasympathetic root. From the Edinger—Westphal part of the oculomotor nucleus by a branch from
the nerve to the inferior oblique muscle from the inferior division of the oculomotor nerve.

Sympathetic root. From the superior cervical ganglion by branches of the internal carotid plexus.
Sensory root. From a branch of the nasociliary nerve, with cell bodies in the trigeminal ganglion.
Branches. Short ciliary nerves to the eye.

Pterygopalatine ganglion (see p. 370)

Parasympathetic root. From the superior salivary nucleus by the nervus intermedius part of the facial
nerve, the greater petrosal nerve and the nerve of the pterygoid canal.

Sympathetic root. From the superior cervical ganglion by the internal carotid plexus, the deep
petrosal nerve and the nerve of the pterygoid canal.

Sensory root. From branches of the maxillary nerve, with cell bodies in the trigeminal ganglion.

Branches. To the lacrimal gland via the zygomatic and lacrimal nerves, and to mucous glands in the
nose, nasopharynx and palate via maxillary nerve branches. A few fibres (not shown in Fig. 1.15) are
taste fibres from the palate, which run in the greater petrosal nerve and have cell bodies in the
geniculate ganglion of the facial nerve.
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Figure 1.15 Connections of the four parasympathetic ganglia of the head and neck.

Submandibular ganglion (see p. 338)

Parasympathetic root. From the superior salivary nucleus by the nervus intermedius part of the facial
nerve, the chorda tympani and the lingual nerve.

Sympathetic root. From the superior cervical ganglion by fibres running with the facial artery.
Sensory root. From a branch of the lingual nerve, with cell bodies in the trigeminal ganglion.
Branches. To the submandibular and sublingual glands via branches of the lingual nerve.

Otic ganglion (see p. 366)
Parasympathetic root. From the inferior salivary nucleus by the glossopharyngeal nerve, its tympanic
branch, the tympanic plexus and the lesser petrosal nerve.

Sympathetic root. From the superior cervical ganglion by fibres running with the middle meningeal
artery.

Sensory root. From the auriculotemporal nerve with cell bodies in the trigeminal ganglion.
Branches. To the parotid gland via filaments of the auriculotemporal nerve.

Unlike the other three ganglia, the otic ganglion has an additional somatic motor root, from the nerve
to the medial pterygoid; the fibres pass through (without synapse) to supply the tensor tympani and
tensor palati muscles.

Parasympathetic afferent fibres

As in the sympathetic nervous system, afferent fibres often accompany the parasympathetic supply to
various structures. Such fibres that run with the glossopharyngeal and vagus nerves have their cell
bodies in the inferior ganglia of those nerves, and their central processes pass to the nucleus of the



tractus solitarius, through which there are connections with other parts of the brainstem and higher
centres for the reflex control of respiration, heart rate, blood pressure and gastrointestinal activity.

The pelvic splanchnic nerves also carry afferent fibres. Their cell bodies are in the posterior root
ganglia of the second to fourth sacral nerves and the central processes enter the cord by the posterior
nerve roots. Some make local synaptic connections, e.g. for bladder reflexes, but others are pain
fibres from pelvic viscera, which often seem to use both sympathetic and parasympathetic pathways
for pain transmission, e.g. from bladder and rectum.



Part three. Embryology

The development of most of the organs and systems is touched upon in the text descriptions of the
regions concerned. Here a very brief account of some important features of early development is
included, to provide a background for the later notes.

Early development

For the first 8 weeks of the 40-week human gestation period the developing organism is an embryo;
after that time it is a fetus. By the end of the embryonic period most organs have differentiated, and
the changes during the fetal period are essentially those of maturation. Many but not all congenital
defects are initiated in the embryo rather than the fetus.

The fertilized ovum or zygote undergoes repeated cell divisions (cleavage) to produce a mass of
cells, the morula, which travels along the uterine tube towards the uterus. Further division enlarges
the morula and a fluid-filled cavity (the extraembryonic coelom) appears in it; the whole structure is
now a blastocyst. At this stage implantation into the uterine mucosa takes place, about 6 days after
fertilization. The outer layer of cells of the blastocyst, the trophoblast, is destined to become
placental. The remainder of the cells are concentrated at one end of the blastocyst to form the inner
cell mass or embryoblast, attached to the inner aspect of the trophoblast.

At the beginning of the second week after fertilization, the embryoblast differentiates into two layers,
a layer of columnar cells (the epiblast) and a layer of cuboidal cells (the hypoblast). Two cavities
then appear, the amniotic cavity, which is related to the epiblast, and the yolk sac, which is related to
the hypoblast (Fig. 1.16). The two cavities are surrounded by the extraembryonic coelom, except
where the embryoblast is connected to the trophoblast by the connecting stalk, which later develops
into the umbilical cord.

A primitive streak appears on the amniotic aspect of the embryoblast towards what will become the
caudal end of the embryo (Fig. 1.17A). The streak indicates the site of a groove at the cephalic end of
which is a primitive pit with slightly raised margins; this is the primitive node. In the third week,
epiblast cells in the region of the primitive streak invaginate, displacing the hypoblast, and spread
bilaterally and cephalad forming two new layers, the mesoderm next to the epiblast and the
endoderm adjacent to the hypoblast. The remaining epiblast cells form the ectoderm. From the
primitive pit a rod of cells invaginate directly cephalad between ectoderm and endoderm; this is the
notochord, which extends as far as the buccopharyngeal membrane, where ectoderm and endoderm
remain in contact. Similarly at the caudal end of the primitive streak, ectoderm and endoderm are in
apposition at the cloacal membrane.




Figure 1.17 A Dorsal view of an embryo at the beginning of the third week; B formation of neural
tube and neural crest.

An indentation of the ectoderm overlying the notochord forms the neural groove (Fig. 1.17B). Its
edges unite to form the neural tube, which becomes depressed below the surface. In due course, the
brain and spinal cord develop from the neural tube. Some of the cells derived from the edges of the
groove become isolated between the tube and the overlying ectoderm to form the neural crest. Its
cells are destined to migrate and contribute to the development of several structures, including
posterior root ganglia of spinal nerves, corresponding ganglia of cranial nerves, autonomic ganglia,
neuroglia, Schwann cells, meninges, bones of the skull and face, sclera and choroid of the eye,
dentine and cementum of teeth, parafollicular cells of the thyroid, chromaffin cells of the suprarenal
medulla and melanocytes.

Alongside the notochord and neural tube the mesoderm lies in three longitudinal strips (Fig. 1.18).
That nearest the midline is the paraxial mesoderm; it becomes segmented in cephalocaudal sequence
into masses of cells called mesodermal somites. The somites produce: (1) the sc/erotome, medially,
which surrounds the neural tube and notochord, producing the vertebrae and ribs; and (2) the
dermomyotome or muscle plate, laterally, which produces the muscles of the body wall and the
dermis of the skin.




Figure 1.18 Cross-section through an embryo at the end of the third week.

The intermediate strip of mesoderm is the intermediate cell mass. From its lateral side in
cephalocaudal sequence develop successively the pronephros, mesonephros and metanephros and
their associated ducts—the progenitors of the urinary and genital systems. Its medial side gives rise to
the gonad and the cortex of the suprarenal gland.

The most lateral strip of mesoderm is the lateral plate. Very early the embryo begins to curl up, a
result of the more rapid growth of the dorsal (ectodermal) surface. The embryo becomes markedly
convex towards the amniotic cavity and correspondingly concave towards the yolk sac. As the lateral
plate curls around to enclose the yolk sac its mesoderm becomes split into two layers by a space that
appears within it. The space is the beginning of the intraembryonic coelom or body cavity. The inner
layer is the splanchnic (visceral) mesoderm. It encloses the yolk sac in an hourglass constriction; the
part of the yolk sac outside persists in the umbilical cord as the vitellointestinal duct; the part inside
the embryo becomes the alimentary canal. The outer layer of the lateral plate is the somatic (parietal)
mesoderm. Into it the paraxial myotomes migrate in segments to produce the flexor and extensor
muscle layers of the body wall. The coelomic cavity at first includes pleural and peritoneal spaces in
one continuum; they become separated later. The pleura and peritoneum are thus mesodermal in
origin.

The limb buds grow from the lateral plate mesoderm and their muscles develop in situ. Although the
lateral plate mesoderm is unsegmented, the motor fibres that grow into it from the spinal cord limb
plexuses arrange their distribution in a segmental pattern.

The septum transversum consists of the mass of mesoderm lying on the cranial aspect of the
coelomic cavity. Its cranial part contains the pericardial cavity, the walls of which develop into the
pericardium and part of the diaphragm. It is invaded by muscles from cervical myotomes, mainly the
fourth; they produce the muscle of the diaphragm. The septum transversum later descends, taking the
heart with it, to the final position of the diaphragm. The caudal part of the septum transversum is
invaded by the developing liver, which it surrounds as the ventral mesogastrium.

The folding of the embryo is impeded to some extent at the tail end by the presence of the connecting
stalk, which later becomes the umbilical cord. The greatest amount of folding occurs at the head end
of the embryo. By the end of the first fortnight the forebrain capsule is folded down over the
pericardium, and a mouth pit, the stomodeum, shows as a dimple between the two. Within the body
of the embryo the gut cavity extends headwards dorsal to the pericardium, as far forwards as the
buccopharyngeal membrane, which closes the bottom of the mouth pit. The buccopharyngeal



membrane breaks down and disappears in the fourth week and its former site cannot be made out with
certainty in the later embryo or adult. Cranial to the site of the membrane the mouth pit is lined with
ectoderm; this includes the region of all the mandibular and maxillary teeth, and the anterior two-
thirds of the tongue. Rathke's pouch arises from this ectoderm and forms the anterior lobe of the
pituitary gland. Caudal to the buccopharyngeal membrane is the pharynx, lined with endoderm and
lying dorsal to the pericardium.

Pharyngeal arches and pouches

Mesodermal condensations develop in the side walls of the primitive pharynx to form the pharyngeal
arches and they grow around towards each other ventrally, where they fuse in the midline. In this way
a series of six horseshoe-shaped arches (also called branchial arches) comes to support the pharynx
(Fig. 1.19). Deep grooves appear on the surface of the embryo at the intervals between the arches;
these are the pharyngeal (or branchial) clefts. The fifth arch is rudimentary and only four clefts are
visible. Outpouchings develop from the lining of the pharynx in between the arches and opposite the
clefts: the pharyngeal (or branchial) pouches. The fourth and fifth pouches share a common opening
into the lumen of the pharynx. In each arch a central bar of cartilage forms and muscle differentiates
from the mesoderm around it. An artery and cranial nerve are allocated to the supply of each arch and
its derivatives. Vascular patterns are very changeable during development, but a nerve supply, once
established, remains constant and knowledge of the nerve supply of a muscle enables its pharyngeal
arch origin to be determined.

Figure 1.19 Floor of the developing pharynx. The pharyngeal (branchial) arches are numbered.
The foramen caecum lies in the midline between the first and second arches.

First (mandibular) arch

Chondrification in the mesoderm of the first arch produces Meckel's cartilage. The dorsal end of
Meckel's cartilage produces the incus and malleus, and the anterior ligament of the malleus. The
sphenomandibular ligament (Fig. 1.20) is a remnant of the fibrous perichondrium of Meckel's
cartilage. The lingula at the mandibular foramen develops from the cartilage. The mandible starts
ossifying in membrane lateral to Meckel's cartilage, and the rest of the cartilage becomes
incorporated in the developing mandible. Some time after birth the cartilage disappears.




Figure 1.20 Derivatives of the first arch cartilage.

Ectodermal and endodermal derivatives of this arch are the mucous membrane and glands (but not the
muscle) of the anterior two-thirds of the tongue. The muscles of mastication (masseter, temporal and
pterygoids), the mylohyoid and anterior belly of digastric, and the two tensor muscles (tensor palati
and tensor tympani) develop from the first arch and are supplied by the mandibular nerve, which is
the nerve of this arch. Part of the artery of the first arch persists as the maxillary artery.

Other arches

The skeletal and muscular derivatives of the remaining arches can be summarized as follows.

Second (hyoid) arch

Skeletal derivatives: stapes; styloid process; stylohyoid ligament; lesser horn; and superior part of
body of hyoid bone (Fig. 1.21).
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Figure 1.21 Derivatives of the second and third arch cartilages.

Muscular derivatives: muscles of facial expression (including buccinator and platysma); stapedius;
stylohyoid; posterior belly of digastric—all supplied by the facial, the nerve of the second arch.

Third arch
Skeletal derivatives: greater horn and inferior part of body of hyoid bone (Fig. 1.21).

Muscular derivatives: stylopharyngeus—supplied by the glossopharyngeal, the nerve of the third arch.

Fourth and sixth arches

Skeletal derivatives: thyroid; cricoid; epiglottic and arytenoid cartilages.

Muscular derivatives: intrinsic muscles of larynx; muscles of pharynx; levator palati—all supplied by
laryngeal and pharyngeal branches of the vagus, the nerve of these arches.



Lateral derivatives of the pharyngeal pouches

Except for the first, each pouch grows laterally into a dorsal and a ventral diverticulum.

First pouch. This is the only pouch in which the endoderm remains in close apposition to the
ectoderm of the corresponding cleft, namely at the tympanic membrane, where the mesoderm
separating them is minimal. In the other pouches the ectoderm and endoderm are finally widely
separated. The endoderm of the first pouch is prolonged laterally, via the auditory tube, to form the
middle ear and mastoid antrum (the second pouch gives a contribution to the middle ear; see below).
The first pharyngeal cleft becomes deepened to form the external acoustic meatus.

Second pouch. The dorsal part assists the first pouch in the formation of the tympanic cavity, taking
what may be its pretrematic nerve (the tympanic branch of the glossopharyngeal) with it; the word
‘trema’ means a cleft. The ventral part of the pouch develops the tonsillar crypts and the
supratonsillar fossa from its endoderm, the surrounding mesoderm contributing the lymphatic tissue of
the palatine tonsil. The nerve supply of these derivatives is the glossopharyngeal.

Third pouch. Dorsally the inferior parathyroid gland (termed parathyroid III) and ventrally the thymic
rudiment grow from this pouch. The latter progresses caudally and joins with that of the other side to
produce the bilobed thymus gland. In its descent the thymic bud draws parathyroid III in a caudal
direction, so that ultimately the latter lies inferior to parathyroid IV, which is derived from the fourth
pouch. From this thymic bud the medulla of the thymus, including the thymic (Hassall's) corpuscles, is
derived; the lymphocytes of the cortex migrate from bone marrow.

Fourth pouch. The superior parathyroid glands (parathyroid IV) are derived from the endodermal
lining of this pouch.

Fifth pouch. This forms the ultimobranchial body, from which are derived the parafollicular (C)
cells of the thyroid gland which produce calcitonin.

Cervical sinus

Concurrently with the growth of the above derivatives from the endoderm of the pouches a change
takes place externally in the overlying ectoderm. The only pharyngeal cleft to persist is the first,
which forms the external ear. The second arch increases in thickness and grows caudally, over the
third, fourth and sixth arches, covering the second, third and fourth clefts and meeting skin caudal to
these. During this process a deep groove is formed, which becomes a deep pit, the cervical sinus.
The lips of the pit then meet and fuse and the imprisoned ectoderm disappears. Persistence of this
ectoderm gives rise to a branchial cyst. Persistence of the deep pit is termed a branchial sinus. A
rare branchial fistula results from breaking down of the tissues between the floor of the pit and the
side wall of the pharynx (endoderm). The track of the fistula runs from the region of the palatine
tonsil, between the external and internal carotid arteries, and reaches the skin anterior to the lower
end of sternocleidomastoid.

Ventral derivatives of the floor of the pharynx
The tongue, thyroid gland and larynx are derived from the floor of the mouth (Fig. 1.19).

Buds from the first, third and fourth arches form the stroma of the tongue, the epithelium being derived



from the ectoderm of the stomodeum and the endoderm of the cranial end of the pharynx. Occipital
myotomes migrate forwards to provide the musculature, carrying their nerve (hypoglossal) supply
with them.

The thyroglossal duct originates from the endoderm of the floor of the pharynx at the foramen caecum
(Fig. 1.19) in the region of the developing tongue, and then passes caudally in front of the hyoid bone,
behind which it forms a recurrent loop (Fig. 1.22). The thyroid gland buds from the duct's distal end,
which itself may give rise to the pyramidal lobe. Other remnants of the duct may persist as accessory
thyroid glands or form thyroglossal cysts (Fig. 1.23). Rupture of a cyst gives rise to a thyroglossal
sinus (‘fistula’). Removal of retrohyoid duct remnants usually requires excision of a segment from the
middle of the hyoid bone. Failure of descent of the thyroglossal duct may result in the development of
a lingual thyroid.

Figure 1.22 Course of the thyroglossal duct. The thyroid gland, larynx and trachea have been
drawn to a smaller scale than the tongue, mandible and hyoid bone.




Figure 1.23 Thyroglossal cyst.

In the ventral wall of the pharynx a laryngotracheal groove appears. The cephalic end of this gutter
is limited by the furcula, a ridge in the shape of a wish-bone (Fig. 1.19). The ridges which limit the
gutter grow towards each other and, by their fusion, convert the gutter into a tube. While maintaining
its connection with the pharynx at its cranial end, the larynx, the rest of the tube, the trachea, separates
from the oesophagus and buds out into the bronchi and lungs at its caudal end. Failure of proper
separation of the trachea and oesophagus results in a tracheo-oesophageal fistula. The furcula persists
at the aperture of the larynx, whose cartilages, including that of the epiglottis, derive from the
underlying fourth and sixth pharyngeal arches.

Branchial arch arteries

From the cephalic end of the primitive heart tube (see p. 30) a ventral aorta divides right and left into
two branches which curve back caudally as the two dorsal aortae. As the branchial arches develop, a
vessel in each arch joins the ventral to the dorsal aortae. Thus six aortic arches are to be accounted
for. Caudal to this region, the two dorsal aortac fuse to become a single vessel; proximal to the
fusion, a part of the right dorsal aorta subsequently disappears.

Parts of the first and second arch arteries form the maxillary and stapedial arteries respectively; the
latter does not persist after birth. They are branches of the external carotid artery. The third remains
as the common carotid and part of the internal carotid arteries. The fourth on the right contributes to
the subclavian artery, on the left to the arch of the aorta. The fifth disappears entirely. By the time the
sixth artery appears the upper bulbar part of the heart tube has been divided into aorta and pulmonary
trunk and it is to the pulmonary trunk that the sixth arch arteries are connected ventrally. Dorsally they
communicate with the dorsal aortae. The dorsal part of the sixth arch artery disappears on the right
side but persists on the left as the ductus arteriosus, which thus connects the left pulmonary artery to
the arch of the aorta (Fig. 1.24). This explains why the recurrent laryngeal (sixth arch) nerve hooks
round the ligamentum arteriosum on the left, but migrates up and hooks round the subclavian artery on
the right.

Figure 1.24 Fate of the arch arteries. The arteries are numbered and the dotted lines indicate the
arteries that disappear. The asymmetry of the course of the recurrent laryngeal nerves results from
differences in the fate of the lower arch arteries.

Anomalies of the great vessels



The most common anomaly of development is a patent ductus arteriosus (persistence of part of the
left sixth arch artery), which fails to close in the immediate postnatal period. Coarctation of the aorta
(narrowing) is due to a defect of the tunica media which forms a shelf-like projection into the lumen,
most commonly in the region of the ductus connection; collateral circulation distal to the obstruction
is provided by the internal thoracic and posterior intercostal arteries. An abnormal origin of the
right subclavian artery is from the arch of the aorta, just distal to the origin of the left one. The
abnormal artery passes to the right behind the oesophagus and is a possible cause of dysphagia. With
the lack of a normal right subclavian arch, the right recurrent laryngeal nerve is non-recurrent and
runs down the side of the larynx: a possible hazard in thyroidectomy. The reported incidence of a
non-recurrent nerve is around 1%.

Development of mouth and face

The stomodeum (mouth pit) has appeared by the end of the second week and the buccopharyngeal
membrane between it and the pharynx breaks down in the fourth week.

The stomodeum is bounded below by the mandibular prominence of the first arch (Fig. 1.25), which
produces the floor of the mouth, lower jaw and lower lip. From mesenchyme (embryonic mesoderm)
on the ventral surface of the developing brain the frontonasal prominence grows down towards the
stomodeum. This is indented by two nasal placodes which develop into nasal pits. These are
bounded by medial and lateral nasal prominences that unite to encircle the nostril. From the cranial
aspect of the dorsal region of each mandibular prominence, the maxillary prominence grows
ventrally above the stomodeum, forming the floor of the orbit and fusing with the lateral nasal
prominence along the line of the nasolacrimal duct. The medial nasal prominences merge to form the
intermaxillary segment from which develops the philtrum of the upper lip, the part of the upper jaw
that carries the four incisor teeth and the adjacent primary palate. The maxillary prominences fuse
with the philtrum to form the whole of the upper lip.




Figure 1.25 Stages in the development of the face.

At first the developing tongue lies against the floor of the cranium. A midline flange (the nasal
septum) grows down from the base of the mesenchymal precursor of the skull. From each maxillary
process a flange, known as the palatal shelf, grows downwards and medially; these shelves are soon
elevated to a horizontal position over the dorsum of the tongue. The two palatal shelves meet and
unite, forming the secondary palate. They also fuse with the nasal septum and the primary palate, the
midline incisive foramen persisting at the site of the latter fusion. These fusions begin anteriorly
during the eighth week and extend posteriorly to become complete at the uvula in the tenth week.

The nerve supply of all these structures is derived from the fifth cranial (trigeminal) nerve. The
frontonasal prominence and its derivatives are supplied by the ophthalmic division, the maxillary
prominence and its derivatives by the maxillary division and the mandibular prominence and its
derivatives by the mandibular division.

Defects of development

The most common abnormalities are cleft lip and cleft palate (1 in 1000 and 1 in 2500 births
respectively) and there are ethnic variations in these incidences; they may or may not coexist. Cleft
lip is more frequently lateral. The cleft runs down from the nostril and results from a failure of fusion
between the maxillary and medial nasal prominences. Cleft lip may be bilateral and may involve the
upper jaw and extend between the primary and secondary palates, the central part being an isolated
intermaxillary segment.

Cleft palate may be partial or complete. As the two palatal processes unite with each other
progressively from front to back, arrest of union results in a posterior defect (Fig. 1.26) that varies
from the mildest form of bifid uvula to a complete cleft from uvula to gum. In the latter case the cleft
almost always runs between a lateral incisor and a canine tooth. Very rarely a midline cleft may



separate the two halves of the maxilla. Irregular formations of incisor and canine teeth often
accompany these defects of palatal development.

Figure 1.26 Cleft palate. Palatal fusion has commenced anteriorly but a large posterior defect
persists. (Provided by Mr S van Eeden, Alder Hey Hospital, Liverpool.)

A less common defect arises from the failure of fusion of the lateral nasal process with the maxillary
process, producing a groove (facial cleft) on the face along the line of the nasolacrimal duct.

Development of the cloaca

At the caudal end of the embryo, the hindgut and the allantois (a diverticulum from the yolk sac) meet
in a common cavity, the cloaca, bounded distally by the cloacal membrane (Fig. 1.27A). From the
dorsal wall of the allantois, the urorectal septum grows downwards to meet the cloacal membrane,
so dividing the cloaca and membrane into two (Fig. 1.27B): at the front are the urogenital sinus and
urogenital membrane, and at the back the anorectal canal and the anal membrane, which lies in a small
ectodermal depression, the proctodeum. The tip of the urorectal septum forms the perineal body.
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Figure 1.27 Development of the cloaca: A the urorectal septum grows down to divide the cloaca
into the urogenital sinus and the anorectal canal; B the uppermost (vesicourethral) part of the sinus




becomes the bladder and the proximal part of the prostatic urethra, with the pelvic and phallic
parts distally; C in the male the pelvic part becomes the prostatic urethra distal to the opening of
the ejaculatory ducts, and the phallic part becomes the dorsal part of the penile urethra; D in the
female the bladder and urethra are from the vesicourethral part of the sinus.

The urogenital sinus (endoderm) has three unequally sized parts. The uppermost and largest is the
vesical (vesicourethral) part, which forms most of the bladder epithelium (with surrounding
mesoderm forming the muscle and connective tissue) and the female urethra (Fig. 1.27D). The lower
end of the mesonephric duct (see p. 286) opens into this part of the sinus, with the ureter arising as a
bud from the duct. The lower ends of the duct and ureter become incorporated into the developing
bladder, so forming the trigone and in the male the part of the urethra proximal to the opening of the
ejaculatory duct (Fig. 1.27C).

The middle or pelvic part of the sinus forms the rest of the prostatic urethra, the membranous urethra
and the prostate (with surrounding mesoderm forming the fibromuscular stroma). In the female it
contributes to the vagina (derived principally from the paramesonephric ducts; see p. 307).

The lowest or phallic part of the sinus becomes the dorsal part of the penis and penile urethra or the
lower part of the vagina. At the front of the urogenital membrane (which breaks down) is a midline
mesodermal swelling, the genital tubercle (Fig. 1.27B), which becomes the glans penis or clitoris.
Leading back from the tubercle on either side are the urogenital folds, which in the female remain
separate as the labia minora. In the male they unite at the back to form the midline raphe of the
scrotum, the rest of the scrotum coming from the pair of genital (labioscrotal) swellings which
develop lateral to the urogenital folds and which in the female become the labia majora. The front
parts of the urogenital folds unite from the scrotum forwards as the ventral part of the penis and penile
urethra; failure of such fusion results in hypospadias, where the urethra opens on the ventral aspect of
a malformed penis.

Cardiac and venous development

Early development of the heart

Primitive blood vessels are laid down by angioblasts on the wall of the yolk sac. Two such vessels
fuse together to make a single heart tube which develops muscle fibres in its wall and becomes
pulsatile. It differentiates into four parts which in a cephalocaudal direction are the bulb, ventricle,
atrium and sinus venosus. The tube grows at a greater rate than the cavity (the primitive pericardial
cavity) in which it is suspended; it therefore has to bend, and it does so in such a way that the bulb
and the ventricle come to lie in front of the atrium and sinus venosus. There is also a slight twisting of
the bulb to the right and the larger ventricle to the left, hence the normal left-sided bulging of the
definitive heart.

The upper part of the bulb is the truncus arteriosus, which divides to become the aorta and
pulmonary trunk. The lower part of the bulb becomes most of the right ventricle, with the original
ventricle forming most of the left ventricle. The atrium becomes divided into two, with the sinus
venosus becoming mostly absorbed into the right atrium.

Development of veins



From a network of primitive veins, certain longitudinal channels develop to return blood to the sinus
venosus. It receives blood from three sources: from the placenta by umbilical veins, from the yolk sac
(which becomes the alimentary canal) by vitelline veins, and from the general tissues of the embryo
by cardinal veins. In each group there are right and left veins, with anastomosing cross-channels
between each pair, and the whole or part of one longitudinal vein of each pair disappears: right
umbilical; left vitelline; and left cardinal.

The vitelline veins, with their cross-channels, contribute to the formation of the portal vein and the
upper end of the inferior vena cava.

The left umbilical vein joins the left branch of the portal vein, but its blood short-circuits the liver by
passing along a venous shunt, the ductus venosus, which joins the inferior vena cava on the cranial
side of the liver. After birth the left umbilical vein and its continuation, the ductus venosus, become
reduced to fibrous cords, the ligamentum teres and ligamentum venosum.

On each side, a vein from the head and neck (internal jugular) and from the upper limb (subclavian)
unite to form the anterior cardinal vein. Similarly, from the lower limb and pelvis, external and
internal iliac veins form the posterior cardinal vein, into which drain segmental veins (intercostal
and lumbar). The anterior and posterior veins unite to form the short common cardinal vein which
opens into the sinus venosus. The essential features of subsequent changes are the obliteration of the
major portions of the left anterior and posterior cardinals, with the persistence of a cross-channel at
each end of the trunk: the left brachiocephalic vein and the left common iliac vein.

In the thorax the right anterior cardinal vein forms the right brachiocephalic vein and part of the
superior vena cava, the rest being derived from the common cardinal. The azygos and hemiazygos
veins develop from the right posterior cardinal vein and the supracardinal vein that replaces the left
posterior cardinal vein.

In the abdomen other longitudinal channels appear, both medial (subcardinal) and dorsal
(supracardinal) to the original posterior cardinal. The end result is the formation of the inferior vena
cava and its tributaries from different parts of these vessels and their intercommunications. In the
lower abdomen the common iliac veins are behind the corresponding arteries, but higher up the renal
veins are in front of the renal arteries, due to their development from dorsal or ventral venous
channels.

Fetal circulation

The fetal blood i1s oxygenated in the placenta not in the lungs. The economy of the fetal circulation is
improved by three short-circuiting arrangements, all of which cease to function at the time of birth: the
ductus venosus, the foramen ovale and the ductus arteriosus.

Ductus venosus

Oxygenated blood returns from the placenta by the (left) umbilical vein, which joins the left branch of
the portal vein in the porta hepatis. This oxygenated blood short-circuits the sinusoids of the liver; it
is conveyed directly to the inferior vena cava by the ductus venosus. This channel lies along the
inferior surface of the liver, between the attached layers of the lesser omentum. After birth, when
blood no longer flows along the thrombosed umbilical vein, the blood in the ductus venosus clots and



the ductus venosus becomes converted into a fibrous cord, the /ligamentum venosum, lying deep in the
cleft bounding the caudate lobe of the liver. The intra-abdominal part of the umbilical vein persists as
a fibrous cord, the ligamentum teres. The two are continuous.

Foramen ovale

The interatrial septum of the fetal heart is patent, being perforated by the foramen ovale. Blood
brought to the right atrium by the inferior vena cava is directed by its ‘valve’ through the foramen and
so enters the left atrium. The oxygenated placental blood is thus made to bypass the right ventricle and
the airless lungs, and is directed into the left ventricle and aorta and so to the carotid arteries.

After birth the foramen ovale is closed by fusion of the primary and secondary septa (see p. 206).
After closure all the blood in the right atrium passes into the right ventricle and so to the lungs.

Ductus arteriosus

It has already been noted that oxygenated blood in the umbilical vein passes via the ductus venosus,
inferior vena cava and right atrium through the foramen ovale to the left side of the heart and so to the
head. Venous blood from the head is returned by way of the brachiocephalic veins to the superior
vena cava. In the right atrium this venous bloodstream crosses the stream of oxygenated blood brought
there via the inferior vena cava. The two streams of blood scarcely mix with each other. The
deoxygenated blood from the superior vena cava passes through the right atrium into the right
ventricle and so into the pulmonary trunk. It now short-circuits the airless lungs by the ductus
arteriosus. This is a thick-walled artery joining the left branch of the pulmonary trunk to the aorta,
distal to the origin of the three branches of the aortic arch. The deoxygenated blood thus passes
distally along the aorta and the common and internal iliac arteries, and via the umbilical arteries, to
the placenta to be reoxygenated.

After birth the ductus arteriosus is occluded by contraction of its muscular walls. It persists as a
fibrous band, the /igamentum arteriosum, which connects the commencement of the left pulmonary
artery to the concavity of the arch of the aorta. The umbilical arteries close off and become fibrous
cords: the medial umbilical ligaments.



Part four. Anatomy of the child

The proportions of the newborn child differ markedly from the form of the adult. Some of its organs
and structures are well developed and even of full adult size (e.g. the internal ear), while others have
yet to develop (e.g corticospinal tracts to become myelinated, teeth to erupt, secondary sex
characters to appear).

General features of the newborn

In comparison with the adult the neonate is much more fully developed at its head end than at its
caudal end. The large head and massive shoulders stand out in marked contrast to the smallish
abdomen and poorly developed buttocks.

Due to the shortness of the newborn baby's neck, its lower jaw and chin touch its shoulders and
thorax. Gradually the neck elongates and the chin loses contact with the chest. The head thus becomes
more mobile, both in flexion—extension and in rotation.

The abdomen is not prominent at birth but becomes gradually more and more so. The ‘pot-belly’ of
the young child is due mainly to the large liver and the small pelvis; the pelvic organs lie partly in the
abdominal cavity. In later childhood the pelvic organs and much of the intestinal tract sink into the
developing pelvic cavity and the rate of growth of the abdominal walls outpaces that of the liver. In
this way, the disposition of the viscera and the contour of the abdominal wall become as in the adult,
and the bulging belly flattens.

Some special features of the newborn

Skull

The most striking feature of the neonatal skull is the disproportion between the cranial vault and facial
skeleton; the vault is very large in proportion to the face. In Figure 1.28 the photograph of a full-term
fetal skull has been enlarged to the same vertical projection as a normal adult skull and this procedure
shows 1n striking manner the disproportion between the two. In the fetal skull the vertical diameter of
the orbit equals the vertical height of maxilla and mandible combined. In the adult skull the growth of
the maxillary sinuses and the growth of alveolar bone around the permanent teeth has so elongated the
face that the vertical diameter of the orbit is only one-third of the vertical height of maxilla and
mandible combined.




Figure 1.28 Normal adult and fetal skulls. The fetal skull (B) is projected to the same vertical
height as that of the adult. Note the disproportion of the vertical extent of the face. The distance
from the lower margin of the orbit to the lower border of the mandible in the adult is three times
the diameter of the orbit; in the fetal skull it is equal to the diameter of the orbit.

Most of the separate skull and face bones are ossified by the time of birth but they are mobile on each
other and are fairly readily disarticulated in the macerated skull. The bones of the vault do not
interdigitate in sutures, as in the adult, but are separated by linear attachments of fibrous tissue and, at
their corners, by larger areas, the fontanelles.

The anterior fontanelle lies between four bones. The two parietal bones bound it behind, the two
halves of the frontal bone lie in front. It overlies the superior sagittal dural venous sinus. The anterior
fontanelle is usually not palpable after the age of 18 months.

The posterior fontanelle lies between the apex of the squamous part of the occipital bone and the
posterior edges of the two parietal bones. It is closed by the age of 3 months.

At birth the frontal bone consists of two halves separated by a median metopic suture; this is
obliterated by about 8 years. The metopic suture may persist in up to about 8% of individuals,
depending on ethnic origin, and must not be mistaken for a fracture line in a radiograph of the skull.

The petromastoid part of the neonatal temporal bone encloses the internal ear, middle ear and
mastoid antrum, all parts of which are full adult size at birth. But the mastoid process is absent and
the stylomastoid foramen is near the lateral surface of the skull, covered by the thin fibres of
sternocleidomastoid—the issuing facial nerve 1s thus unprotected and vulnerable at birth. The mastoid
process develops with the growth of the sternocleidomastoid muscle and the entry of air cells into it
from the mastoid antrum. The process becomes palpable in the second year.

The tympanic part 1s present at birth as the C-shaped tympanic ring, applied to the undersurface of
the petrous and squamous parts and enclosing the tympanic membrane, which is slotted into it. The
external acoustic meatus of the newborn is wholly cartilaginous. The tympanic membrane is almost as
big as in the adult, but faces more downwards and less outwards than the adult ear drum; lying more
obliquely it seems somewhat smaller when viewed through the otoscope. The tympanic ring elongates



by growth from the lateral rim of its whole circumference, the tympanic plate so produced forming the
bony part of the external acoustic meatus and pushing the cartilaginous part of the meatus laterally,
further from the ear-drum. As the tympanic plate grows laterally from the tympanic ring the tympanic
membrane tilts and comes to face rather more laterally and less downwards than in the neonate.

The mandibular fossa (which forms part of the temporomandibular joint) is shallow at birth and
facing slightly laterally; with development the fossa deepens and faces directly downwards.

The maxilla, between the floor of the orbit and the gum margin, is very limited in height and 1s full of
developing teeth. The maxillary sinus is a narrow slit excavated into its medial wall. Eruption of the
deciduous teeth allows room for excavation of the sinus beneath the orbital surface, but the maxilla
grows slowly until the permanent teeth begin to erupt at 6 years. At this time it ‘puts on a spurt’ of
growth. The rapid increase in size of the sinus and the growth of the alveolar bone occur
simultaneously with increased depth of the mandible. These factors combine to produce a rapid
elongation of the face.

The hard palate grows backwards to accommodate the extra teeth; and forward growth of the base of
the skull continues at the spheno-occipital synchondrosis (see p. 512) until 18 to 25 years of age.

The mandible is in two halves at birth and their cartilaginous anterior ends are separated by fibrous
tissue at the symphysis menti. Ossification unites the two halves in the first year. At first the mental
foramen lies near its lower border. After eruption of the permanent teeth the foramen lies higher, and
is halfway between the upper and lower borders of the bone in adults. In the edentulous jaw of the
elderly, absorption of the alveolar margin leaves the mental foramen nearer the upper border of the
mandible (Fig. 1.29). Forward growth of the mandible changes the direction of the mental foramen. At
birth the mental neurovascular bundle emerges through the foramen in a forward direction. In the adult
the mental foramen is directed backwards. At birth the angle is obtuse and the coronoid process lies
at a higher level than the condyle. With increase in the length and height of the mandible, to
accommodate the erupting teeth, the angle diminishes. In the adult the angle approaches a right angle,
and the condyle is at the same level or higher than the coronoid process. In the edentulous mouth of
the elderly the angle of the mandible increases again and the neck inclines backwards, lowering the
level of the condyle.




Figure 1.29 Age changes in the mandible: A birth; B adult; C old age.

Neck

The newborn baby has a very short neck. The subsequent elongation of the neck is accompanied by
positional changes in the covering skin; an incision over the lower neck in an infant usually results in
the scar lying over the upper sternum by later childhood.

The left brachiocephalic vein crosses the trachea so high in the superior mediastinum that it
encroaches above the jugular notch into the neck, especially if it is engorged and the head extended;
this should be remembered by the surgeon performing tracheotomy on the young child.

The shortness of the neck of the newborn involves a higher position of its viscera. The larynx is
nearer the base of the tongue and the upper border of the epiglottis is at the level of the second
cervical vertebra. From these elevated positions their descent is slow and they reach their adult
levels only after the seventh year. The larynx and trachea are of small bore at birth. The vocal cords
are about 5 mm long by the end of the first year. Laryngitis and tracheitis in infancy thus carry far
more risk of respiratory obstruction than they do in later years. Up to the age of puberty there is no
difference between the male and female larynx. At puberty the male larynx increases rapidly in size
and the median angle of the thyroid cartilage moves forwards (laryngeal prominence). Consequently
the vocal cords elongate from 8 to 16 mm within a year, resulting in the characteristic ‘breaking’ of
the voice. Castration or failure of testicular hormone prevents this change taking place.

Thorax

The thoracic cage of the child differs from that of the adult in being more barrel-shaped. A cross-
section of the infant thorax is nearly circular; that of the adult is oval, the transverse being thrice the
length of the anteroposterior diameter. The large thymus extends from the lower part of the neck
through the superior into the anterior mediastinum; it regresses at puberty. The ribs lie more nearly



horizontal, so the cage is set at a higher level than in the adult. The high thorax involves a higher level
of the diaphragm, with consequent increase of abdominal volume.

Abdomen

At birth the liver is relatively twice as big as in the adult and its inferior border is palpable below the
coastal margin. The kidneys are always highly lobulated at birth with very little perinephric fat;
grooves on the surface of the adult organ frequently persist as visible signs of the original fetal
lobulation. The suprarenal is enormous at birth, nearly as large as the kidney itself. The caecum is
conical and the appendix arises from its apex in the fetus; this arrangement is usually still present at
birth. During infancy and early childhood the lateral wall of the caecum balloons out and the base of
the appendix comes to lie posteriorly on the medial wall. The appendiceal mucous membrane is
packed with massed lymphoid follicles in the child. These become much more sparse in later life.
The pelvic cavity is very small at birth and the fundus of the bladder lies above the pubic symphysis
even when empty.

Upper limb

The upper limb is more fully developed than the lower limb at birth. The grasping reflex of the hand
is very pronounced. Growth in length occurs more at the shoulder and wrist than at the elbow.
Amputation through the humerus in a young child requires a very generous flap of soft tissue lest the
growing bone should later protrude through the stump.

Lower limb

At birth the lower limb is not only poorly developed, but occupies the fetal position of flexion, a
position which is maintained for 6 months or more. In preparation for standing and walking the limb
not only becomes more robust, but undergoes extension and medial rotation that carry the flexor
compartment around to the posterior aspect of the limb. The inverted foot of the newborn gradually
becomes everted harmoniously with the changes in position of the knee and hip joints. Growth of the
limb proceeds more rapidly at the knee than at the hip or ankle. It is not symmetrical across the lower
epiphysis of the femur, and ‘knock knee’ (genu valgum) is normal in the child.

Vertebral column

Until birth the column is C-shaped, concave ventrally. This is imposed by constriction in utero. After
birth the column is so flexible that it readily takes on any curvature imposed by gravity. The cervical
curve opens up into a ventral convexity when the infant holds up its head, and the lumbar curve opens
up into a ventral convexity when the infant walks. The extension of the hip that accompanies walking
tilts the inlet of the pelvis forwards, so that the axis of the pelvic cavity is no longer in line with that
of the abdominal cavity. This forward tilt of the pelvis necessitates forward curvature (lordosis) of
the lumbar spine in order to keep the body vertical in the standing position.

The spinal cord extends to the third lumbar vertebra at birth and does not ‘rise’ to the L1/L2 junction
until adult years.



2. Upper limb



General plan

The upper limb of humans is built for prehension and manipulation and the range of movements
available at the joints of the upper limb enhances the dexterity of the fingers. Four fingers flexing
against an opposed thumb enable the hand to function as a grasping mechanism, in which the thumb is
equal in functional value to all four fingers. The hand is furthermore the main tactile organ, with a rich
nerve supply.

In order to enable the hand to function in any position, the forearm is provided with a range of about
140° of pronation and supination, the elbow has a range of flexion and extension of like amount, and
very free mobility 1s provided at the shoulder joint. This mobility is further increased by the mobility
of the pectoral girdle through which the upper limb articulates with the axial skeleton.

Although the upper limb is commonly called the arm, this term strictly refers to the upper part of the
limb between the shoulder and elbow, while the part between the elbow and wrist is the forearm.
Both arm and forearm have anterior or flexor and posterior or extensor compartments. The hand has
an anterior (flexor) surface, or palm, and a posterior (extensor) surface, or dorsum.



Part one. Pectoral girdle

The bones of the pectoral or shoulder girdle, the clavicle and scapula, connect the upper limbs to the
axial skeleton. Only one small joint connects the girdle to the rest of the skeleton—the
sternoclavicular joint—and the two girdle bones are joined to one another by an even smaller joint,
the acromioclavicular. The remaining attachment to the axial skeleton 1s mainly muscular, and this
helps to account for the mobility of the shoulder girdle. The strong coracoclavicular ligament attaches
the clavicle and scapula to each other, and the clavicle is anchored to the first costal cartilage by the
costoclavicular ligament. Forces from the upper limb are transmitted by the clavicle to the axial
skeleton through these ligaments, and neither end of the clavicle normally transmits much force.

Almost all movement between humerus and glenoid cavity at the shoulder joint is accompanied by an
appropriate movement of the scapula itself. Furthermore, the scapula cannot move without making its
supporting strut, the clavicle, move also. Generally speaking the shoulder joint, the acromioclavicular
and sternoclavicular joints all move together in harmony, providing a kind of ‘thoracohumeral
articulation’. Defects in any part of the ‘thoracohumeral articulation’ must impair the function of the
whole.

The bones of the pectoral girdle are described on pages 97—101, the shoulder joint on page 46 and the
clavicular joints on page 43.

Muscles of the pectoral girdle

The muscular attachments between pectoral girdle and trunk are direct and indirect.

Direct attachment of the pectoral girdle to the trunk is provided by muscles that are inserted into the
clavicle or scapula from the axial skeleton. These muscles are pectoralis minor, subclavius,
trapezius, the rhomboids, levator scapulae and serratus anterior. Indirect attachment to the axial
skeleton is secured by the great muscles of the axillary folds (pectoralis major and latissimus dorsi);
these muscles, by way of the upper end of the humerus, move the pectoral girdle on the trunk.

The muscular attachments between upper limb and pectoral girdle include the deltoid and short
scapular muscles, which are inserted about the upper end of the humerus, and the biceps and long
head of triceps which, running over the humerus, are inserted beyond the elbow joint into the bones of
the forearm. These muscles are important factors in giving stability to the very mobile shoulder joint
across which they lie, and are described with the shoulder region (see p. 44).

Pectoralis major

From clavicular and sternocostal heads this large triangular muscle converges on the upper humerus,
folding on itself where it forms the anterior axillary wall to become attached to the humerus by means
of a bilaminar tendon.

The clavicular head arises from the medial half of the anterior surface of the clavicle. Running
almost horizontally laterally the fibres of this head lie on the manubrial part of the muscle, from which
they are separate. They are inserted by the anterior lamina of the tendon into the lateral lip of the
intertubercular (bicipital) sulcus of the humerus.

The sternocostal head arises from the lateral half of the anterior surface of the manubrium and body



of sternum, the upper six costal cartilages and the aponeurosis of the external oblique muscle over the
upper attachment of rectus abdominis. The manubrial fibres are inserted by the anterior lamina of the
tendon into the lateral lip of the intertubercular sulcus behind (deep to) the clavicular fibres. The
lower sternocostal and abdominal fibres course upwards and laterally to be inserted progressively
higher into the posterior lamina of the tendon, producing the rounded appearance of the anterior
axillary fold. The fibres which arise lowest of all are thus inserted highest, and by a crescentic fold
blend with the capsule of the shoulder joint (Fig. 2.1). The lower medial part of the muscle is thinner
and in danger of being perforated when a subpectoral pocket is created for insertion of a prosthesis
during breast reconstruction. Perforating branches of the internal thoracic artery pierce the deep
surface of the muscle at the sternal edge and are at risk of being torn during subpectoral dissection.
These branches and others from the superior and lateral thoracic arteries supplement the dominant
vascular pedicle for pectoralis major from the pectoral branch of the thoracoacromial artery. A
musculocutaneous flap based on this dominant pedicle is used in reconstructive procedures after
surgical resections for head and neck cancer.
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Figure 2.1 Insertion of the right pectoralis major. Part of the clavicular head has been removed and
deltoid incised and retracted to show how the lowest fibres of the sternocostal origin twist
upwards deep to the manubrial fibres.

Nerve supply. From the brachial plexus via the lateral and medial pectoral nerves, so named because
of their origins from the lateral and medial cords of the plexus. The lateral pectoral nerve pierces the
clavipectoral fascia medial to the pectoralis minor. Branches of the medial pectoral nerve pierce the
pectoralis minor, but may pass round its lateral border, to reach the pectoralis major. The muscle is
the only one in the upper limb to be supplied by all five segments of the brachial plexus; C5, 6 supply
the clavicular head and C6—-8, T1 the sternocostal part. The degree of paralysis of pectoralis major
may be helpful in gauging the extent of a brachial plexus injury (see p. 95).

Action. The muscle is a powerful adductor and a medial rotator of the arm. The sternocostal fibres
are the chief adductors. The clavicular head assists in flexion at the shoulder joint. With the upper
limb fixed in abduction the muscle is a useful accessory muscle of inspiration, drawing the ribs
upwards towards the humerus.

Test. For the clavicular head the arm is abducted to 90° or more and the patient pushes the arm



forwards against resistance. For the sternocostal head the arm is abducted to 60° and then adducted
against resistance. The contracting heads can be seen and felt.

Pectoralis minor

This small triangular muscle arises from the third, fourth and fifth ribs under cover of pectoralis
major (Fig. 2.14). The insertion is by a short thick tendon into the medial border and upper surface of
the coracoid process of the scapula (not to the tip of the process, which is fully occupied by biceps
and coracobrachialis).

Of no great functional significance, the muscle forms a tight band across the front of the axillary
neurovascular and lymphatic contents; division of its tendon facilitates surgical clearance of the
axillary lymph nodes (see p. 56).

Nerve supply. By both pectoral nerves (C6-8).

Action. It assists serratus anterior in protraction of the scapula, keeping the anterior (glenoid) angle in
apposition with the chest wall as the vertebral border is drawn forwards by serratus anterior. The
muscle is elongated when the scapula rotates in full abduction of the arm; its subsequent contraction
assists gravity in restoring the scapula to the rest position.

Subclavius

This small muscle arises from the costochondral junction of the first rib and is inserted into the
subclavian groove on the inferior surface of the clavicle.

Nerve supply. By its own nerve from the upper trunk of the brachial plexus (C5, 6).

Action. It assists in stabilizing the clavicle in movements of the pectoral girdle. It may prevent the
jagged ends of a fractured clavicle from damaging the adjacent subclavian vein.

The pectoral fascia is a thin lamina of deep fascia that covers the anterior surface of pectoralis
major. It is attached medially to the sternum, above to the clavicle and is continuous laterally with the
axillary fascia. It forms the floor of the retromammary space and gives origin to the platysma muscle
from its upper part.

The clavipectoral fascia is a strong fascial sheet deep to pectoralis major. Its upper part, also known
as the costocoracoid membrane, is attached laterally to the coracoid process and medially blends
with the external intercostal membrane of the upper two spaces. It splits above to enclose subclavius
and 1s attached to the edges of the subclavian groove on the undersurface of the clavicle.

At the lower border of subclavius the two layers fuse and form a well-developed band, the
costocoracoid ligament, stretching from the knuckle of the coracoid to the first costochondral
junction. From this ligament the fascia stretches as a loosely felted membrane to the upper border of
pectoralis minor, where it splits to enclose this muscle. Below pectoralis minor the fascia, also
known as the suspensory ligament of the axilla, extends downwards and is attached to the axillary
fascia on the floor of the axilla; its tension maintains the concavity of the axilla (Fig. 2.2).




Figure 2.2 Vertical section of the left axilla, looking laterally towards the arm. The clavipectoral
fascia encloses subclavius and pectoralis minor, below which it becomes the suspensory ligament
of the axilla, joining the axillary fascia which arches upwards between pectoralis major and
latissimus dorsi. The neurovascular bundle of the upper limb lies between the anterior and
posterior axillary walls.

The clavipectoral fascia is pierced by four structures: two passing inwards, two passing outwards.
Passing inwards are lymphatics from the infraclavicular nodes to the apical nodes of the axilla, and
the cephalic vein; passing outwards are the lateral pectoral nerve and the thoracoacromial artery, or
its branches (pectoral, acromial, deltoid and clavicular); their corresponding veins join the cephalic
vein anterior to the fascia.

Trapezius

This large flat muscle, the most superficial of the upper part of the back, arises in the midline from
skull to lower thorax and converges on the outer part of the pectoral girdle. Its origin extends from the
medial third of the superior nuchal line to the spine of C7 vertebra, finding attachment to the
ligamentum nuchae between the external occipital protuberance and the vertebral spine. Below this
the origin extends along the spinous processes and supraspinous ligaments of all 12 thoracic
vertebrae. Opposite the upper thoracic spines the muscle shows a triangular aponeurotic area, which
makes a diamond with that of the opposite side (Fig. 2.5).

The upper fibres are inserted into the posterior border of the lateral third of the clavicle at its
posterior border. The middle fibres are inserted along the medial border of the acromion and the
superior lip of the crest of the scapular spine. The part of the muscle which arises from the lower six
thoracic spines is inserted by a narrow recurved tendon into the medial end of the spine (Fig. 2.5).

Nerve supply. From the spinal part of the accessory nerve (C1-5) and branches from the cervical
plexus (C3 and 4); the latter are usually only proprioceptive, although in some cases they contain
motor fibres as well (see p. 334). These nerves cross the posterior triangle to enter the deep surface
of trapezius. The accessory nerve can be distinguished from the cervical branches by the fact that it
emerges from within the substance of sternocleidomastoid; the cervical nerves emerge from behind
sternocleidomastoid.

Action. All fibres help to retract the scapula, while the upper and lower fibres are important in
scapular rotation, tilting the glenoid cavity upwards, an essential component of abduction of the
shoulder. In this action upper fibres elevate the acromion while lower fibres depress the medial end



of the spine, like turning a wing nut (Fig. 2.3), and they are strongly assisted by the lowest four
digitations of serratus anterior (see p. 42). The upper fibres can elevate the whole scapula (shrug the
shoulder) or prevent its depression (as when carrying something heavy). They can also produce
lateral flexion of the neck, but acting with the upper fibres of the opposite side they can extend the
neck.

Figure 2.3 Rotation of the scapula. The upper and lower parts of trapezius pull on the scapular
spine in different directions, twisting it like a wing-nut, while serratus anterior pulls on the inferior
angle.

Test. The shoulder is shrugged against resistance and the upper border of the muscle is seen and felt.

Latissimus dorsi

This muscle, covering such a large area of the back, 1s characterized by its very wide origin and its
very narrow insertion. The muscle arises from the spines of the lower six thoracic vertebrae and the
posterior layer of the lumbar fascia, by which it is attached to the lumbar and sacral vertebral spines
and to the posterior part of the crest of the ilium (Fig. 2.4). Lateral to this it also arises by muscular
fibres from the outer lip of the iliac crest. The upper part of the flat sheet of muscle runs horizontally,
covered medially by the lower triangular part of trapezius, and passes over the inferior angle of the
scapula, from which a few fibres may arise (Fig. 2.5). The middle part of the muscle runs obliquely
upwards and outwards. The lower part of the muscle runs vertically upwards, being reinforced by
four slips from the lowest four ribs, whose fibres of origin interdigitate with those of the external
oblique. The lateral border of latissimus dorsi forms a boundary of the lumbar triangle (see p. 222).
The muscle converges towards the posterior axillary fold, of which it forms the lower border. The
muscle sweeps spirally around the lower border of teres major with some intermingling of their
fibres. The muscle is then replaced by a flattened, shiny, white tendon about 3 cm broad which is
inserted into the floor of the intertubercular sulcus (Fig. 2.9). As a result of the spiral turn around
teres major the surfaces of the muscle, anterior and posterior, are reversed at the tendon; and the
fibres that originate lowest at the midline insert highest at the humerus, while those that originate
highest insert lowest. This glistening white tendon contrasts with adjacent muscle and is a useful
landmark at the lateral margin of the posterior wall of the axilla during surgical dissection in the
axilla (Fig. 2.18). Occasionally some muscle fibres from the edge of latissimus dorsi cross in front of
the axillary vessels and nerves to blend with the tendon of pectoralis major forming a muscular
axillary arch.
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Figure 2.5 Muscles of the pectoral girdle from behind. On the left most of trapezius, deltoid and
the rhomboids have been removed to show the dorsal scapular nerve accompanied by the dorsal
scapular artery, and the axillary nerve with the (unlabelled) posterior circumflex humeral artery.

Nerve supply. By the thoracodorsal nerve (C6—8) from the posterior cord of the brachial plexus. It is
vulnerable in operations on the axilla, for in its course down the posterior wall it slopes forwards to



enter the medial surface of the muscle just behind its anterior border in front of the thoracodorsal
vessels (Fig. 2.16).

Action. It extends the shoulder joint and medially rotates the humerus (e.g. folding the arms behind the
back, or scratching the opposite scapula), but in combination with pectoralis major it is a powerful
adductor. When adducting the upper limb from a position of abduction above the shoulder, it plays an
integral role in climbing.

Its costal fibres of origin can assist in deep inspiration, elevating the lower four ribs towards the
fixed humerus. But the remainder of the muscle, sweeping from the vertebral column around the
convexity of the posterolateral chest wall, compresses the lower thorax in violent expiratory efforts
such as coughing or sneezing.

In spinal injury the muscle may move the pelvis and trunk; it is the only muscle of the upper limb to
have a pelvic attachment (via the lumbar fascia). The muscle is used inreconstructive breast
surgery. A part of the muscle, sometimes with an overlying paddle of skin as a musculocutaneous
flap, is rotated around to the front and used to create a mound simulating the breast. The thoracodorsal
artery is an important source of blood supply to the flap.

Test. The arm is abducted to a right angle and then adducted, extended and medially rotated against
resistance; the lateral part of the muscle below the posterior axillary fold can be seen and felt
contracting. The muscle can also be felt to contract here when the patient coughs.

Rhomboid major and minor

Rhomboid major arises from four vertebral spines (T2-5), and the intervening supraspinous
ligaments. It is inserted into the medial border of the scapula between the root of the spine and the
inferior angle (Fig. 2.5).

Rhomboid minor is a narrow ribbon of muscle parallel with the above, arising from two vertebral
spines (C7, T1) and inserted into the medial border of the scapula at the root of the spine.

Nerve supplies. By the dorsal scapular nerve (nerve to the rhomboids) from the C5 root of the
brachial plexus which passes through scalenus medius, runs down deep (anterior) to levator scapulae
(which it supplies) and lies on the serratus posterior superior muscle to the medial side of the
descending branch of the transverse cervical artery (Fig. 2.5). It supplies each rhomboid on the deep
surface.

Actions. The rhomboids draw the vertebral border of the scapula medially and upwards. With
trapezius they contract in squaring the shoulders, i.e. retracting the scapula.

Test. With the hand on the hip or behind the back the patient pushes the elbow backwards against
resistance and braces the shoulder back. The muscles are palpated at the vertebral border of the
scapula. If the rhomboids of one side are paralysed, the scapula of the affected side remains further
from the midline than that of the normal side.

Levator scapulae

This strap-like muscle, which appears in the floor of the posterior triangle, arises from the transverse



processus of the atlas and axis and from the posterior tubercles of the third and fourth cervical
vertebrae. It is inserted into the medial border of the scapula from the superior angle to the spine.

Nerve supply. From the cervical plexus (C3, 4, anterior rami), reinforced by the dorsal scapular
nerve (C5).

Action. With the upper part of trapezius, it can elevate the scapula and laterally flex the neck.

Serratus anterior

This is a broad sheet of thick muscle (Fig. 2.16) which clothes the side wall of the thorax and forms
the medial wall of the axilla. It arises by a series of digitations from the upper eight ribs. The first
digitation arises from the first and second ribs (Fig. 2.6). All the other digitations arise from their
corresponding ribs and the lower four interdigitate with external oblique. The muscle is inserted on
the costal (inner) surface of the scapula: the first and second digitations at the superior angle, the third
and fourth as a thin sheet to the length of the vertebral border, and the lowest four at the inferior angle.
The muscle is covered by a strong well-developed fascia.

Figure 2.6 Left long thoracic nerve (to serratus anterior). The branches from C5 and 6 fuse within
scalenus medius and emerge as a single trunk which is joined in the axilla over the first digitation
of serratus anterior by the branch from C7. The second rib gives origin to half of the first digitation
and all the second digitation of the muscle.

Nerve supply. By the long thoracic nerve from the C5, 6 and 7 roots of the brachial plexus. The nerve
lies behind the midaxillary line (i.e. behind the lateral branches of the intercostal arteries) on the
surface of the muscle (Fig. 2.16), deep to the fascia, and is thus usually protected in operations on the
axilla.

Action. The whole muscle contracting en masse protracts the scapula (punching and pushing), thus
effectively elongating the upper limb. A further highly important action is that of the lower four
digitations, which powerfully assist trapezius in rotating the scapula laterally and upwards in raising
the arm above the level of the shoulder. In this action it is a more powerful rotator than trapezius. In
all positions of the upper limb the muscle keeps the vertebral border of the scapula in firm apposition
with the chest wall.

Test. With the arm flexed and the elbow extended the outstretched hand is pushed against a wall.
Paralysis results in ‘winged scapula’, where the vertebral border becomes prominently raised off the



posterior chest wall.

Joints of the pectoral girdle

Sternoclavicular joint

This 1s a synovial joint between the bulbous medial end of the clavicle, the superolateral part of the
manubrium of the sternum and the adjoining first costal cartilage (Fig. 2.7). The joint is separated into
two cavities by an intervening disc of fibrocartilage, which is attached at its periphery to the capsule
of the joint. Although synovial, it is atypical as the bony surfaces are covered by fibrocartilage, not
the usual hyaline variety. The sternal end of the clavicle projects above the upper margin of the
manubrium so that only about the lower half of the clavicular articular surface lies opposite the
sternal articular facet.

Figure 2.7 Left sternoclavicular joint, sectioned and viewed from the front. The clavicle extends
well above the bony socket of the manubrium, and is bound down by the disc and costoclavicular
ligament.

The capsule invests the articular surfaces like a sleeve. The articular disc is attached to the capsule.
The disc is also firmly attached to the medial end of the clavicle above and behind, and to the first
costal cartilage below. The capsule is thickened in front and behind as the anterior and posterior
sternoclavicular ligaments.

The interclavicular ligament joins the upper borders of the sternal ends of the two clavicles and is
attached to the suprasternal (jugular) notch of the manubrium. The costoclavicular ligament binds the
clavicle to the first costal cartilage and the adjacent end of the first rib, just lateral to the joint. It is in
two laminae. The fibres of the anterior lamina run upwards and laterally, and those of the posterior
lamina upwards and medially (these are the same directions as those of the external and internal
intercostal muscles). The ligament is very strong and is the major stabilizing factor of the
sternoclavicular joint.

Nerve supply. By the medial supraclavicular nerves (C3, 4) from the cervical plexus.

Movements. Elevation (shrugging the shoulder) and depression of the acromial end of the clavicle
result in movements downwards and upwards respectively between the sternal end of the clavicle and
the disc. Forward and backward (squaring the shoulders) movements of the acromial end likewise
cause reciprocal movements at the sternal end; these movements occur between the manubrium and
the disc. Similarly, in rotary movements (abduction of the arm above the head) the disc moves with



the clavicle. Rotation of the clavicle is passive; there are no rotator muscles. It is produced by

rotation of the scapula and transmitted to the clavicle through the coracoclavicular ligaments (see
below).

The stability of the joint is maintained by the ligaments, especially the costoclavicular ligament. It
takes all strain off the joint, transmitting stress from clavicle to first costal cartilage. The latter is
itself immovably fixed to the manubrium by a primary cartilaginous joint (see p. 181). Dislocation is
unusual; the clavicle breaks in preference.

Acromioclavicular joint

This is a synovial joint between the flat overhanging lateral end of the clavicle and the underlying
medial border of the acromion. The articulating surfaces are covered (like those of the
sternoclavicular joint) by fibrocartilage (so it is an atypical synovial joint).

A sleeve-like capsule surrounds the articular surfaces; it is not strong, but on top there is a thickening
of fibres which constitutes the acromioclavicular ligament. An incomplete disc of fibrocartilage hangs
down into the upper part of the joint cavity.

The coracoclavicular ligament, extremely strong, is the principal factor in providing stability to the
joint. It consists of two parts, conoid and trapezoid (Fig. 2.8). The conoid ligament, an inverted cone,
extends upwards from the knuckle of the coracoid process to a wider attachment around the conoid
tubercle, on the undersurface of the clavicle (Fig. 2.51). The trapezoid ligament is attached to the
ridge of the same name on the upper surface of the coracoid process and extends laterally, in an
almost horizontal plane, to the trapezoid ridge on the undersurface of the clavicle. The two ligaments
are connected to each other posteriorly, forming an angle that is open anteriorly.

Figure 2.8 Glenoid cavity of the left scapula and the coracoclavicular ligament. The black line
marks the site of the epiphyseal plate between the scapula proper and the coracoid component. The
glenoid labrum continues above into the long head of biceps. The trapezoid part of the
coracoclavicular ligament lies in front of and lateral to the conoid part.

Nerve supply. By the suprascapular nerve (C5, 6) from the brachial plexus.

Movements. These are passive; muscles which move the scapula cause it to move on the clavicle.
Scapular movements on the chest wall fall into three groups: (1) protraction and retraction around the



chest wall, (2) rotation, and (3) elevation or depression. These basic movements can be combined in
varying proportions, and each of these transmits, through ligaments, corresponding movements to the
clavicle. All movements of the scapula involve movements in the joint at either end of the clavicle.

Horizontally, in protraction and retraction of the tip of the shoulder, the scapula hugs the thoracic
wall, held to it by serratus anterior and pectoralis minor. The acromion glides to and fro with the end
of the clavicle.

In abduction of the arm the total range of scapular rotation on the chest wall is about 60°, but only 20°
of this occurs between the scapula and the clavicle. The two parts of the coracoclavicular ligament
are then taut, and transmit the rotating force to the clavicle, whose rotation then accounts for the
remainder of scapular rotation on the chest wall.

Elevation (shrugging the shoulders) is produced by the upper fibres of trapezius together with levator
scapulae. Depression of the scapula is produced by gravity, assisted when necessary by serratus
anterior and pectoralis minor. Elevation and depression move the medial end of the clavicle (see
above), but they scarcely move the acromioclavicular joint.

The stability of the joint is provided by the coracoclavicular ligament. The scapula and upper limb
hang suspended from the clavicle by the conoid ligament (assisted by the deltoid, biceps and triceps
muscles). Forces transmitted medially from the upper limb to the glenoid cavity are transmitted from
scapula to clavicle by the trapezoid ligament and from clavicle to first rib by the costoclavicular
ligament. Thus a fall on outstretched hand or elbow puts no strain on either end of the clavicle at the
joints. If the clavicle fractures as a result, it always does so between these ligaments. Falls on the
shoulder may dislocate the acromioclavicular joint, forcing the acromion under the clavicle and
tearing the coracoclavicular ligament.



Part two. Shoulder
Muscles of the shoulder

A group of six muscles converge from the scapula on to the humerus and surround the shoulder joint:
deltoid, supraspinatus, infraspinatus, teres minor, teres major and subscapularis. Three of them
(supraspinatus, infraspinatus and teres minor) extend from the posterior surface of the blade of the
scapula to be inserted into the three impressions on the greater tubercle of the humerus. Subscapularis
passes from the thoracic surface of the scapula to the lesser tubercle, and teres major from the inferior
angle of the scapula to the shaft of the humerus. The humeral attachments of these muscles lie hidden
under deltoid.

Subscapularis

This arises from the medial two-thirds of the costal surface of the scapula and from the intermuscular
septa which raise ridges on the bone. The tendon of the muscle is separated from a bare area at the
lateral angle of the scapula by a bursa which communicates with the cavity of the shoulder joint.
Lateral to this the tendon fuses with the capsule of the shoulder joint and is inserted into the lesser
tubercle of the humerus (Fig. 2.9). The muscle is covered by a dense fascia which is attached to the
scapula at the margins of its origin.

Figure 2.9 Muscles of the posterior wall of the left axilla, from the front. The long head of triceps
passes behind teres major, making adjacent to the humerus a quadrangular space (for the axillary
nerve) and a triangular space (for the radial nerve). Serratus anterior has been removed, exposing
the costal surface of the vertebral border of the scapula, to which it is attached.

Nerve supply. By the upper and lower subscapular nerves (CS5, 6) from the posterior cord of the
brachial plexus.

Action. With the other short scapular muscles the subscapularis gives stability to the shoulder joint,
assisting in fixation of the upper end of the humerus during movements of elbow, wrist, and hand.
Acting as a prime mover, it is a medial rotator of the humerus.

There is no satisfactory test for the muscle, as its action is difficult to differentiate from other medial
rotators.



Supraspinatus

The muscle arises from the medial two-thirds of the supraspinous fossa of the scapula. The tendon
blends with the capsule of the shoulder joint and passes on to be inserted into the smooth facet on the
upper part of the greater tubercle of the humerus (Fig. 2.9).

Nerve supply. By the suprascapular nerve (C5, 6).

Action. The muscle braces the head of the humerus against the glenoid cavity, to give stability during
the action of other muscles, especially the deltoid, which it assists in abduction at the shoulder joint.

Test. The arm is abducted against resistance and the muscle palpated (deep to trapezius) above the
scapular spine.

Infraspinatus

The muscle arises from the medial two-thirds of the infraspinous fossa and from the deep surface of
the infraspinous fascia, which covers the muscle and is attached to the scapula at its margins. A bursa
lies between the bare area of the scapula and the muscle; it sometimes communicates with the
shoulder joint. The tendon blends with the capsule of the shoulder joint, and is inserted into the
smooth area on the central facet of the greater tubercle of the humerus (Fig. 2.55), between
supraspinatus above and teres minor below.

Nerve supply. By the suprascapular nerve (C5, 6).

Action. Apart from acting to brace the head of the humerus against the glenoid cavity, giving stability
to the joint, the muscle is also a powerful lateral rotator of the humerus.

Test. With the elbow flexed and held into the side, the forearm is moved outwards against resistance
and the muscle is palpated (deep to trapezius) below the scapular spine.

Teres minor

The muscle arises from an elongated oval area on the dorsal surface of the axillary border of the
scapula. It passes upwards and laterally, edge to edge with the lower border of infraspinatus and
behind the long head of triceps. The tendon blends with the capsule of the shoulder joint and attaches
to the lowest facet on the greater tubercle of the humerus. The lower part of the lateral border of this
muscle lies edge to edge with teres major, but the latter muscle leaves it by passing forward in front
of the long head of triceps (Fig. 2.17).

Nerve supply. By the posterior branch of the axillary nerve (C5, 6).

Action. It assists the other small muscles around the head of the humerus in steadying the shoulder
joint. It is a lateral rotator and weak adductor of the humerus. With teres major it holds down the head
of the humerus against the upward pull of the deltoid during abduction of the shoulder.

Teres major

This muscle arises from an oval area on the dorsal surface of the inferior angle of the scapula. It is
inserted into the medial lip of the intertubercular sulcus of the humerus. The flat tendon of latissimus



dorsi winds around its lower border and comes to lie in front of the upper part of the muscle at its
insertion (Fig. 2.9).

Nerve supply. By the lower subscapular nerve (C5, 6), which enters the anterior surface of the
muscle.

Action. 1t assists the other short muscles in steadying the upper end of the humerus in movements at
the shoulder joint; acting alone it is an adductor and medial rotator of the humerus and helps to extend
the flexed arm. With teres minor it holds down the upper end of the humerus as deltoid pulls up the
bone into abduction. Its tendon can be transplanted posteriorly to provide lateral rotation when
infraspinatus and teres minor are paralysed.

Test. The abducted arm is adducted against resistance, and the muscle is seen and felt from behind the
posterior axillary fold above the upper border of latissimus dorsi.

Infraspinatus fascia

The infraspinatus and teres minor muscles lie deep to a strong membrane which is firmly attached to
bone at the margins of these muscles. It is attached above to the lower border of the scapular spine
beneath the deltoid muscle. The fascia does not cover teres major (Fig. 2.4). The fascia is a landmark
in surgical exposures of this region, and in fracture of the blade of the scapula the resulting
haematoma is confined beneath the fascia, producing a characteristic swelling limited to the margins
of the bone.

Deltoid

The muscle arises from the anterior border and upper surface of the lateral one-third of the clavicle,
from the whole of the lateral border of the acromion and from the inferior lip of the crest of the
scapular spine. On the lateral border of the acromion four ridges may be seen; from them four fibrous
septa pass down into the muscle. The deltoid tuberosity on the lateral aspect of the humerus is V-
shaped, with a central vertical ridge. From the ridge and limbs of the V three fibrous septa pass
upwards between the four septa from the acromion. The spaces between the septa are filled with
fleshy muscle fibres which are attached to contiguous septa. The multipennate central part of the
deltoid so formed has a diminished range of contraction, but a correspondingly increased force of
pull. The anterior and posterior fibres, arising from the clavicle and the scapular spine, are not
multipennate. They converge on the anterior and posterior margins of the deltoid tuberosity, and their
range of movement is greater but the force of their pull is less.

Nerve supply. By the axillary nerve (C5, 6).

Action. Working with supraspinatus, deltoid abducts the arm by the multipennate acromial fibres. The
anterior fibres assist pectoralis major in flexing and medially rotating the arm; the posterior fibres
assist latissimus dorsi in extending the arm and act as a lateral rotator.

Test. The arm is abducted against resistance and the muscle is seen and felt.

Intramuscular injection. The site for intramuscular injection into deltoid is on the lateral aspect of
the bulge of the shoulder, no more than 4 cm below the lower border of the acromion, as the anterior
branch of the axillary nerve curls forwards round the back of the humerus 5 cm below the acromion.



Scapular anastomosis

The dorsal scapular artery is a branch of the transverse cervical artery, or arises directly from the
third part of the subclavian artery (see p. 349). It accompanies the dorsal scapular nerve and runs
down the vertebral border of the scapula to its inferior angle (Fig. 2.10). The transverse cervical
artery and the suprascapular artery are usually branches of the thyrocervical trunk, which arises
from the first part of the subclavian artery. The suprascapular artery crosses over the suprascapular
ligament (Fig. 2.8), passes through the supraspinous fossa, turns around the lateral border of the spine
of the scapula and supplies the infraspinous fossa as far as the inferior angle. The subscapular artery,
branching from the third part of the axillary, supplies the subscapularis muscle in the subscapular
fossa as far as the inferior angle. Its circumflex scapular branch enters the infraspinous fossa on the
dorsal surface of the bone, grooving the axillary border as it does so. All these vessels anastomose,
thus connecting the first part of the subclavian with the third part of the axillary artery and providing a
collateral circulation when the subclavian artery is obstructed, such as by a cervical rib or fibrous
band (see p. 422). The companion veins form corresponding anastomoses.

Figure 2.10 Scapular anastomosis. The dorsal scapular and suprascapular arteries arise from the
third and first parts of the subclavian, and the subscapular from the third part of the axillary artery.
They and the circumflex scapular anastomose on both surfaces of the scapula.

Shoulder joint

The shoulder (glenohumeral) joint is a multiaxial ball-and-socket synovial joint. There is an
approximately 4 to 1 disproportion between the large round head of the humerus and the small
shallow glenoid cavity of the scapula (Fig. 2.10). The glenoid labrum, a ring of fibrocartilage
attached to the margins of the glenoid cavity, deepens slightly but effectively the depression of the
glenoid ‘fossa’ (Fig. 2.8).

The capsule of the joint is attached to the scapula beyond the supraglenoid tubercle and the margins of
the labrum. It 1s attached to the humerus around the articular margins of the head (i.e. the anatomical
neck) except inferiorly, where its attachment is to the surgical neck of the humerus a finger's breadth
below the articular margin (Fig. 2.12A). At the upper end of the intertubercular sulcus the capsule
bridges the gap between the greater and lesser tubercles, being here named the transverse humeral



ligament. A gap in the anterior part of the capsule allows communication between the synovial
membrane and the subscapularis bursa (Fig. 2.12). A similar gap is sometimes present posteriorly,
allowing communication with the infraspinatus bursa. The fibres of the capsule all run horizontally
between scapula and humerus. The capsule is thick and strong but it is very lax, a necessity in a joint
so mobile as this. Near the humerus the capsule is greatly thickened by fusion of the tendons of the
short scapular muscles. The long tendon of biceps is intracapsular and blends with the glenoid labrum
at its attachment to the supraglenoid tubercle of the scapula.

The synovial membrane is attached around the glenoid labrum and lines the capsule. It is attached to
the articular margin of the head of the humerus and covers the bare area of the surgical neck that lies
within the capsule at the upper end of the shaft. It ‘herniates’ through the hole in the front of the
capsule to communicate with the subscapularis bursa (Fig. 2.11) and sometimes it communicates with
the infraspinatus bursa. It invests the long head of biceps in a tubular sleeve that is reflected back
along the tendon to the transverse ligament and adjoining floor of the intertubercular sulcus. The
synovial sleeve glides to and fro with the long tendon of biceps during abduction—adduction of the
shoulder, as shown in Figure 2.12A and B.

Figure 2.11 The subscapularis bursa and the synovial cavity of the right shoulder joint have been
distended with dark green resin in this preparation in the Anatomy Museum of the Royal College of
Surgeons of England. The subacromial bursa, which does not communicate with the shoulder joint
has been distended with light green resin.




Figure 2.12 Left subacromial bursa. In A with the arm by the side, the bursa is only half under
cover of the acromion, but in B with the arm abducted the bursa is withdrawn beneath the
acromion. Contrariwise, there is a greater length of the synovial sheath of the long tendon of biceps
outside the joint in the abducted position.

The glenohumeral ligaments are three thickened bands between the glenoid labrum and humerus
which reinforce the anterior part of the capsule. They are visible only from within the joint cavity,
which communicates with the subscapularis bursa through an aperture between the superior and
middle glenohumeral ligaments.

The coracohumeral ligament is quite strong. It runs from the base of the coracoid process to the front
of the greater tubercle, blending with the capsule as it does so.

From the medial border of the acromion, in front of the acromioclavicular articulation, a strong flat
triangular band, the coracoacromial ligament, fans out to the lateral border of the coracoid process
(Fig. 2.12). It lies above the head of the humerus and provides support to the head of the humerus. It is
separated from the ‘rotator cuff’ by the subacromial bursa (Fig. 2.12).

The subacromial (subdeltoid) bursa is a large bursa which lies under the coracoacromial ligament,
to which its upper layer is attached. Its lower layer is attached to the tendon of supraspinatus. It
extends beyond the lateral border of the acromion under the deltoid with the arm at the side, but is
rolled inwards under the acromion when the arm is abducted (Fig. 2.12). Tenderness over the greater
tuberosity of the humerus beneath the deltoid muscle which disappears when the arm 1s abducted is a
feature of subacromial bursitis. Tearing the supraspinatus tendon brings the bursa into communication
with the shoulder joint cavity, but in the normal shoulder the bursa does not communicate with the
joint.

Nerve supply. By branches from the axillary, musculo-cutaneous and suprascapular nerves.

Stability
The head of the humerus is much larger than the glenoid cavity (Fig. 2.13), and the joint capsule,



though strong, is very lax. These factors suggest that the shoulder joint is an unstable articulation. The
factors, however, that contribute to stability are strengthening of the capsule by fusion with it of the
tendons of scapular muscles, the glenohumeral and coracohumeral ligaments, the suprahumeral
support provided by the coracoacromial arch, the deepening of the glenoid cavity by the labrum and
the splinting effect of the tendons of the long heads of biceps and triceps above and below the humeral
head.

Figure 2.13 Bony factors in abduction at the shoulder joint. (Anterior view on the left—the
coracoid process has been removed.) A With the arm by the side; B abduction to 90°. Compare
with A and note that all the available upper articular surface of the head of the humerus has been
used up. C With lateral rotation of the humerus from position B; more of the articular surface has
been made available from below to above the glenoid cavity, but such free rotation is limited in the
living by the rotator cuff muscles. D Full abduction from the rotated position in C but note that in
the living abduction is limited to about 120°; scapular rotation accounts for the remaining 60°. The
movements in B to D take place in the plane of the paper (the coronal plane of the body) but the
final position in D can be reached directly by movement at right angles to the paper (flexion in the
sagittal plane carried up to full abduction).

Upward displacement of the head of the humerus is prevented by the overhanging coracoid and
acromion processes and the coracoacromial ligament that bridges them. The whole constitutes the
coracoacromial arch and the subacromial bursa lies between the arch and the underlying
supraspinatus tendon and joint capsule. The arch is very strong. Upward thrust on the humerus will
not fracture the arch; the clavicle or the humerus itself will fracture first.

The tendons of subscapularis, supraspinatus, infraspinatus and teres minor fuse with the lateral part of
the capsule and are attached to the humerus very near the joint. They are known as the rotator cuff,
although the supraspinatus is not a rotator of the humerus. There is no cuff inferiorly and here the
capsule is least supported.

The shoulder joint is the most frequently dislocated joint in the body. A sudden force applied along
the axis of the humerus when it is abducted to more than 90°, extended and laterally rotated, tends to



drive the head through the inferior, less supported part of the capsule, frequently tearing the labrum as
well. When the arm 1s returned to the side, the head of the humerus comes to lie in front of the glenoid
fossa, below the coracoid process. Dislocation of the shoulder joint in this manner may damage the
axillary nerve as it lies directly below the joint capsule (see p. 55). Once the capsule and labrum
have been damaged recurrent dislocation tends to occur in a similar manner as above, but with less
force being applied. Surgical procedures carried out to prevent redislocation involve repairing the
torn labrum, reinforcing the capsule by an overlapping repair and rearrangement of the anterior
muscles.

Lesions of the rotator cuff impair movements of the shoulder joint. The supraspinatus tendon is
particularly prone to such conditions as it passes over the top of the head of the humerus to its
insertion on the greater tubercle. Impingement of the tendon under the coracoacromial arch and a
critical area of diminished vascularity about 1 cm proximal to its humeral insertion are believed to
contribute to the occurrence of supraspinatus tendinitis. The inflammatory swelling of the tendon
aggravates the impingement. Pain is felt during abduction of the shoulder as the arm traverses an arc
between 60° and 120° (the ‘painful arc’) when impingement is maximal. In advanced cases the tendon
may rupture, allowing the subacromial bursa to communicate with the joint cavity, and this can be
demonstrated by arthrography as the opaque medium will extend from the joint into the subacromial
space.

Movements

As the shoulder joint is of the ball and socket type and as the head of the humerus is four times the
area of the glenoid cavity, there is considerable freedom for a variety of movements around many
axes. These movements are often associated with movements of the scapula on the thoracic wall and
consequential movements of the clavicle.

The movements of the shoulder joint are: flexion and extension; adduction and abduction; and
rotation. Circumduction is a rhythmical combination in orderly sequence of flexion, abduction,
extension and adduction (or the reverse).

When the arm hangs at rest beside the body, the glenoid fossa faces forwards as well as laterally.
Flexion at the shoulder joint, without any associated scapular movement, brings the arm forwards and
inwards across the front of the body. The clavicular head of pectoralis major and the anterior fibres
of deltoid are assisted in this movement by coracobrachialis and the short head of biceps. The
opposite movement of extension is effected by latissimus dorsi, teres major and the posterior fibres
of deltoid. The sternocostal part of pectoralis major is able to extend the fully flexed arm and flex the
fully extended arm.

The multipennate acromial fibres of deltoid are the principal abductors at the shoulder joint. But
acting alone, deltoid would tend to raise the head of the humerus upwards, as in shrugging the
shoulders, rather than abduct it. Supraspinatus initiates abduction and holds the head of the humerus
against the glenoid fossa, while subscapularis, infraspinatus and teres minor exert a downward pull
on the head. At approximately 90° of abduction, the upper part of the articular surface of the head of
the humerus is fully utilized and lies edge to edge with that of the glenoid fossa (Fig. 2.13). Lateral
rotation of the humerus is required to bring additional articular surface into play and allow abduction
to continue. Not more than 120° of abduction is possible at the glenohumeral articulation. Further



abduction, as in bringing the arm vertical beside the head, requires scapular rotation that makes the
glenoid fossa face upwards, brought about by trapezius and serratus anterior (Fig. 2.3). Apart from
during the initial approximately 30° of abduction, gleno-humeral movement and scapular rotation
occur simultaneously, their ratio being 2 to 1. Gravity aids adduction of the abducted arm; pectoralis
major, latissimus dorsi and teres major are powerful adductors.

Rotation is mostly produced by the short scapular muscles: infraspinatus and teres minor for lateral
rotation, subscapularis and teres major for medial rotation (assisted by latissimus dorsi and
pectoralis major).

Test. The action of placing both hands behind the head is a good test of lateral rotation on the two
sides; likewise, actively placing both hands on the back between the scapulae tests medial rotation.
With the arm abducted to 90° and the elbow flexed to 90°, moving the hand and forearm upwards and

then downwards also tests lateral and medial rotation respectively; the normal range for each is about
90°.

Surgical approach

The joint can be exposed from the front or back. From the front the deltopectoral groove is opened up,
ligating tributaries of the cephalic vein, but preserving the vein itself and retracting it medially. The
tip of the coracoid process is detached and turned medially with coracobrachialis and the short head
of biceps still attached, taking care not to damage the musculocutaneous nerve entering
coracobrachialis. Subscapularis is stretched by laterally rotating the humerus and then divided to
expose the joint capsule. The anterior circumflex humeral vessels are a guide to the lateral (lower)
border of the muscle.

From the back deltoid is detached from the spine of the scapula and acromion and reflected laterally
(or its fibres split) to allow infraspinatus and teres minor to be cut to expose the capsule. The axillary
and suprascapular nerves must not be damaged.

Injection or aspiration of the joint can be carried out from the side below the acromion, or from the
front with the needle passing through the deltopectoral groove and then below and medial to the tip of
the coracoid process, or from the back below the junction of the acromion with the spine and in the
direction of the coracoid process. The same posterior approach is usually used initially for shoulder
arthroscopy. Instruments are then inserted into the joint anteriorly between the subscapularis and
supraspinatus tendons.



Part three. Axilla

The axilla is the space between the upper arm and the side of the thorax, bounded in front and behind
by the axillary folds, communicating above with the posterior triangle of the neck and containing
neurovascular structures and lymph nodes, for the upper limb and the side wall of the thorax. Its floor
1s the axillary fascia extending from the anterior to the posterior axillary folds and from the fascia
over the serratus anterior to the deep fascia of the arm. The suspensory ligament (Fig. 2.2) from the
lower border of pectoralis minor is attached to the fascial floor from above. Its anterior wall is
formed by pectoralis major, pectoralis minor, subclavius and the clavipectoral fascia; these have
been described on pages 38-39. The posterior wall extends lower; it is formed by subscapularis and
teres major (see pp. 44-46), with the tendon of latissimus dorsi winding around the latter muscle. The
medial wall is formed by the upper part of serratus anterior, the lower limit of the axilla being
defined as the level of the fourth rib. The anterior and posterior walls converge laterally to the lips of
the intertubercular groove of the humerus in which lies the tendon of the long head of biceps,
overlapped medially by coracobrachialis and the tendon of the short head of biceps (Figs 2.1 and
2.14).

Figure 2.14 Left axilla and brachial plexus from the front, after removal of much of pectoralis
major and minor and the axillary vein. The medial cutaneous nerve of the forearm lies in front of
the ulnar nerve medial to the axillary artery. The median nerve is formed in front of the artery, and
laterally the musculocutaneous nerve enters coracobrachialis. (The small medial cutaneous nerve
of the arm, which runs distally medial to the axillary vein, is not shown.).

The apex is bounded by the clavicle, upper border of the scapula and the outer border of the first rib;
it is the channel of communication between axilla and posterior triangle.

Contents of the axilla

Axillary artery

This is the main arterial stem of the upper limb and is a continuation of the third part of the subclavian
artery. It commences at the outer border of the first rib and enters the apex of the axilla by passing
over the first digitation of serratus anterior, behind the midpoint of the clavicle. At the lower border
of teres major it nominally becomes the brachial artery. The axillary artery and the cords of the



brachial plexus are enclosed within the axillary sheath, which is projected down from the
prevertebral fascia in the neck (see Fig. 6.8, p. 345). The artery is conveniently divided into three
parts by pectoralis minor, which crosses in front of it: the first part above; the second part behind; and
the third part below. The lateral and posterior cords are superolateral, and the medial cord posterior,
to the first part of the artery and a loop connecting the lateral and medial pectoral nerves lies
anteriorly. The second part has the three cords of the plexus lateral, posterior and medial to it, as their
names indicate. The third part has the branches from the cords of the brachial plexus, having in
general the same relation to the artery as their parent cords. The medial root of the median nerve
crosses in front of the artery to join the lateral root and form the nerve lateral to the artery (Fig. 2.14).
The axillary vein lies anteromedial to all parts of the artery. The shape of the artery depends upon the
position of the arm. With the arm at the side the artery has a bold curve with its convexity lateral.
With the arm laterally rotated and abducted, as in operations upon the axilla, the artery pursues a
straight course. The surface marking of the artery can then be indicated by a line from the middle of
the clavicle to the groove behind coracobrachialis.

Surgical approach. The axillary artery can be exposed by a transverse incision below the clavicle or
by an incision along the deltopectoral groove. Pectoralis major is split in the line of its fibres in the
former and retracted away from deltoid in the latter approaches. The tendon of pectoralis minor is
divided. The cords of the brachial plexus and their branches must be safeguarded.

Branches. The first part has one branch, the second part two, and the third part three branches.

The superior thoracic artery, from the first part, is a small vessel that runs forwards to supply both
pectoral muscles.

The thoracoacromial and lateral thoracic arteries arise from the second part. The thoracoacromial
artery skirts the upper border of pectoralis minor to pierce the clavipectoral fascia, often separately
by its four terminal branches (clavicular, deltoid, acromial and pectoral). These branches radiate
away at right angles from each other in the directions indicated by their names.

The lateral thoracic artery follows the lower border of pectoralis minor, supplying branches to the
pectoralis and serratus anterior muscles and, in the female, being an important contributor of blood to
the breast.

The subscapular and the two circumflex humeral arteries arise from the third part. The subscapular
artery, the largest branch of the axillary, runs down the posterior axillary wall, giving off a dorsal
branch, the circumflex scapular artery, which passes through the posterior wall of the axilla between
subscapularis and teres major, medial to the long head of the triceps and curves backwards round the
lateral scapular border. Distal to this large branch, the diminished subscapular artery changes its
name to thoracodorsal, and runs with the nerve of the same name into latissimus dorsi, having given
one to three branches to serratus anterior. These latter branches anastomose with posterior intercostal
arteries, providing an alternative source of blood supply to latissimus dorsi (see p. 42) if the
subscapular or thoracodorsal artery has been occluded or divided higher up in the axilla. Although the
thoracodorsal nerve arises from the posterior cord of the brachial plexus, it descends to lie in front of
the artery in a neurovascular bundle that enters latissimus dorsi close to its anterior edge (Fig. 2.16).

The anterior circumflex humeral artery runs deep to coracobrachialis and both heads of biceps



(giving here an ascending branch which runs up the intertubercular sulcus and is an important source
of blood supply to the head of the humerus), and passes around the surgical neck of the humerus to
anastomose with the posterior circumflex humeral artery. This, a much larger branch of the axillary
artery, passes through the quadrangular space (Fig. 2.9) in the posterior axillary wall between
subscapularis and teres major, lateral to the long head of triceps and medial to the humerus. It is
accompanied above by the axillary nerve and, like it, supplies the deltoid. It also gives branches to
the long and lateral heads of triceps and the shoulder joint, and anastomoses with the profunda brachii
artery.

Axillary vein

This large vein commences at the lower border of the teres major as a continuation of the basilic vein.
At the outer border of the first rib the axillary vein enters the root of the neck as the subclavian vein in
front of scalenus anterior. The venae comitantes of the brachial artery join the axillary vein near its
commencement and the cephalic vein drains into it above pectoralis minor. Other tributaries
correspond to branches of the axillary artery. The axillary vein has a pair of valves near its distal end
and the cephalic and subscapular veins have valves near their terminations. The axillary vein lies
medial to the axillary artery, which it partly overlaps anteriorly. The medial pectoral nerve, the
medial cord of the brachial plexus, ulnar nerve and medial cutaneous nerve of the forearm lie
between the artery and vein. The medial cutaneous nerve of the arm is medial to the vein.

The subscapular veins are multiple and lie on the posterior wall of the axilla; they are encountered
during surgical clearance of axillary lymph nodes. The lateral thoracic vein is connected by the
thoracoepigastric vein to the superficial epigastric vein, a tributary of the great saphenous vein (see p.
179). This communicating channel becomes prominent on the side of the trunk in cases of inferior
vena caval obstruction.

Brachial plexus

Five roots contribute to the formation of the plexus for the upper limb (Fig. 2.15). They are the fibres
that remain in the anterior rami of C5-8 and T1 after these have given their segmental supply to the
prevertebral and scalene muscles. They are to divide into anterior and posterior divisions to supply
the flexor and extensor compartments respectively (see p. 13), but before doing so they unite to form
three trunks in the following manner. Of the five roots of the plexus the upper two unite to form the
upper trunk, the lower two unite to form the lower trunk, and the central root runs on as the middle
trunk. The five roots lie behind the scalenus anterior muscle and emerge from between it and scalenus
medius to form the trunks which cross the lower part of the posterior triangle of the neck. Each of the
three trunks divides into an anterior and a posterior division behind the clavicle. Here, at the outer
border of the first rib, the upper two anterior divisions unite to form the lateral cord, the anterior
division of the lower trunk runs on as the medial cord, while all three posterior divisions unite to
form the posterior cord. These three cords enter the axilla above the first part of the artery, approach
and embrace its second part, and give off their branches around its third part. Thus the roots are
between the scalene muscles, trunks in the (posterior) triangle, divisions behind the clavicle, and
cords in the axilla. An extension of the prevertebral fascia in the neck surrounds the axillary artery

and cords; local anaesthetics are injected into this axillary sheath to produce a brachial plexus nerve
block.



Figure 2.15 Branches of the left brachial plexus. Branches of roots: R1, dorsal scapular (nerve to
rhomboids); R2, nerve to subclavius; R3, long thoracic (nerve to serratus anterior). Branch of
upper trunk: SS, suprascapular nerve. Branches of lateral cord: L1, lateral pectoral nerve; L2,
musculocutaneous nerve; L3, lateral root of median nerve. Branches of medial cord: M1, medial
pectoral nerve; M2, medial root of median nerve; M3, medial cutaneous nerve of arm; M4, medial
cutaneous nerve of forearm; M5, ulnar nerve. Branches of posterior cord: P1, upper subscapular
nerve; P2, thoracodorsal nerve (to latissimus dorsi); P3, lower subscapular nerve; P4, axillary
nerve; PS5, radial nerve.

The medial cord frequently receives fibres from the anterior ramus of C7. Rarely there may be a
significant contribution to the brachial plexus from the anterior ramus of C4 and a reduction in the
contribution from T1 forming a prefixed plexus. Alternatively, a postfixed plexus receives a
substantial contribution from T2 and a diminished input from CS5. Other variations may occur in the
manner of formation of the trunks, divisions and cords, while the contributions from the spinal cord
segments to the branches remain constant.

There are three branches from the roots: one from the upper trunk and 3, 5 and 5 from the lateral,
medial and posterior cords, respectively. There are no branches from the divisions (Fig. 2.15).

Branches from the roots

The three branches from the roots are the dorsal scapular nerve, the nerve to subclavius, and the long
thoracic nerve; they arise successively from C5, C5, 6 and C5-7, and pass downwards behind, in
front of, and behind the roots in that order.

The dorsal scapular nerve (nerve to the rhomboids) arises from the posterior aspect of C5, pierces
scalenus medius and courses downwards in front of levator scapulae, lying on serratus posterior
superior (Fig. 2.5). It is accompanied by the dorsal scapular vessels. It supplies both rhomboids and
usually gives a branch to levator scapulae.

The nerve to subclavius arises from the roots of C5 and 6 where they join to form the upper trunk. It
passes down in front of the trunks and the subclavian vessels to enter the posterior surface of
subclavius. It frequently has a branch (accessory phrenic nerve) which connects with the phrenic
nerve, providing an alternate pathway for some fibres from the fifth cervical anterior ramus to reach



the diaphragm.

The long thoracic nerve (nerve to serratus anterior) arises from the posterior aspects of C5, 6 and 7.
Branches of C5 and 6 enter scalenus medius, unite in the muscle, emerge from it as a single trunk and
pass down into the axilla. On the surface of serratus anterior (the medial wall of the axilla) this is
joined by the branch from C7 which has descended in front of scalenus medius (Fig. 2.6). The nerve
passes down posterior to the midaxillary line, deep to the fascia on serratus anterior, and supplies the

muscle segmentally (Fig. 2.16).
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Figure 2.16 Posterior wall of the left axilla and posterior cord of the brachial plexus. The radial
nerve runs in front of the tendon of latissimus dorsi and then passes back through the triangular
space. The axillary nerve passes backwards below subscapularis through the quadrangular space.

Branch from the trunks

The suprascapular nerve arises from the upper trunk in the lower part of the posterior triangle and
passes back-wards and laterally deep to the border of trapezius. It passes through the suprascapular
foramen (beneath the transverse scapular ligament) and supplies supraspinatus, descends lateral to the
scapular spine with the suprascapular vessels and supplies infraspinatus (Fig. 2.17). It supplies the
shoulder and acromioclavicular joints.
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Figure 2.17 Suprascapular, axillary and radial nerves on the posterior aspect of the right upper
limb.

Branches from the lateral cord

The three branches from the lateral cord are the lateral pectoral, musculocutaneous and lateral root of
the median nerve.

The lateral pectoral nerve pierces the clavipectoral fascia to supply pectoralis major with fibres
from C5, 6 and 7 (Fig. 2.14). It communicates across the front of the first part of the axillary artery
with the medial pectoral nerve and through this communication supplies pectoralis minor. It has no
cutaneous branch.

The musculocutaneous nerve (C5-7) leaves the lateral cord quite high in the axilla, runs obliquely
downwards and enters coracobrachialis (Fig. 2.14), giving a twig of supply to it, before passing
through the muscle. Lower down in the arm it supplies biceps and brachialis and becomes the lateral
cutaneous nerve of the forearm. An anaesthetic solution injected through the floor of the axilla to
effect a brachial plexus nerve block may not affect the musculocutaneous nerve owing to its high take-
off from the lateral cord.

The lateral root of the median nerve is the continuation of the lateral cord (C5-7). It is joined by
the medial root of the median nerve (from the medial cord, C8 and T1); the two roots embrace the
artery (Fig. 2.14) and, when the arm is pulled down to depress the shoulder may, in some cases,



compress the vessel.

Branches from the medial cord

The five branches from the medial cord are the medial pectoral, medial head of the median nerve,
ulnar nerve, and the two cutaneous nerves, to the arm and forearm respectively.

The medial pectoral nerve arises from the medial cord (C8, T1) behind the first part of the axillary
artery and is joined by a communication from the lateral pectoral nerve. It enters the deep surface of
pectoralis minor, giving a branch of supply before doing so, perforates the muscle (Fig. 2.14) and
enters the pectoralis major, in which it ends by supplying the lower costal fibres. It may give a direct
branch to pectoralis major, which passes around the lower margin of pectoralis minor. The medial
pectoral nerve has no cutaneous branch. The medial and lateral pectoral nerves are named in
accordance with their origins from the medial and lateral cords of the brachial plexus.

The medial root of the median nerve is the continuation of the medial cord, with fibres from C8 and
T1, and it crosses the axillary artery to join the lateral root (Fig. 2.14).

The medial cutaneous nerve of the arm (C8, T1) is the smallest and most medial of all the branches.
It runs down on the medial side of the axillary vein and supplies skin over the front and medial side of
the arm.

The medial cutaneous nerve of the forearm (C8, T1) is a larger nerve that runs down between
artery and vein in front of the ulnar nerve (Fig. 2.14) and supplies skin over the lower part of the arm
and the medial side of the forearm.

The ulnar nerve is the largest branch of the medial cord (C7, 8, T1). It runs down between artery and
vein as the most posterior of the structures which run down the medial side of the flexor compartment
of the arm. It may receive its C7 fibres as a branch from the lateral cord, if these have not already
passed to the medial cord from the anterior ramus of C7.

Branches from the posterior cord

The five branches from the posterior cord are the upper subscapular, thoracodorsal nerve (nerve to
latissimus dorsi), lower subscapular, axillary (circumflex) and radial nerves (Fig. 2.16).

The upper subscapular nerve is a small nerve (C5, 6) which enters the upper part of subscapularis
(Fig. 2.16).

The thoracodorsal nerve (nerve to latissimus dorsi C6-8) is a large nerve which runs down the
posterior axillary wall, crosses the lower border of teres major and enters the deep surface of
latissimus dorsi, well forward near the border of the muscle (Fig. 2.16). It comes from high up behind
the subscapular artery, but as it descends to enter the muscle it lies in front of the artery, at this level
called the thoracodorsal artery. It i1s thrown into prominence in the position of lateral rotation and
abduction of the humerus and is thus in danger in operations on the lower axilla.

The lower subscapular nerve (C5, 6) is larger than the upper subscapular and supplies the lower
part of the subscapularis and ends in teres major.



The axillary nerve (formerly the circumflex nerve) is one of the two large terminal branches of the
posterior cord (the other is the radial nerve). The axillary nerve (C5, 6) supplies nothing in the axilla
despite its name having been changed from circumflex to axillary. From its origin, it runs backwards
through the quadrangular space bounded by subscapularis above, teres major below, long head of
triceps medially and the surgical neck of humerus laterally (Fig. 2.9). It then passes just below the
capsule of the shoulder joint, with the posterior circumflex humeral vessels below it, and emerges at
the back of the axilla below teres minor (Fig. 2.17). Having given a branch to the shoulder joint, it
divides into anterior and posterior branches. The anterior branch winds round behind the humerus in
contact with the periosteum and enters the deep surface of the deltoid to supply it; a few terminal
twigs pierce the muscle and reach the skin. The posterior branch supplies teres minor and deltoid,
then winds around the posterior border of deltoid to become the upper lateral cutaneous nerve of the
arm.

The radial nerve (C5-8, T1) is the continuation of the posterior cord, and is the largest branch of the
whole plexus. It crosses the lower border of the posterior axillary wall, lying on the glistening tendon
of latissimus dorsi (Fig. 2.16). It passes out of sight through the triangular space below the lower
border of this tendon as it lies in front of teres major, between the long head of triceps and the
humerus (Figs 2.9 and 2.17). Before disappearing it gives nerves of supply to the long head of triceps
and the medial head (a nerve which accompanies the ulnar nerve along the medial side of the arm)
and a cutaneous branch which supplies the skin along the posterior surface of the arm (posterior
cutaneous nerve of the arm).

Lymph nodes of the axilla

Contained in the fibrofatty tissue of the axilla are many scattered lymph nodes; their number varies
between 20 and 30. They are usually described as lying in the following groups:

* An anterior or pectoral group, behind pectoralis major along the lateral thoracic artery, at the
lower border of pectoralis minor. They receive from the upper half of the trunk anteriorly and from
the major part of the breast.

* A posterior or subscapular group, on the posterior wall of the axilla along the subscapular
artery. They receive from the upper half of the trunk posteriorly, and from the axillary tail of the
breast.

* A lateral group, along the medial side of the axillary vein. They receive from the upper limb.
* A central group, in the fat of the axilla and receiving lymph from the above groups.

* An apical group, at the apex of the axilla, receives from all the groups named above. The apical
group drains by the subclavian lymph trunk through the apex of the axilla into the thoracic duct or
the right lymphatic duct or directly into the jugulosubclavian venous junction in the neck. A few
efferents from the apical nodes drain into the supraclavicular (inferior deep cervical) nodes.

Axillary lymph nodes are also described in terms of the levels at which they lie. Level I nodes lie
lateral to the lower border of pectoralis minor; level II nodes lie behind the muscle; and level III
nodes lie medial to the upper border of the muscle. The lymph node which initially receives
lymphatic drainage from an area of the breast, which is the site of a pathological process, 1s termed a
sentinel node; this is usually a level I, occasionally a level II and sometimes an extra-axillary node



such as a parasternal node. Its location is confirmed by injecting a dye or radioactive substance into
the relevant site in the breast and demonstrating its drainage to the sentinel node visually or by a
radioactivity counter.

Surgical approach

The axilla is approached surgically through the axillary skin and the clavipectoral fascia divided for
the excision of one or more axillary lymph nodes, for the staging and treatment of malignant disease
such as cancer of the breast. During such procedures the intercostobrachial (see p. 61), long thoracic
(see p. 53) and thoracodorsal (see p. 54) nerves are at risk and need to be safeguarded, unless they
are adherent to involved nodes (Fig. 2.18). The thoracodorsal artery accompanies the nerve and its
preservation ensures adequate blood supply to latissimus dorsi, which is used in breast
reconstruction. The axillary vein must be safeguarded when dividing its subscapular tributaries.
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Figure 2.18 An operative view of the right axilla at the end of surgical clearance of axillary lymph
nodes. The pectoralis major is being retracted upwards and medially. The pectoralis minor tendon
has been divided and the muscle turned down to enhance axillary exposure. The long thoracic
nerve and the thoracodorsal nerve and artery have been safeguarded. The intercostobrachial nerve
has been removed with adherent lymph nodes. The axillary vein has been preserved intact and
patent.




Part four. Breast

The adult female breast or mammary gland lies in the subcutaneous tissue (superficial fascia) of the
anterior thoracic wall. Despite individual variations in size, the extent of the base of the breast is
fairly constant: from the sternal edge to near the midaxillary line, and from the second to the sixth
ribs. It overlies pectoralis major, overlapping onto serratus anterior and onto a small part of the
rectus sheath and external oblique muscle. A small part of the upper outer quadrant may be prolonged
towards the axilla. This extension (the axillary tail) usually lies in the subcutaneous fat; rarely it may
penetrate the deep fascia of the axillary floor and lie adjacent to axillary lymph nodes.

Some 15-20 lactiferous ducts, each draining a lobe of the breast, converge in a radial direction to
open individually on the tip of the nipple, the projection just below the centre of the breast which is
surrounded by an area of pigmented skin, the areola. Each lactiferous duct has a dilated sinus at its
terminal portion in the nipple. Smooth muscle cells are present in the nipple and their contraction
causes erection of the nipple. Large sebaceous glands, sweat glands and other areolar glands are
present in the skin of the areola. The areolar glands form small elevations (tubercles of Montgomery),
particularly when they enlarge during pregnancy.

Behind the breast the superficial fascia (the upward continuation of the membranous layer of
superficial abdominal fascia of Scarpa) is condensed to form a posterior capsule. Strands of fibrous
tissue (forming the suspensory ligaments of Cooper) connect the dermis of the overlying skin to the
ducts of the breast and to this fascia. They help to maintain the protuberance of the young breast; with
the atrophy of age they allow the breast to become pendulous, and when contracted by the fibrosis
associated with certain carcinomas of the breast they cause dimpling of the overlying skin (Fig. 2.19).
They also cause pitting of the oedematous skin that results from malignant involvement of dermal
lymphatics (an appearance often referred to as peau d'orange). Between the capsule and the fascia
over pectoralis major is the loose connective tissue of the retromammary space.

Figure 2.19 Dimpling of the skin below the areola of the left breast due to contraction of the
suspensory ligaments of Cooper. This physical sign is often enhanced by raising the arms.

The male breast resembles the rudimentary female breast and has no lobules or alveoli. The small
nipple and areola lie over the fourth intercostal space.

Blood supply

This is derived mainly from the lateral thoracic artery by branches that curl around the border of
pectoralis major and by other branches that pierce the muscle. The internal thoracic artery also
sends branches through the intercostal spaces beside the sternum; those of the second and third spaces
are the largest. Similar but small perforating branches arise from the posterior intercostal arteries.
The pectoral branch of the thoracoacromial artery supplies the upper part of the breast. The various



supplying vessels form an anastomosing network. From a circumareolar venous plexus and from
glandular tissue venous drainage is mainly by deep veins that run with the main arteries to internal
thoracic and axillary veins. Some drainage to posterior intercostal veins provides an important link to
the internal vertebral venous plexus veins (see p. 428) and hence a pathway for metastatic spread to
bone.

Lymph drainage

A subareolar plexus of lymphatics communicates with lymphatics within the breast. Around 75% of
the lymphatic drainage of the breast passes to axillary lymph nodes, mainly to the anterior nodes,
some to the posterior nodes; direct drainage to central or apical nodes 1s possible. Much of the rest of
the lymphatic drainage, originating particularly from the medial part of the breasts, is to parasternal
nodes along the internal thoracic artery. A few lymphatics follow the intercostal arteries and drain to
posterior intercostal nodes. Occasionally, some lymph from the breast may drain into one or two
infraclavicular nodes in the deltopectoral groove or into small inconstant interpectoral nodes between
pectoralis major and minor. The superficial lymphatics of the breast have connections with those of
the opposite breast and the anterior abdominal wall, from the extraperitoneal tissues of which there is
drainage through the diaphragm to posterior mediastinal nodes. Direct drainage from the breast to
inferior deep cervical (supraclavicular) nodes is possible. These minor pathways tend to convey
lymph from the breast only when the major channels are obstructed by malignant disease.

Development and structure

The breast is a modified sweat gland and begins to develop as early as the fourth week as a
downgrowth from a thickened mammary ridge (milk line) of ectoderm along a line from the axilla to
the inguinal region. Supernumerary nipples or even glands proper may form at lower levels on this

line (Fig. 2.20).

k

Figure 2.20 Supernumerary breast and nipple in the left inframammary region.

Lobule formation occurs only in the female breast and does so after puberty. Each lactiferous duct is
connected to a tree-like system of ducts and lobules, intermingled and enclosed by connective tissue
to form a lobe of the gland. The resting (non-lactating) breast, however, consists mostly of fibrous and
fatty tissue; variations in size are due to variations in fat content, not glandular tissue which is very
sparse. During pregnancy alveoli bud off from the smaller ducts and the organ usually enlarges
significantly, and more so in preparation for lactation. When lactation ceases there is involution of
secretory tissue. After menopause progressive atrophy of lobes and ducts takes place.



Part five. Anterior compartment of the arm
Coracobrachialis

Functionally unimportant, the muscle arises from the apex of the coracoid process, where it is fused
with the medial side of the short head of biceps. The muscle is inserted midway along the medial
border of the humerus.

Nerve supply. By the musculocutaneous nerve (CS5, 6).
Action. It 1s a weak flexor and adductor of the shoulder joint.

Biceps

The long head of this muscle arises from the supraglenoid tubercle and adjoining part of the glenoid
labrum of the scapula (Fig. 2.8). The rounded tendon passes through the synovial cavity of the
shoulder joint, surrounded by a sheath of synovial membrane, and emerges beneath the transverse
ligament at the upper end of the intertubercular groove. The synovial sheath pouts out below the
ligament to an extent which varies with the position of the arm, being greatest in full abduction (Fig.
2.12).

The short head arises from the apex of the coracoid process together with and to the lateral side of
coracobrachialis. The tendinous origin of each head expands into a fleshy belly; the two bellies lie
side by side, loosely connected by areolar tissue, but do not merge until just above the elbow joint,
below the main convexity of the muscle bellies. The flattened tendon at the lower end rotates (anterior
surface turning laterally) as it passes through the cubital fossa to its insertion into the posterior border
of the tuberosity of the radius (Fig. 2.25). A bursa separates the tendon from the anterior part of the
tuberosity. At the level of the elbow joint, the tendon has a broad medial expansion, the bicipital
aponeurosis (Fig. 2.29), which is inserted by way of the deep fascia of the forearm into the
subcutaneous border of the upper end of the ulna.

Nerve supply. By the musculocutaneous nerve (C5, 6) with one branch to each belly.

Action. The biceps is a powerful flexor of the elbow and supinator of the forearm. During supination
the bicipital aponeurosis draws the distal end of the ulna slightly anteromedially. The biceps is a
weak flexor of the shoulder, where the tendon of the long head helps to stabilize the joint as it runs
over the top of the head of the humerus.

Test. With the forearm supinated the elbow is flexed against resistance. The contracted muscle in the
arm, and the tendon and aponeurosis at the elbow are easily palpable.

Brachialis

The muscle arises from the front of the lower half of the humerus and the medial intermuscular
septum. Its upper fibres clasp the deltoid insertion and some fibres arise from the lower part of the
radial groove. The broad muscle flattens to cover the anterior part of the elbow joint and is inserted
by mixed tendon and muscle fibres into the anterior surface of coronoid process and the tuberosity of

the ulna (Fig. 2.30).

Nerve supply. By the musculocutaneous nerve (C5, 6). A small lateral part of the muscle is innervated



by a branch of the radial nerve (C7).
Action. Brachialis is a flexor of the elbow joint.

Medial intermuscular septum

This fibrous septum is attached along the medial supracondylar ridge, extends proximally behind the
coracobrachialis insertion and fades out above, between that muscle and the long head of triceps. It
gives origin to the most medial fibres of brachialis and the medial head of triceps, and is pierced by
the ulnar nerve, the superior ulnar collateral artery and the axillary branch of the radial nerve to the
medial head of triceps.

Lateral intermuscular septum

This is attached along the lateral supracondylar ridge and fades out behind and above the insertion of
deltoid. Both brachioradialis and extensor carpi radialis longus gain attachment to the septum in front,
and posteriorly the medial head of triceps arises from it. It is pierced by the radial nerve and
profunda brachii artery (radial collateral branch).

Vessels and nerves of the arm

Brachial artery

This i1s the continuation of the axillary artery. The brachial artery has the median nerve lateral to it
above (Fig. 2.14), but the nerve crosses obliquely in front of the artery at about the middle of the arm
and lies on its medial side below. The ulnar nerve, posterior to the artery above, leaves it in the
lower part of the arm and slopes backwards through the medial intermuscular septum. The artery is
superficial in its course in the arm, lying immediately deep to the deep fascia of the anteromedial
aspect of the arm (Fig. 2.21). It passes deeply into the cubital fossa before dividing into the radial and
ulnar arteries, usually at the level of the neck of the radius.

Figure 2.21 Cross-section of the middle of the right arm, looking towards the shoulder. The
brachial artery and the median, ulnar and musculocutaneous nerves are on the medial side, with the
radial nerve lateral to the humerus.

The surface marking of the brachial artery, with the arm abducted to a right angle, is along a line
from the middle of the clavicle to the midpoint between the humeral epicondyles, where it is readily



palpable. To palpate the artery in the upper arm, the finger pressure must be directed laterally, not
backwards, as the vessel here lies medial to the humerus.

Surgical approach. The artery can be exposed at the medial border of biceps, in the groove between
biceps and triceps. The deep fascia is incised and the groove opened up to display the neurovascular
bundle embedded in connective tissue.

Branches. Apart from the terminal radial and ulnar arteries, the largest branch is the profunda
brachii artery (Fig. 2.31). It leaves through the lower triangular space to run in the radial groove
with the radial nerve. It supplies triceps, sometimes gives a nutrient artery to the humerus, and divides
into two terminal branches which participate in an anastomosis around the elbow; the middie
collateral descends in the medial head of triceps, while the radial collateral continues the course of
the artery through the lateral intermuscular septum accompanying the radial nerve.

Other branches are the superior ulnar collateral, which accompanies the ulnar nerve, and the
inferior ulnar collateral, which divides into anterior and posterior branches; all take part in the
cubital anastomosis. There are also muscular branches to flexor muscles, and a nutrient artery to the
humerus which enters the bone near the coracobrachialis attachment directed distally.

Veins of the arm

Venae comitantes accompany the brachial artery and all its branches. In addition, the basilic and
cephalic veins course upwards through the subcutaneous tissue (Fig. 2.22). The former perforates the
deep fascia in the middle of the arm and ascends to become the axillary vein; the latter lies in the
groove between deltoid and pectoralis major and ends by piercing the clavipectoral fascia to enter
the axillary vein. The venae comitantes of the brachial artery join the axillary vein.




Figure 2.22 Superficial veins on the anterior aspect of the right upper limb.

Median nerve

The nerve (Fig. 2.14) is formed at the lower border of the axilla by the union of its medial and lateral
roots, from the corresponding cords of the brachial plexus. The axillary artery is clasped between the
two roots, the medial root crossing in front of the vessel. The commencement of the nerve is lateral to
the artery. Passing distally through the arm the nerve lies in front of the brachial artery and at the
elbow is found on its medial side. The nerve gives vascular (sympathetic) branches to the brachial
artery and may give a branch to pronator teres above the elbow joint.

The surface marking of the nerve 1s along a line from lateral to the brachial artery in the proximal
arm to medial to the artery in the cubital fossa.

Musculocutaneous nerve

The nerve gives a branch to and then pierces coracobrachialis. It comes to lie between biceps and
brachialis (Fig. 2.29) and supplies both muscles. The remaining fibres appear at the lateral margin of
the biceps tendon as the lateral cutaneous nerve of the forearm. The musculocutaneous is the nerve of
the flexor compartment of the arm, supplying all three muscles therein. The branch to brachialis
supplies the elbow joint.



Ulnar nerve

Lying posterior to the vessels this nerve inclines backwards away from them and pierces the medial
intermuscular septum in the lower third of the arm, accompanied by the superior ulnar collateral
artery and a branch of the radial nerve to the medial head of triceps. It gives no branch in the arm; its
branch to the elbow joint comes off as it lies in the groove behind the medial epicondyle of the
humerus, where it is readily palpable.

Medial cutaneous nerve of the arm

Lying medial to the vessels this small nerve pierces the deep fascia in the middle of the arm and
supplies the skin on the medial side of the arm (Fig. 2.49).

Medial cutaneous nerve of the forearm

Commencing between the axillary artery and vein, this large nerve descends medial to the brachial
artery and pierces the deep fascia with the basilic vein. It divides into anterior and posterior branches
which descend to the forearm, the former passing in front of the median cubital vein (Fig. 2.22). The
nerve supplies skin over the lower part of the front of the arm and over the medial part of the forearm
(Fig. 2.49). The part of the nerve that lies in the upper arm can be used as a graft as this part has a
long length without branches.

Intercostobrachial nerve

This nerve is the lateral cutaneous branch of the second intercostal nerve. It emerges from the second
intercostal space anterior to the long thoracic nerve and crosses the axilla. It supplies the skin of the
axilla and over a variable extent on the medial side of the upper arm, often communicating with the
medial cutaneous nerve of the arm (Fig. 2.49). It may be in contact with level I lymph nodes and be at
risk during node excision. The thoracoepigastric vein (see p. 179) crosses the nerve vertically on its
posterior aspect and aids identification. Not infrequently the lateral cutaneous branch of the third
intercostal nerve also extends outwards to supply the skin of the axilla.

Lymph nodes

Two groups of one or two lymph nodes each (not part of the axillary group) are found in the arm. The
infraclavicular group lie along the cephalic vein in the upper part of the deltopectoral groove and
drain through the clavipectoral fascia into the apical axillary nodes. They receive afferents from the
superficial tissues of the thumb and lateral side of forearm and arm. The supratrochlear group lie in
the subcutaneous fat just above the medial epicondyle. They drain the superficial tissues of the medial
part of the forearm and hand, the afferent lymphatics running with the basilic vein and its tributaries.
Their efferent vessels pass to the lateral group of axillary nodes.



Part six. Posterior compartment of the arm

The extensor compartment is occupied by the triceps muscle and has the radial nerve and profunda
artery running through it. The ulnar nerve passes through the lower part of this compartment.

Triceps

The three heads of this muscle are named long, lateral and medial. The long head arises from the
infraglenoid tubercle at the upper end of the axillary border of the scapula. The lateral head has a
linear origin (Fig. 2.17) from the back of the humerus, above the groove for the radial nerve,
extending up to the surgical neck. The long and lateral heads converge and fuse to form the superficial
lamina of the triceps tendon. The medial head arises from the whole of the back of the humerus below
the radial groove (Fig. 2.17), and from both intermuscular septa. The medial head is deep to the other
two heads and forms the deep lamina of the tendon. Both laminae blend above the elbow and are
attached to the upper surface of the olecranon. A few fibres are inserted into the posterior part of the
capsule of the elbow joint.

Nerve supply. By the radial nerve (C7, 8). The long and medial heads are supplied by branches given
off from the radial nerve in the axilla. In the humeral groove the nerve supplies the lateral head and
gives another branch to the medial head, which supplies the anconeus as well. Fractures of the middle
of the shaft of the humerus, even though they may damage the radial nerve, are not likely to cause
paralysis of triceps because of the high origin of nerve branches.

Action. The muscle is the extensor of the elbow joint. The long head supports the capsule of the
shoulder joint when the arm is abducted, and it aids in extending the shoulder joint.

Test. The flexed forearm is extended against resistance and the muscle seen and felt.

Radial nerve

Leaving the axilla as described on page 55, the nerve passes obliquely across the back of the humerus
from medial to lateral in a shallow groove between the long and medial heads of triceps, with the
profunda brachii artery. The nerve then pierces the lateral intermuscular septum to enter the anterior
compartment and runs towards the elbow between brachialis medially and first brachioradialis and
then extensor carpi radialis longus laterally (Fig. 2.29). While in the axilla the nerve gives branches
to the long and medial heads of triceps and the posterior cutaneous nerve of the arm. At the back of
the humerus the radial nerve supplies the lateral head and the medial head again, the branch to the
latter supplying anconeus as well. It also gives the lower lateral cutaneous nerve of the arm and the
posterior cutaneous nerve of the forearm, which perforate the lateral head. In the anterior
compartment of the arm the radial nerve gives branches to brachioradialis, extensor carpi radialis
longus and the lateral part of brachialis. The nerve divides into its terminal superficial branch and the
posterior interosseous nerve at the level of the lateral epicondyle. It also supplies the elbow joint.

The surface marking of the nerve is from the point where the posterior wall of the axilla and arm
meet to a point two-thirds of the way along a line from the acromion to the lateral epicondyle, and
thence to the front of the epicondyle.

Ulnar nerve



The nerve courses through the lower part of the extensor compartment and disappears into the forearm
by passing between the humeral and ulnar heads of origin of flexor carpi ulnaris (Fig. 2.33). It lies in
contact with the bone in the groove behind the base of the medial epicondyle, then lies against the
medial ligament of the elbow joint, which it supplies (Fig. 2.25).

Elbow joint

This 1s a synovial joint of the hinge variety between the lower end of the humerus and the upper ends
of radius and ulna (Fig. 2.23). It communicates with the proximal radioulnar joint.

Figure 2.23 Radiographs of the elbow joint: A anteroposterior projection; B lateral projection.
(Provided by Dr R. Sinnatamby, Addenbrooke's Hospital, Cambridge.)

The lower end of the humerus has the prominent conjunction of capitulum and trochlea (Fig. 2.24).
The capitulum 1s a portion of a sphere which articulates with the upper surface of the head of the
radius. It projects forwards and downwards, and is not visible on the posterior aspect of the humerus
(Fig. 2.55). In contrast the trochlea, which lies medial, is a grooved surface that extends around the
lower end of the humerus to the posterior surface of the bone and articulates with the trochlear notch
of the ulna. The groove of the trochlea is limited medially by a sharp ridge that extends further
distally. Laterally a blunter ridge blends with the articular surface of the capitulum more proximally.
Thus a tilt is produced at the lower end of the humerus that accounts in part for the carrying angle of
the elbow. Fossae immediately above the capitulum and trochlea receive the head of the radius and
coronoid process of the ulna, respectively, in full flexion; posteriorly a deep fossa receives the
olecranon in full extension.




Figure 2.24 Lower end of the left humerus, showing the line of attachment of the capsule of the
elbow joint.

The upper surface of the cylindrical head of the radius is spherically concave to fit the capitulum.

The upper end of the ulna shows the deep trochlear notch. A curved ridge crosses the notch
connecting the prominences of coronoid process and olecranon (Fig. 2.57); the ridge fits the groove in
the trochlea of the humerus. The obliquity of the shaft of the ulna to this ridge accounts for most of the
carrying angle at the elbow.

The capsule is attached to the humerus at the medial and lateral margins of the trochlea and capitulum,
respectively, but in front it is attached above the coronoid and radial fossae (Fig. 2.24), and at the
back above the olecranon fossa. Distally, the capsule is attached to the margins of the trochlear notch
of the ulna, and to the annular ligament of the proximal radioulnar joint (Fig. 2.26). It is not attached
to the radius.

The capsule and lower part of the annular ligament are lined with synovial membrane, which is
attached to the articular margins of all three bones. The synovial membrane thus lines the fossae on
the lower end of the humerus. The quadrate ligament, which is attached to the lower margin of the
radial notch of the ulna and the neck of the radius, prevents downward herniation of the synovial
membrane between the anterior and posterior free edges of the annular ligament.

The ulnar collateral (medial) ligament of the elbow joint is triangular and consists of three bands.
The anterior band is the strongest. It passes from the medial epicondyle of the humerus to a small
tubercle (previously called the sublime tubercle) on the medial border of the coronoid process. The
posterior band joins the sublime tubercle and the medial border of the olecranon. A thin middle band
connects these two and its grooved surface lodges the ulnar nerve on its way from the arm to the
forearm (Fig. 2.25). The radial collateral (lateral) ligament (Fig. 2.26) is a triangular band. Its apex
1s attached to the lateral epicondyle and its base fuses with the annular ligament of the head of the
radius. The anterior and posterior ligaments are merely thickened parts of the capsule. The annular
ligament is attached to the anterior and posterior margins of the radial notch of the ulna, and clasps
the head and neck of the radius in the proximal radioulnar joint. It has no attachment to the radius,
which remains free to rotate in the annular ligament.
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Figure 2.25 Left elbow joint from the medial side, with the ulnar nerve lying against the ulnar
collateral (medial) ligament.
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Figure 2.26 Radial collateral (lateral) ligament of the left elbow joint, passing from the lateral
epicondyle to the annular ligament.

Masdian nestm
Brachial arlory
nsarton of brachishs —

Fronsiol bers -

Linis ariery R REOUS Rl

l Rl astary
Flaxor carp Brachioracialy
Tachalks [ ot

Prirmans Gngus.

Flamor carpi
kel Flexor dighorum
sperficishy
Pl dhigilorum
Spefizza ks
Flaseor digilorum Flesar policzs koegis
peohandus
A
Abducior policis ngus
UAmar anery Wadan neres
Raxsial arlory
Linar neive Exfenssr niffnscuom
Prafoem bona Fleol netinscaden

Palmar culiiividus bianch
o el v




Figure 2.27 Superficial muscles of the flexor compartment of the left forearm. Brachioradialis has
been retracted laterally to show the radial nerve and its posterior interosseous branch, and the
brachial artery and median nerve have been displaced medially to show the insertion of brachialis
behind biceps.

Nerve supply. By the musculocutaneous, median, ulnar and radial nerves.



Movements

The only appreciable movement possible at the elbow joint is the simple hinge movement of flexion
and extension. From the straight (extended) position the range of flexion is about 140°. This
movement does not take place in the line of the humerus, for the axis of the hinge lies obliquely. The
extended ulna makes an angle of about 170° with the humerus, the forearm diverging laterally. This
so-called ‘carrying angle’ fits the elbow into the waist when the arm is at the side, and it is
significant that the obliquity of the ulna is more pronounced in women than in men. However, the line
of upper arm and forearm becomes straightened out when the forearm is in the usual working position
of almost full pronation (Fig. 2.32). A pathological increase in this ‘valgus’ angle (e.g. from a
fractured lateral epicondyle or damaged epiphysis) may gradually stretch the ulnar nerve behind the
medial epicondyle and cause an ulnar nerve palsy. The ulnar nerve can also be compressed in the
cubital tunnel formed by the tendinous arch connecting the humeral and ulnar heads of flexor carpi
ulnaris (see p. 66). This condition may require division of the aponeurotic ulnar origin of the muscle
and anterior submuscular transposition of the nerve. In extension the tip of the olecranon lies in line
with the humeral epicondyles, but in full flexion these three bony points make an equilateral triangle.
This relationship is disrupted in dislocation of the elbow joint. Posterior displacement of the forearm
bones at the elbow is usually associated with fracture of the coronoid process. The brachial artery,
median and ulnar nerves may be damaged by such an injury. In children the brachial artery and
median nerve are at risk in supracondylar fracture of the humerus from forward displacement of the
proximal fragment.



Surgical approach

There are several approaches to the elbow joint. A posterior approach is made through a vertical
incision which skirts the tip of the olecranon. The ulnar nerve is identified behind the medial
epicondyle and protected. An osteotomy detaches the olecranon which is displaced proximally with
the triceps insertion. At the conclusion of the procedure the olecranon is reattached with a screw. For
a medial approach the ulnar nerve is displaced backwards and the common flexor origin detached to
expose the capsule, while on the lateral side the common extensor origin can be similarly detached.
On this side the capsule incision must not extend lower than the level of the head of the radius to
avoid damage to the posterior interosseous nerve as it winds round the shaft within the supinator.

For aspiration or injection the needle is inserted on the posterolateral side above the head of the
radius, with the elbow at a right angle. The same route provides the portal used for initial distension
of the elbow joint at arthroscopy.



Part seven. Anterior compartment of the forearm

The flexor muscles in the forearm are arranged in two groups, superficial and deep. The five muscles
of the superficial group cross the elbow joint; the three muscles of the deep group do not. The flexor
compartment 1s much more bulky than the extensor compartment, for the necessary power of the grip.

Superficial muscles

These five muscles (Fig. 2.27) are distinguished by the fact that they possess a common origin from
the medial epicondyle of the humerus. Three of the group have additional areas of origin. The

common origin is attached to a smooth area on the anterior surface of the medial epicondyle (Fig.
2.24).

With the heel of the hand placed over the opposite medial epicondyle, palm lying on the forearm, the
digits point down along the five superficial muscles: thumb for pronator teres; index for flexor carpi
radialis; middle finger for flexor digitorum superficialis; ring finger for palmaris longus; and little
finger for flexor carpi ulnaris.

Pronator teres

Arising from the common origin and from the lower part of the medial supracondylar ridge, the main
superficial belly is joined by the small deep head, which arises from the medial border of the
coronoid process of the ulna just distal to the tubercle on it. The median nerve lies between the two
heads and the ulnar artery passes deep to the deep head (Fig. 2.29). The muscle, forming the medial
border of the cubital fossa (Fig. 2.27), runs distally across the front of the forearm to be inserted by a
flat tendon into the middle of the lateral surface of the shaft of the radius at the most prominent part of
its outward convexity.

Nerve supply. By the first (highest) muscular branch of the median nerve (C6, 7).
Action. The muscle pronates the forearm and is a weak flexor of the elbow.

Test. From the supine position the forearm is pronated against resistance and the muscle palpated at
the medial margin of the cubital fossa.

Flexor carpi radialis

Arising from the common origin the fleshy belly gives way in the middle of the forearm to a long
tendon (Fig. 2.27) that runs through its own compartment in the carpal tunnel (see p. 81), lying in the
groove of the trapezium, and is inserted into the bases of the second and third metacarpals
(symmetrically with extensors longus and brevis). The tendon is a prominent landmark towards the
radial side of the front of the wrist. The radial artery lies lateral to the tendon, and the median nerve
(with the overlying tendon of palmaris longus) medial to it.

Nerve supply. By the median nerve (C6, 7).

Action. It 1s a flexor and radial abductor of the wrist. It is an important stabilizer of the wrist in finger
and thumb movements.

Test. The wrist is flexed and abducted against resistance and the tendon is easily seen and felt.



Flexor digitorum superficialis

The muscle arises from the common origin, the medial ligament of the elbow joint, and the tubercle on
the medial border of the coronoid process of the ulna (humeroulnar head). As this muscle was
previously called flexor digitorum sublimis, this tubercle was known as the sublime tubercle. A
fibrous arch continues the origin across to the radius, where it arises from the whole length of the
anterior oblique line (radial head) (Fig. 2.56). The fleshy belly is partly hidden above by the other
superficial flexors, and is therefore frequently described as being in an intermediate layer. Its oblique
origin, in continuity from the medial epicondyle to the insertion of pronator teres, forms the upper
limit of the space of Parona (see p. 69). Above the wrist the tendons of this muscle appear on each
side of the palmaris longus tendon. As the tendons pass beneath the flexor retinaculum, the middle and
ring finger tendons lie superficial to those to the index and little finger (Fig. 2.39). Their insertion into
the middle phalanges of the fingers is considered on page 89. In the forearm the muscle belly has the
median nerve plastered to its deep surface by areolar tissue (Fig. 2.28).

Figure 2.28 Cross-section through the middle of the right forearm, looking towards the elbow. The
median nerve adheres to the deep surface of flexor digitorum superficialis, and the ulnar artery is
under cover of the muscle more medially. The ulnar nerve is overlapped by flexor carpi ulnaris.
The superficial branch of the radial nerve and the radial artery are under cover of brachioradialis.
The deep (posterior interosseous) branch of the radial nerve has divided above this level to supply
extensor muscles. The anterior interosseous nerve and vessels lie between flexor pollicis longus
and flexor digitorum profundus.

Nerve supply. By the median nerve (C7, 8).

Action. It 1s a flexor of the proximal interphalangeal joints, and secondarily of the
metacarpophalangeal and wrist joints. It also assists in flexion of the elbow and wrist.

Test. The fingers are flexed at the proximal interphalangeal joints against resistance applied to the
middle phalanges, while the distal interphalangeal joints are kept extended.
Palmaris longus

The muscle arises from the common origin. It is absent on one or both sides in about 13% of people.
Its long, flat tendon broadens as it passes in front of the flexor retinaculum, to which it is partly



adherent (Fig. 2.27). In the palm it splits to form the longitudinally directed fibres of the palmar
aponeurosis (see p. 80). The tendon lies in front of the median nerve just above the wrist.

Nerve supply. By the median nerve (C7, 8).

Action. It is a weak flexor of the wrist, and anchors the skin and fascia of the hand against shearing
forces in a distal direction. The tendon can be used in tendon transplant procedures.

Test. The wrist is flexed and the tendon palpated when the pads of the thumb and little finger are
pinched together.

Flexor carpi ulnaris

The muscle arises from the common origin and by a wide aponeurosis from the medial border of the
olecranon and the upper two-thirds of the subcutaneous border of the ulna (Fig. 2.33). The ulnar nerve
passes under the tendinous arch between the humeral and ulnar heads of this muscle to enter the flexor
compartment of the forearm, where the ulnar nerve and artery are overlapped by the muscle (Fig.
2.28). At the wrist the tendon of the muscle is medial to the nerve and artery. The tendon inserts into
the pisiform (a sesamoid bone in the tendon) and, by way of the pisohamate and pisometacarpal
ligaments, into the hamate and fifth metacarpal bones.

Nerve supply. By the ulnar nerve (C7, 8).

Action. 1t is a flexor and an ulnar adductor of the wrist. In radial nerve paralysis the tendon can be
transplanted to extend the fingers or thumb.

Test. The wrist is flexed and adducted against resistance and the tendon palpated.

Cubital fossa

The cubital fossa is the triangular area between pronator teres, brachioradialis and a line joining the
humeral epicondyles (Fig. 2.29). The roof is formed by the deep fascia of the forearm, reinforced on
the medial side by the bicipital aponeurosis. In front of the bicipital aponeurosis lies the median
cubital vein with the medial cutaneous nerve of the forearm (Fig. 2.22); the aponeurosis separates
these structures from the underlying median nerve and brachial artery. The floor is formed in the main
by the brachialis muscle and below by the supinator (Fig. 2.30).
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Figure 2.29 Left cubital fossa. The bicipital aponeurosis has been partly removed. The lateral
cutaneous nerve of the forearm is seen emerging from deep to the lateral border of biceps.

The contents of the fossa, from medial to lateral side, are the median nerve, brachial artery, tendon
of biceps, and farther laterally the radial nerve and its posterior interosseous branch, which are
only seen when brachioradialis 1s retracted laterally (Fig. 2.29). The artery is palpated here medial to
the tendon to define the position for placing the stethoscope when taking the blood pressure. The
further courses of the brachial artery and median nerve are discussed below (see pp. 69 and 72). The
branches of the radial nerve in the cubital fossa have been described onpage 61. The posterior
interosseous nerve gives branches to extensor carpi radialis brevis and supinator before disappearing
from the fossa by passing between the two layers of the supinator muscle (Figs 2.27 and 2.29) into the
extensor compartment (see p. 73). The superficial branch of the radial nerve passes down the forearm
under cover of the brachioradialis (see p. 73).

Deep muscles

The group consists of flexor digitorum profundus, flexor pollicis longus and pronator quadratus (Fig.
2.30).

Flexor digitorum profundus

The most powerful and the bulkiest of the forearm muscles, it arises by fleshy fibres from the medial
surface of the olecranon (Fig. 2.25), from the upper three-quarters of the anterior and medial surfaces
of the ulna, including its subcutaneous border, and from the interosseous membrane. The tendon for
the index separates in the forearm; the three other tendons are still partly attached to each other as they
pass across the carpal bones in the flexor tunnel and do not become detached from each other until



they reach the palm (Fig. 2.30), where they give origin to the four lumbricals. Their insertion into the
distal phalanges is described on page §9.

Nerve supply. By the anterior interosseous branch of the median nerve and by the ulnar nerve (C8,
T1). Characteristically, these nerves equally share the bellies, those that merge into the tendons for
the index and middle fingers being supplied from the median, and for the ring and little fingers from
the ulnar nerves. The corresponding lumbricals are similarly supplied.

This distribution of 2:2 between median and ulnar nerves occurs in only 60% of individuals. In the
remaining 40% the median and ulnar distribution is 3:1 or 1:3 equally (20% each). Whatever the
variation, however, the rule is that each lumbrical 1s supplied by the same nerve which innervates the
belly of its parent tendon.

Action. It flexes the terminal interphalangeal joints and, still acting, rolls the fingers and wrist into
flexion. It 1s the great gripping muscle. Extension of the wrist is indispensable to the full power of
contraction of the muscle.

Test. With the fingers extended and the hand lying supine on the table, the distal interphalangeal joints
are flexed against resistance with the middle phalanx held in extension.

Flexor pollicis longus

This muscle arises from the anterior surface of the radius below the anterior oblique line and above
the insertion of pronator quadratus, and from the interosseous membrane. The tendon forms on the
ulnar side of this unipennate muscle and receives fleshy fibres into its radial side down to just above
the wrist, a distinctive feature which facilitates identification of the tendon (Fig. 2.30). The tendon
passes in the carpal tunnel deep to that of the flexor carpi radialis, then spirals around its ulnar side to
become superficial. It extends into the thumb to be inserted into the base of the distal phalanx.
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Figure 2.30 Deep muscles of the flexor compartment of the left forearm. The flexor retinaculum
remains in place at the wrist. The radial head of flexor digitorum superficialis and the common
extensor origin attached to the lateral epicondyle of the humerus have been removed.

Nerve supply. By the anterior interosseous branch of the median nerve (C7, 8).

Action. It is the only flexor of the interphalangeal joint of the thumb, and also flexes the
metacarpophalangeal and carpometacarpal joints of the thumb and the wrist joint.

Test. With the proximal phalanx of the thumb held steady, the distal phalanx is flexed against
resistance.

Pronator quadratus

Arising from the ridge on the anteromedial aspect of the distal ulna, the muscle is inserted into the
anterior surface of the lower fourth of the radius (Fig. 2.56), and into the triangular area above the
ulnar notch.

Nerve supply. By the anterior interosseous branch of the median nerve (C7, 8).

Action. The muscle pronates the forearm and helps to hold the lower ends of the radius and ulna

together, especially when the hand 1s weight-bearing. As a pronator it is more powerful than pronator
teres.

Space of Parona

In front of pronator quadratus there is a space (of Parona) deep to the long flexor tendons of the



fingers and their synovial sheaths. The space is limited proximally by the oblique origin of flexor
digitorum superficialis. The space becomes involved in proximal extensions of synovial sheath
infections; it can be drained through radial and ulnar incisions to the side of the flexor tendons.

Neurovascular pattern in the forearm

The general arrangement of the deep arteries and nerves of the forearm is that a nerve runs down each
border of the forearm (radial and ulnar nerves), and the brachial artery divides into branches (radial
and ulnar arteries) that run down to approach these nerves but do not cross them. The radial artery
lies medially beside the radial nerve in the middle third, and the ulnar artery lies laterally beside the
ulnar nerve in the distal two-thirds of the forearm. The median nerve, on the deep surface of flexor
superficialis, crosses the ulnar artery to lie between the two arteries. Radial and ulnar arteries supply
the hand; they run down into deep and superficial palmar arches. The arterial supply for the forearm
comes from the common interosseous branch of the ulnar, which divides into posterior and anterior
interosseous arteries. The posterior interosseous artery is rather a failure. Assisted at first by
branches of the anterior interosseous that pierce the interosseous membrane, it later fails and is
replaced by the anterior interosseous artery, which pierces the membrane to enter the extensor
compartment. Anterior (from median) and posterior (from radial) interosseous nerves, on the other
hand, remain in their own compartments right down to the wrist, supplying muscles; neither nerve
reaches the skin.

Three nerves share in the supply of the muscles of the forearm and each nerve passes between the two
heads of a muscle. The median nerve passes between the two heads of pronator teres and the ulnar
nerve between the two heads of flexor carpi ulnaris. These two nerves share in the supply of the
muscles of the flexor compartment. The muscles of the extensor compartment are supplied by the
posterior interosseous nerve, which enters the compartment by passing between the two layers of the
supinator muscle.

Vessels of the flexor compartment

The brachial artery enters the forearm by passing into the cubital fossa in the midline; halfway down
the fossa (at the level of the neck of the radius) it divides into radial and ulnar arteries (Fig. 2.29).
The radial usually appears to be the direct continuation of the brachial artery, whereas the bigger
ulnar branches off at an angle (Fig. 2.31). Sometimes the brachial artery divides into its radial and
ulnar branches more proximally.
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Figure 2.31 Arteries of the upper limb.

Radial artery

The radial artery passes distally medial to the biceps tendon, across the supinator, over the tendon of
insertion of the pronator teres, the radial head of flexor digitorum superficialis, the origin of the flexor
pollicis longus, the insertion of pronator quadratus and the lower end of the radius (against which its
pulsation can be readily felt). It disappears deep to the tendons of abductor pollicis longus and
extensor pollicis brevis to cross the anatomical snuff box (Fig. 2.35). In the upper part of the forearm
it is overlapped anteriorly by brachioradialis (Fig. 2.27). Distally it is covered only by skin and by
superficial and deep fascia.

The surface marking of the artery is along a line, slightly convex laterally, from medial to the biceps
tendon in the cubital fossa to medial to the styloid process of the radius. It can be surgically exposed
at its lower end which is the most common site for arterial cannulation.

Ulnar artery

The ulnar artery disappears from the cubital fossa by passing deep to the deep head of pronator teres
and beneath the fibrous arch of the flexor digitorum superficialis and the median nerve (Fig. 2.29). It
then runs medially and distally on flexor digitorum profundus with the ulnar nerve to its ulnar side and
passes down over the front of the wrist into the palm, where it lies in front of the flexor retinaculum



and continues as the superficial palmar arch (see p. 81). Ulnar artery pulsation can be felt on the
radial side of the tendon of flexor carpi ulnaris just above the pisiform bone.

The surface marking is along a line, slightly convex medially, from medial to the biceps tendon in the
cubital fossa to the radial side of the pisiform. It can be surgically exposed at the lower end and
followed upwards by displacing flexor carpi ulnaris. The ulnar nerve on the ulnar side of the artery
must be safeguarded.

Its chief branch is the common interosseous (Fig. 2.31), which divides into anterior and posterior
interosseous branches. The anterior interosseous artery lies deeply on the interosseous membrane
between flexor digitorum profundus and flexor pollicis longus, supplying each. Perforating branches
pierce the interosseous membrane to supply the deep extensor muscles. Nutrient vessels are given to
both radius and ulna. The artery passes posteriorly through the interosseous membrane at the level of
the upper border of pronator quadratus.

The posterior interosseous artery disappears by passing backwards through the interosseous space
between the upper end of the interosseous membrane and the oblique cord (see p. 72).

Anastomosis around the elbow joint

Recurrent branches, in some cases double, arise from radial, ulnar and interosseous arteries and run
upwards both anterior and posterior to the elbow joint, to anastomose with the radial and middle
collateral branches of the profunda brachii, and the superior and inferior ulnar collateral arteries (see

p. 59 and Fig. 2.31).

Anastomosis around the wrist joint

Both radial and ulnar arteries give off palmar and dorsal carpal branches. These anatomose with each
other deep to the long tendons, forming the palmar and dorsal carpal arches. The palmar carpal arch
lies transversely across the wrist joint (Fig. 2.31); it supplies the carpal bones and sends branches
distally into the hand to anastomose with the deep palmar arch. The dorsal carpal arch lies
transversely across the distal row of carpal bones. It sends dorsal metacarpal arteries distally into
each metacarpal space and these divide to supply the fingers; they anastomose through the
interosseous spaces with the deep palmar arch and the digital branches of the superficial palmar arch.
Thus a free anastomosis is established between radial and ulnar arteries through the carpal and
palmar arches.

Veins of the forearm

The deep veins are plentiful and accompany the arteries, usually by dual venae comitantes which
anastomose freely with each other. They drain the forearm but bring relatively little blood from the
hand.

Most of the blood from the palm of the hand passes through to a superficial venous network on the
dorsum. From the radial side of this arch the cephalic vein begins in the roof of the anatomical
snuftbox and runs up along the lateral border of the limb (Fig. 2.22). It runs in the upper arm lateral to
biceps, to the deltopectoral groove, and perforates the clavipectoral fascia to drain into the axillary
vein. From the ulnar side of the dorsal venous arch the basilic vein runs up the medial border of the
limb. It pierces the deep fascia halfway between elbow and axilla (Fig. 2.22) and becomes the



axillary vein at the lower border of teres major.

The median forearm vein drains subcutaneous tissue of the front of the wrist and forearm. It ascends
to join the median cubital or basilic vein. Commencing distal to the elbow, the median cubital vein
runs proximomedially from the cephalic to the basilic veins. It lies superficial to the bicipital
aponeurosis, but has a communication with the deep veins. There are frequent variations from the
standard venous patterns just described.

Lymphatics of the forearm

As elsewhere in the body the superficial lymphatics follow veins, the deep ones follow arteries.
From the ulnar side of the hand and forearm the subcutaneous lymphatics run alongside the basilic
vein to the supratrochlear nodes. From the radial side the lymphatics run alongside the cephalic vein
to the infraclavicular nodes. From the deep parts of the hand and forearm and from the supratrochlear
nodes lymphatics pass to the lateral group of axillary nodes (see p. 55).

Nerves of the flexor compartment

The lateral cutaneous nerve of the forearm, the cutancous continuation of the musculocutaneous
nerve, pierces the deep fascia above the elbow lateral to the tendon of biceps and supplies the
anterolateral surface of the forearm, by anterior and posterior branches, as far distally as the thenar
eminence (Fig. 2.49). The medial cutaneous nerve of the forearm pierces the deep fascia at the
middle of the arm and divides into anterior and posterior branches. It supplies the skin of the front of
the lower part of the arm and that of the front and back of the medial part of the forearm (Fig. 2.49).

The superficial terminal branch of the radial nerve, the cutaneous continuation of the main nerve, runs
from the cubital fossa on the surface of supinator, pronator teres tendon and flexor digitorum
superficialis, on the lateral side of the forearm under cover of brachioradialis. In the middle third of
the forearm it lies beside and lateral to the radial artery. It then leaves the flexor compartment of the
forearm by passing backwards deep to the tendon of brachioradialis and breaks up into two or three
branches which can often be rolled on the surface of the tautened tendon of extensor pollicis longus.
They are distributed to the radial two-thirds of the dorsum of the hand and the proximal parts of the
dorsal surfaces of thumb and lateral two and a half or three and a half fingers (Fig. 2.36), but seepage
96 for the effects of nerve injury.

The median nerve leaves the cubital fossa between the two heads of pronator teres (Fig. 2.29). It
passes deep to the fibrous arch of flexor digitorum superficialis and runs distally adherent to the
posterior aspect of this muscle. Above the wrist the nerve comes closer to the surface between the
tendons of flexor carpi radialis and flexor digitorum superficialis, lying behind and partly lateral to
the tendon of palmaris longus (Fig. 2.27). Near the elbow the median nerve gives muscular branches,
first to pronator teres and then to flexor carpi radialis, palmaris longus and flexor digitorum
superficialis; the branch to the index finger part of this muscle, however, arises in the middle of the
forearm. The nerve supplies the elbow and proximal radioulnar joints.

Deep to flexor digitorum superficialis, the median nerve gives off an anterior interosseous branch
which runs down with the artery of the same name and supplies flexor digitorum profundus (usually
the bellies which move index and middle fingers), flexor pollicis longus, pronator quadratus, and the



inferior radioulnar, wrist and carpal joints.

In the distal forearm, above the flexor retinaculum, the median nerve gives off a palmar branch to the
skin over the thenar muscles.

The surface marking of the nerve is along a line from a point in the middle of the cubital fossa medial
to the brachial artery to a point at the wrist on the ulnar side of the tendon of flexor carpi radialis.

The ulnar nerve enters the forearm from the extensor compartment by passing between the humeral
and ulnar heads of origin of flexor carpi ulnaris (Fig. 2.33). It is more easily compressed against the
medial surface of the coronoid process than against the humerus, where it lies behind the medial
epicondyle (Fig. 2.25). In the forearm the nerve lies under cover of the flattened aponeurosis of flexor
carpi ulnaris, with the ulnar artery to its radial side along the distal two-thirds of the forearm. This
neurovascular bundle lies on flexor digitorum profundus. Branches of supply are given to flexor carpi
ulnaris and the ulnar half (usually) of flexor digitorum profundus. The branch to flexor carpi ulnaris
contains C7 fibres brought to the ulnar nerve in the axilla (see p. 54) and C8 fibres; the branch to
flexor digitorum profundus contains C8 and T1 fibres.

The ulnar nerve emerges from behind the tendon of flexor carpi ulnaris just proximal to the wrist (Fig.
2.27) and passes across the front of the flexor retinaculum in the hand. Before emerging it gives off a
dorsal branch which passes medially between the tendon of flexor carpi ulnaris and the lower end of
the ulna. The dorsal branch supplies the dorsum of the hand (Fig. 2.36) and of the ulnar one and a halt
fingers proximal to their nail beds. The small palmar cutaneous branch of the nerve pierces the deep
fascia proximal to the flexor retinaculum, and supplies skin of the hypothenar eminence.

The surface marking of the nerve is along a line from the medial epicondyle of the humerus to the
radial side of the pisiform bone.

Radioulnar joints

The superior radioulnar joint is a uniaxial synovial pivot joint between the circumference of the
head of the radius and the fibro-osseous ring formed by the annular ligament (see p. 63) and the radial
notch of the ulnar (Fig. 2.56). The articular inner aspect of the annular ligament is lined by hyaline
cartilage. As has already been noted in connection with the elbow joint (see p. 62), the capsule and
lateral ligament of the latter joint are attached to the annular ligament and both joints share the same
synovial membrane. The membrane lines the intracapsular part of the radial neck and is supported
below by the quadrate ligament.

The inferior radioulnar joint is a uniaxial synovial pivot joint between the convex head of the ulnar
and the concave ulnar notch of the radius (Fig. 2.57). A triangular, fibrocartilaginous articular disc is
attached by its base to the lower margin of the ulnar notch of the radius and by its apex to a fossa at
the base of the ulnar styloid. The proximal surface of the disc articulates with the ulnar head. The
synovial membrane of the joint projects proximally, as the recessus sacciformis, posterior to the
pronator quadratus and anterior to the interosseous membrane.

The interosseous membrane connects the interosseous borders of the radius and ulna. Its fibres run
from the radius distally to the ulna at an oblique angle.



The oblique cord is a flat band whose fibres run in opposite obliquity to those of the interosseous
membrane; they slope proximally from just below the radial tuberosity to the side of the ulnar
tuberosity. The posterior interosseous vessels pass through the gap between the oblique cord and the
upper end of the interosseous membrane.

Nerve supplies. The proximal joint shares the nerve supply of the elbow joint (see p. 63), and the
distal joint is supplied by the posterior interosseous and anterior interosseous nerves.

Movements

The movements of pronation and supination occur at the superior and inferior radioulnar joints. In full
supination, the anatomical position, the radius lies lateral and parallel to the ulna. During pronation,
while the head of the radius rotates within the fibro-osseous ring of the proximal joint, the distal
radius rotates in front of and around the head of the ulna, carrying the hand with it; and in full
pronation the shaft of the radius lies across the front of the ulna with the distal end of the radius
medial to the ulnar head (Fig. 2.32). During supination these movements are reversed. The axis of
movement of the radius relative to the ulna passes through the radial head and the ulnar styloid. But
the ulnar is not usually entirely stationary during pronation and supination. The distal end of the ulna
moves slightly posterolaterally in pronation and anteromedially in supination, these movements being
effected by anconeus and the bicipital aponeurosis respectively. Supination is the more powerful
action and account is taken of this in the design of screws, which are tightened by supination.
Supination is carried out by the biceps and supinator, the former being the stronger provided the
elbow is in the flexed position. The muscles producing pronation are principally pronator quadratus
and pronator teres. About 140° of rotation occurs at the radioulnar joints during pronation—supination.
Synchronous humeral rotation and scapular movement increases the range of rotation to nearly 360°.




Figure 2.32 The left limb bones are seen from the front and the axis of pronation—supination is
indicated by the black lines.




Part eight. Posterior compartment of the forearm

A dozen muscles occupy the extensor compartment. At the upper part are anconeus (superficial) and
supinator (deep). From the lateral part of the humerus arise three muscles that pass along the radial
side (brachioradialis, and extensors carpi radialis longus and brevis), and three that pass along the
posterior surface of the forearm (extensors digitorum, digiti minimi and carpi ulnaris). At the lower
end of the forearm these two groups are separated by three muscles that emerge from deeply in
between them and go to the thumb (abductor pollicis longus and extensors pollicis longus and brevis).
Finally, one muscle for the forefinger runs deeply to reach the back of the hand (extensor indicis).

The nerve of the extensor compartment is the posterior interosseous nerve, which reaches it by
passing around the radius (compare the peroneal nerve in the leg); the artery is the posterior
interosseous, which gains the extensor compartment by passing between the two bones (compare the
anterior tibial artery in the leg). The artery is small and the blood supply of the posterior compartment
1s reinforced by the anterior interosseous artery.

The six long muscles that come from the lateral side of the humerus have not enough area available at
the lateral epicondyle. Two of them arise above this, from the lateral supracondylar ridge and the
lateral intermuscular septum.

Brachioradialis

Arising from the upper two-thirds of the lateral supracondylar ridge, the muscle forms the lateral
border of the cubital fossa (Fig. 2.27). At the mid-forearm level the muscle fibres end in a flat tendon,
which is inserted into the base of the radial styloid (Fig. 2.30). The muscle and its tendon overlie the
radial nerve and the radial artery as they pass down the forearm and the nerve deviates posteriorly.
The lower part of the tendon is covered by abductor pollicis longus and extensor pollicis brevis as
they spiral down to the thumb (Fig. 2.33).
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Figure 2.33 Superficial extensor muscles of the left forearm.

Nerve supply. By the radial nerve (C5, 6) by a branch arising above the elbow joint.
Action. Its action is to flex the elbow joint. It acts most powerfully when the forearm is semipronated.

Test. With the forearm in the midprone position the elbow is flexed against resistance; the muscle can
be seen and felt.

Extensor carpi radialis longus

Arising from the lower third of the lateral supracondylar ridge of the humerus the muscle passes down

the forearm, behind brachioradialis (Fig. 2.33) and then deep to the thumb muscles, to be inserted as a
flattened tendon into the base of the second metacarpal.

Nerve supply. By the radial nerve (C6, 7) by a branch arising above the elbow.

Action. It is an extensor and abductor of the wrist. It is indispensable to the action of ‘making a fist’,

acting as a synergist during finger flexion (see p. 90). It assists in flexion of the elbow. In paralysis of
forearm flexor muscles it can be transferred into flexor digitorum profundus.

Test. With the forearm pronated the wrist is ex-tended and abducted against resistance and the muscle
is palpated below and behind the lateral side of the elbow.

Common extensor origin



The common extensor origin is attached to the smooth area on the front of the lateral epicondyle (Fig.
2.24). From it arise the fused tendons of extensor carpi radialis brevis, extensor digitorum, extensor
digiti minimi and extensor carpi ulnaris. All four muscles pass to the posterior surface of the forearm.
When the forearm is extended and supinated they spiral around the upper part of the shaft of the
radius; behind this rounded mass of muscle 1s an elongated pit in which lies the head of the radius. In
the usual working position of the forearm (flexed and half pronated) these muscles pass straight from
the front of the lateral epicondyle into the forearm. Repetitive use of the extensor muscles of the
forearm, however, may strain or tear fibres of the common extensor origin from the lateral epicondyle
causing pain and tenderness over the lateral epicondyle (tennis elbow).

Extensor carpi radialis brevis

This muscle arises from the common extensor origin on the front of the lateral epicondyle of the
humerus, passes down behind and deep to its fellow longus (Fig. 2.33), and is inserted by a flattened
tendon into the base of the third metacarpal. It and the longus are inserted into the same metacarpals
as flexor carpi radialis. The lower part of both tendons are crossed by abductor pollicis longus and
the two extensor muscles of the thumb (Fig. 2.34).
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Figure 2.34 Deep extensor muscles of the left forearm. Compare with Figure 2.57.

Nerve supply. By a branch in the cubital fossa from the posterior interosseous nerve (C7, 8), before



the nerve pierces the supinator muscle.
Action. As a wrist extensor like its longus companion it contracts in making a fist.

Extensor digitorum

Arising from the common extensor origin the muscle expands into a rounded belly in the middle of the
forearm, diverging from the three muscles on the radial side and separated from them by the
emergence of thumb muscles (Fig. 2.33). Its four tendons pass under the extensor retinaculum
crowded together, overlying the tendon of extensor indicis. On the back of the hand the tendons spread
out towards the fingers. Commonly the fourth tendon is fused with that to the ring finger, and reaches
the little finger only by a tendinous band that passes across near the metacarpophalangeal joint. Other
bands join adjacent tendons in a variable manner. The extensor expansions and their insertions into
the phalanges are considered with the hand (see p. 90).

Nerve supply. By the posterior interosseous nerve on the back of the forearm (C7, 8).

Action. It 1s an extensor of the wrist, metacarpo-phalangeal and interphalangeal joints. Its action on
the fingers is discussed in detail on page 90.

Test. With the forearm in pronation and the fingers extended, the patient tries to keep the fingers
extended at the metacarpophalangeal joints while pressure from the examiner on the proximal
phalanges tries to flex these joints.

Extensor digiti minimi

Arising in common with the extensor digitorum the belly of the muscle separates after some distance
(Fig. 2.33) and then becomes tendinous. Passing beneath the extensor retinaculum on the dorsal aspect
of the radioulnar joint the tendon usually splits into two, which lie side by side on the fifth metacarpal
bone as they pass to the little finger (Fig. 2.37). The tendon of extensor digitorum to the little finger
commonly joins them as a band near the metacarpophalangeal joint and they all form an expansion on
the dorsum of the little finger, which behaves as the other extensor expansions (see p. 90).

Nerve supply. By the posterior interosseous nerve (C7, 8).
Action It assists extensor digitorum in extension of the little finger and wrist joint.

Extensor carpi ulnaris

This muscle arises from the common extensor origin and by an aponeurotic sheet from the
subcutaneous border of the ulna (Fig. 2.33). This aponeurosis arises in common with that of flexor
carpi ulnaris, the two passing in opposite directions into the extensor and flexor compartments. The
tendon of the muscle lies in the groove beside the ulnar styloid as it passes deep to the extensor
retinaculum to be inserted into the base of the fifth metacarpal.

Nerve supply. By the posterior interosseous nerve (C7, 8) at the back of the forearm.

Action. It 1s an extensor and adductor of the wrist. It acts as a synergist during finger flexion and is
indispensable in ‘making a fist’ (see p. 90).



Test. With the forearm pronated and the fingers extended, the wrist is extended and adducted against
resistance. The muscle can be seen and felt in the upper forearm and the tendon palpated proximal to
the head of the ulna.

Anconeus

This small muscle arises from the posterior surface of the lateral epicondyle. It fans out to its
insertion on the lateral side of the olecranon and adjacent shaft of the ulna (Fig. 2.34).

Figure 2.35 Left anatomical snuffbox. It lies between the extensor tendons of the thumb. In its bony
floor are the radial styloid, scaphoid, trapezium and base of the first metacarpal. The floor is
crossed by the radial artery.

Nerve supply By the radial nerve (C7, 8) by a branch that leaves the trunk in the radial groove and
passes through triceps, supplying it as well.

Action. The muscle produces the small amount of posterolateral movement of the ulna that occurs
during pronation (see p. 73).

Supinator

This muscle arises from the distal border of the lateral epicondyle, the lateral ligament of the elbow
joint, the annular ligament of the radius, the supinator crest of the ulna and the fossa in front of it. The
muscle fibres run behind the radius (Fig. 2.34) and are inserted on its lateral surface, between the
anterior and posterior oblique lines. It has superficial and deep layers and the posterior interosseous
nerve passes between these two parts as it leaves the cubital fossa to enter the back of the forearm.
The deep fibres are wrapped around the proximal third of the radial shaft.

Nerve supply. By the posterior interosseous nerve in the cubital fossa before the nerve enters the
muscle (C6, 7).

Action. While the biceps is the powerful supinator of the forearm, supinator fixes the forearm in
supination. Only when the elbow is completely extended is the supinator the prime mover for the
action of supination, which is much weaker in this position.

Abductor pollicis longus

This arises obliquely from the back of both bones of the forearm and the intervening interosseous
membrane, the ulnar origin being more proximal than the radial (Figs 2.34 and 2.57). The tendon of
the muscle usually divides into two slips, one being attached to the base of the first metacarpal, and



the other to the trapezium.
Nerve supply. By the posterior interosseous nerve (C7, 8).

Action. Despite its name this muscle extends the thumb at the carpometacarpal joint, displacing it
laterally in the plane of the palm (see p. 85). It can assist in abducting and flexing the wrist, producing
a ‘trick’ flexion when other flexors are paralysed.

Test. The thumb is extended at the carpometacarpal joint against resistance. The tendon i1s seen and
felt at the radial side of the snuffbox and on the radial side of the adjacent extensor pollicis brevis
tendon.

Extensor pollicis brevis

This arises below abductor pollicis longus from the radius and the adjacent interosseous membrane
(Figs 2.34 and 2.57). In contact with abductor pollicis longus it spirals from the depths of the forearm
around the radial extensors and brachioradialis to reach the radial border of the snuffbox. Its slender
tendon is inserted into the base of the proximal phalanx.

Nerve supply. By the posterior interosseous nerve (C7, 8).

Action It extends the carpometacarpal and metacarpophalangeal joints of the thumb (Fig. 2.35). It
prevents flexion of the metacarpophalangeal joint when flexor pollicis longus is flexing the terminal
phalanx, as in pinching index and thumb pads together (e.g. threading a needle).

Test. The thumb is extended at the metacarpophalangeal joint against resistance. The tendon is seen
and felt at the radial side of the snuftbox on the ulnar side of the adjacent abductor pollicis longus
tendon.

Extensor pollicis longus

This arises from the ulna just distal to abductor pollicis longus (Figs 2.34 and 2.57). Thus it extends
higher into the forearm than extensor pollicis brevis. It extends more distally also into the thumb,
being inserted into the base of the distal phalanx. Its long tendon changes direction as it hooks around
the dorsal tubercle of the radius (Lister's tubercle), and forms the ulnar boundary of the snuftbox (Fig.
2.35). In this situation the tendon is supplied with blood by local branches of the anterior interosseous
artery. Their occlusion after Colles' fracture may lead to necrosis and spontaneous rupture of the
tendon; unopposed action of flexor pollicis longus then produces a flexion deformity of the distal
phalanx of the thumb, known as hammer thumb. Such a rupture is not due to wearing through of the
tendon as it grates over the bone fragments.

There is no extensor expansion on the thumb; the tendon of extensor pollicis longus is stabilized on
the dorsum of the thumb by receiving expansions from abductor pollicis brevis and adductor pollicis.

Nerve supply. By the posterior interosseous nerve (C7, 8).

Action. It extends the terminal phalanx of the thumb, and draws the thumb back from the opposed
position. It assists in extension and abduction of the wrist.



Test. The thumb is extended at the interphalangeal joint against resistance. The tendon is seen and felt
on the ulnar side of the snuftbox.

Extensor indicis

This small muscle arises from the ulna distal to the former muscle (Fig. 2.34). Its tendon remains deep
and passes across the lower end of the radius covered by the tendons of extensor digitorum, with
which it shares a common synovial sheath. From here it passes over the dorsal surface of the
metacarpal bone of the index finger lying to the ulnar side of the digitorum tendon (Fig. 2.37). It joins
the dorsal expansion of the index finger.

Nerve supply By the posterior interosseous nerve (C7, 8).
Action. It extends the index finger, as in pointing.

Anatomical snuffbox

If the thumb is fully extended the extensor tendons are drawn up, and a concavity appears between
them on the radial side of the wrist. This ‘snuftbox’ lies between the extensor pollicis longus tendon
on the ulnar side and the tendons of extensor pollicis brevis and abductor pollicis longus on the radial
side (Fig. 2.35). The cutaneous branches of the radial nerve cross these tendons, and they can be
rolled on the tight tendon of extensor pollicis longus. The cephalic vein begins in the roof of the
snuffbox, from the radial side of the dorsal venous network. The radial artery, deep to all three
tendons, lies on the floor. Bony points palpable in the snuffbox from proximal to distal are the radial
styloid, scaphoid, trapezium and the base of the thumb metacarpal.

Posterior interosseous nerve

After passing through the supinator muscle between its two layers the nerve appears in the extensor
compartment of the forearm (Fig. 2.17) and passes downwards over the abductor pollicis longus
origin. It now dips deeply to reach the interosseous membrane on which it passes between the
muscles as far as the wrist joint. Here it ends in a small nodule from which branches supply the wrist
joint. The nerve supplies the muscles which arise from the common extensor origin and the deep
muscles of the extensor compartment.

Posterior interosseous artery

This vessel gains the extensor compartment by passing between the bones of the forearm above the
interosseous membrane and below the oblique cord. This small vessel accompanies the posterior
interosseous nerve and supplies the deep muscles of the extensor compartment. The arterial supply of
the extensor compartment is supplemented by the anterior interosseous artery, which pierces the
interosseous membrane just above the upper border of pronator quadratus. The anterior interosseous
artery then passes distally to end on the back of the wrist in the dorsal carpal arch.

Extensor retinaculum

The extensor retinaculum is a band-like thickening in the deep fascia of the forearm, about 2.5 cm
wide, which lies obliquely across the extensor surface of the wrist (Fig. 2.37). Its proximal
attachment is to the anterolateral border of the radius above the styloid process. It is not attached to
the ulna; its distal attachment is to the pisiform and triquetral bones.



From the deep surface of the extensor retinaculum fibrous septa pass to the bones of the forearm,
dividing the extensor tunnel into six compartments. The most lateral compartment lies over the lateral
surface of the radius at its distal extremity, and through it pass the tendons of abductor pollicis longus
and extensor pollicis brevis, each usually lying in a separate synovial sheath. The next compartment
extends as far as the dorsal tubercle, and conveys the tendons of the radial extensors of the wrist
(longus and brevis), each lying in a separate synovial sheath (Fig. 2.57). The groove on the ulnar side
of the radial tubercle lodges the tendon of extensor pollicis longus, which lies within its own
compartment invested with a synovial sheath. Between this groove and the ulnar border of the radius
is a shallow depression in which all four tendons of extensor digitorum lie, crowded together over the
tendon of extensor indicis. All five tendons in this compartment are invested with a common synovial
sheath. The next compartment lies over the radioulnar joint and transmits the tendon of extensor digiti
minimi in a synovial sheath. Lastly, the groove near the base of the ulnar styloid transmits the tendon
of extensor carpi ulnaris in its synovial sheath.



Part nine. Wrist and hand

Wrist joint

The radiocarpal or wrist joint is a biaxial synovial joint. At this joint the concave ellipsoid distal
surfaces of the radius and the attached articular disc articulate with the convex proximal surfaces of
the scaphoid, lunate and triquetral bones (Fig. 2.58). The fibrocartilaginous disc, which holds the
lower ends of the radius and ulna together (see p. 72), separates the radiocarpal joint from the distal
radioulnar joint. It does not transmit thrust from the hand. The triangular facet on the lower end of the
radius, whose apex is the styloid process, articulates with the scaphoid and the rectangular area next
to it with the lunate, which also articulates with the disc. The triquetral articulates with the capsule
where it 1s reinforced by the ulnar collateral ligament; it makes contact with the disc only in full
adduction. A capsule surrounds the joint and is thickened to form palmar, dorsal and collateral
ligaments.

Nerve supply. By the posterior interosseous (radial) and anterior interosseous (median) nerves.

Movements at the joint are flexion and extension, adduction (ulnar deviation) and abduction (radial
deviation). These four movements occurring in sequence produce circumduction. Some of the
movement of flexion and extension is always accompanied by similar movement at the midcarpal
joint (see p. 91). Of the total range of flexion (about 80°), a greater proportion occurs at the
midcarpal joint; in extension (60°), there is a greater proportion at the wrist joint itself. The four
movements are carried out by combinations of muscle groups. Thus flexion 1s produced by flexor
carpi radialis and flexor carpi ulnaris as prime movers, aided by palmaris longus and the flexors of
fingers and thumb and abductor pollicis longus. Extension is produced by the radial extensors (longus
and brevis) and the ulnar extensor as prime movers assisted by the extensors of fingers and thumb.
Abduction (limited to about 15° because of the distal projection of the radial styloid) is carried out by
flexor carpi radialis and the two radial extensors acting together, assisted by abductor pollicis longus.
Similarly adduction (45°) 1s brought about by simultaneous contraction of flexor and extensor carpi
ulnaris. In the resting position, the wrist is in slight adduction and extension.

Surgical approach. The usual approach is on the dorsal surface, on the ulnar side of the tendon of
extensor pollicis longus, the tendons of extensor digitorum and extensor indicis being displaced
medially to expose the capsule. There are no major vessels or nerves in this region. Needle puncture
of the joint is carried out between the tendons of extensor pollicis longus and extensor digitorum; the
styloid process of the radius is palpated in the snuftbox to indicate the level of the joint line.

Dorsum of the hand

The skin of the dorsum is thin and can be picked up from the underlying deep fascia and tendons and
moved freely over them. There 1s usually little subcutaneous fat here.

The cutaneous innervation of the dorsum is by the terminal branches of the radial nerve and the
dorsal branch of the ulnar nerve (Fig. 2.36). They share the hand and its digits 372 to 1%, though a
distribution 2% to 2'% is not uncommon. The ends of the nerves stop short of the nail beds (which are
supplied 3'2 to 1% by the nerves of the flexor skin, the median and the superficial branch of the ulnar
nerves).



Figure 2.36 Cutaneous innervation of the dorsum of the left hand.

Large veins forming the dorsal venous network lie beneath the skin; they drain from the palm, so that
the pressure of gripping does not impede venous return. The network lies superficial to the extensor
tendons, proximal to the metacarpal heads, and drains on the radial side into the cephalic vein and on
the ulnar side into the basilic vein.

Beyond the extensor retinaculum the extensors of the wrist (two radial and one ulnar) are inserted at
the proximal part of the hand, into the bases of their respective metacarpal bones. Lying more
superficially, the extensor tendons of the fingers fan out over the dorsum of the hand, attached to the
deep fascia of this region and interconnected near the metacarpal heads by a variable arrangement of
oblique fibrous bands (intertendinous connections) (Fig. 2.37). The deep fascia and the subjacent
extensor tendons roof in a subfascial space that extends across the width of the hand.
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Figure 2.37 Left extensor retinaculum and synovial sheaths of the extensor tendons. Intertendinous
fibrous bands (variable) connect the extensor tendons of the index, middle and ring fingers. The
tendon of extensor digiti minimi usually splits into two more distally than seen here; they may have
separate synovial sheaths as shown or share a single sheath.

The dorsal carpal arch is an arterial anastomosis between the radial, ulnar and anterior interosseous
arteries. It lies on the back of the carpus and sends dorsal metacarpal arteries distally in the
intermetacarpal spaces, deep to the long tendons. These split at the webs to supply the dorsal aspects
of adjacent fingers. They communicate through the interosseous spaces with the palmar metacarpal
branches of the deep palmar arch and the palmar digital branches of the superficial arch. Companion
veins bring blood from the palm into the dorsal venous network.

Palm of the hand

The skin of the palm is characterized by flexure creases (the ‘lines’ of the palm) and papillary ridges,
which occupy the whole of the flexor surface, those on the digits being responsible for fingerprints.
The ridges serve to improve the grip and they increase the surface area. Sweat glands abound, but
there are no sebaceous glands. The little palmaris brevis muscle is attached to the dermis. It lies
across the base of the hypothenar eminence and is the only muscle supplied by the superficial branch
of the ulnar nerve. It may improve the grip by steadying the skin on the ulnar side of the palm.

Elsewhere the skin is steadied by its firm attachment to the palmar aponeurosis. Fibrous bands
connect the two and divide the subcutaneous fat into myriads of small loculi, forming a ‘water
cushion’ capable of withstanding considerable pressure. When cut the tension causes some bulging of
these fatty loculi.

The cutaneous innervation of the palm is mainly by the median nerve and its palmar branch (see pp.
72 and 82) and by the superficial and palmar branches of the ulnar nerve (see p. 84)

Palmar aponeurosis

The deep fascia in the central region of the palm is reinforced by a superficial layer of longitudinal
fibres continuous with the tendon of the palmaris longus muscle and by deeper transverse fibres (Fig.
2.38). The longitudinal fibres are usually present even when palmaris is absent. This palmar
aponeurosis is continuous proximally with the flexor retinaculum and on either side with thinner
fascia covering the thenar and hypothenar muscles. The palmar aponeurosis widens distally in the
hand and divides into four strips, one for each finger. The most superficial longitudinal fibres insert
into the skin of the distal palm and central fibres of the digital strips are attached to the skin at the
base of each digit. The main part of each digital slip divides into two diverging bands that are
inserted into the deep transverse metacarpal ligament (see p. 89), the bases of the proximal phalanx
and the fibrous flexor sheath (see p. 87). Although a digital slip to the thumb is usually absent, some
longitudinal fibres of the palmar aponeurosis curve over and blend with the thenar fascia. A
thickening of transversely directed fibres at the level of the heads of the metacarpal bones constitutes
the superficial transverse metacarpal ligament (natatory ligament). Localised thickening and
contraction of the palmar aponeurosis and its digital slips, usually commencing at the base of the ring
finger, occurs in Dupuytren's contracture. The condition can progress to fixed flexion of the ring and
subsequently the little finger at their metacarpophalangeal and interphalangeal joints. Surgical



treatment involves fasciectomy of appropriate extent and skin lengthening by flap rotation or skin
grafting if required.

Flexor retinaculum

The flexor retinaculum is a strong fibrous band, measuring 2—3 cm transversely and longitudinally,
which lies across the front of the carpus at the proximal part of the hand. Its proximal limit lies at the
level of the distal, dominant skin crease on the front of the wrist. It is attached to the hook of the
hamate and the pisiform medially and to the tubercle of the scaphoid and the ridge of the trapezium
laterally. The carpus is deeply concave on its anterior aspect, so a fibro-osseous canal, the carpal
tunnel, lies between the flexor retinaculum and the carpal bones. The median nerve and all the long
flexor tendons of the fingers and thumb pass through this tunnel. As they do so, the four tendons of the
superficial flexor are separate and lie in two rows, with the middle and ring finger tendons in front of
the index and little finger tendons. The tendons of flexor digitorum profundus lie deeply in one plane,
with only the tendon to the index finger being separate from the others, which remain attached together
till they reach the palm. All eight tendons of the superficial and deep flexors share a common flexor
sheath, which does not invest them completely but is reflected from their radial sides, where arteries
of supply gain access. It is as though the tendons had been invaginated into the sheath from the radial
side (Fig. 2.39). The tendon of flexor pollicis longus lies in its own synovial sheath as it passes
through the fibro-osseous tunnel. At the lateral end of the tunnel a deep lamina from the flexor
retinaculum 1s attached to the medial lip of the groove on the trapezium. The tendon of flexor carpi
radialis, enclosed in its own synovial sheath, runs in the groove in this subcompartment of the carpal
tunnel. The median nerve passes deep to the flexor retinaculum between the flexor digitorum
superficialis tendon to the middle finger and the flexor carpi radialis tendon.

Figure 2.38 Right palmar aponeurosis and superficial transverse metacarpal ligament. The annular
and cruciform pulleys (seen on the middle finger) are conventionally numbered A1l to A5 and C1 to




C3. The Al pulley lies anterior to the metacarpophalangeal joint and the A2 overlies the middle
third of the proximal phalanx. (The fascial roof of the canal of Guyon has been removed. The
thenar and hypothenar fasciae are thinner than depicted in the illustration.)

Figure 2.39 Left carpal tunnel, looking distally towards the palm. For clarity the tendons and
median nerve have been separated from each other; in life they are closely packed in the tunnel.
The synovial sheath of the finger flexors is open towards the radial side allowing the access of
blood vessels to the tendons.

The ulnar nerve lies on the front of the retinaculum lateral to the pisiform bone, with the ulnar artery
lateral to the nerve. The ulnar artery and nerve are covered here by a slender band of fascia, forming
the canal of Guyon in which the nerve may occasionally be compressed. The tendon of palmaris
longus is partly adherent to the anterior surface of the retinaculum, and thenar and hypothenar muscles
arise partly from it. The retinaculum is also crossed superficially by the palmar cutaneous branches of
the ulnar and median nerves lying medial and lateral, respectively, to the tendon. The superficial
palmar branch of the radial artery lies on the retinaculum further laterally.

Superficial palmar arch

This is an arterial arcade (Fig. 2.40) that lies superficial to everything in the palmar compartment, i.e.
in contact with the deep surface of the palmar aponeurosis. It is formed by the direct continuation of
the ulnar artery beyond the flexor retinaculum. It is often not a complete arch. If it is complete it
becomes continuous with the superficial palmar branch of the radial artery. The arch lies across the
centre of the palm, level with the distal border of the outstretched thumb. From its convexity a palmar
digital artery passes to the ulnar side of the little finger, and three common palmar digital arteries
run distally to the webs between the fingers, where each vessel divides into proper palmar digital
arteries that supply adjacent fingers. The thumb side of the index finger and the thumb itself are not
supplied from the superficial arch since they receive branches from the radial artery. Palmar digital
arteries anastomose with dorsal digital arteries and supply the distal soft parts on the dorsum,
including the nail beds.




Figure 2.40 Prosection of the left hand in the Anatomy Museum of the Royal College of Surgeons
of England. The superficial palmar arch is the curved continuation of the ulnar artery and
commonly (as here) 1s not completed by union with a superficial palmar branch of the radial artery.
The digital branches to either side of the index and middle fingers are seen arising from the lateral
branch of the median nerve; they usually arise from the medial branch.

Digital nerves

Lying immediately deep to the superficial palmar arch are the common palmar digital nerves (Fig.
2.40). They pass distally to the webs, between the slips of the palmar aponeurosis, and divide like the
arteries (but proximal to the arterial divisions) into proper palmar digital nerves, which lie anterior
to the arteries in the fingers. Before terminating they each give a dorsal branch and thereby supply all
five nail beds (Fig. 2.36). Incisions along the margins of fingers should be sited slightly dorsally to
avoid damage to the digital nerves.

The ulnar nerve divides into a superficial (cutaneous) and a deep (muscular) branch on the flexor
retinaculum. The superficial branch divides into two branches: the medial one supplies the ulnar side
of the little finger, the lateral the cleft and adjacent sides of little and ring fingers.

The median nerve enters the palm beneath the flexor retinaculum. Distal to the retinaculum it enlarges
and flattens and gives a muscular (recurrent) branch which curls proximally around the distal border
of the flexor retinaculum to supply the thenar muscles (see p. 84). Incision of the synovial sheath of
the tendon of flexor pollicis longus in the palm will endanger the nerve if the cut is not kept
sufficiently distal.

The median nerve then usually divides into two branches. The medial branch divides again into two
and supplies palmar skin, the cleft and adjacent sides of ring and middle fingers and the cleft and
adjacent sides of middle and index fingers. The latter branch supplies the second lumbrical muscle.
The lateral branch supplies palmar skin, the radial side of the index, both sides of the thumb and its
web. The branch to the index supplies the first lumbrical.

Carpal tunnel syndrome

In the tightly crowded flexor tunnel the median nerve can be compressed by arthritic changes in the
wrist joint, synovial sheath thickening or oedema. The symptoms include impaired sensation over
three and a half digits on the thumb side of the hand and, in late cases, wasting and weakness of the
thenar muscles. There is no sensory loss over the thenar eminence itself, for this area of skin is
supplied by the palmar branch of the median nerve, which enters the palm superficial to the



retinaculum and so escapes compression. Surgical division of the retinaculum relieves the pressure
and the symptoms.

The carpal tunnel syndrome must be distinguished from median nerve damage at a higher level. In the
latter case the palmar cutaneous branch will be affected and, in addition, weakness of the relevant
flexor muscles in the forearm (e.g. flexor pollicis longus) is a notable feature. In the carpal tunnel
syndrome the terminal phalanx of the thumb can be flexed with normal power, but with higher lesions
this power is lost.

Radial artery in the hand

The radial artery crosses the anatomical snuffbox over the trapezium and passes to the dorsum of the
hand. It then runs deeply between the two heads of the first dorsal interosseous muscle (Fig. 2.35).
Lying now between this muscle and adductor pollicis it gives off two large branches. The arteria
radialis indicis passes distally between the two muscles to emerge on the radial side of the index
finger, which it supplies. The princeps pollicis artery passes distally along the metacarpal bone of the
thumb and divides into two palmar digital branches for the thumb at the metacarpal head. The main
trunk of the radial artery now passes into the palm between the oblique and transverse heads of
adductor pollicis to form the deep palmar arch (Fig. 2.41).

Figure 2.41 Left adductor pollicis and the deep palmar arch. The two opponens muscles are also
shown.

The deep palmar arch is an arterial arcade formed by the terminal branch of the radial artery
anastomosing with the deep branch of the ulnar artery. Unlike the superficial arch the deep arch is
usually complete and runs across the palm at a level about 1 cm proximal to the superficial arch. The
deep branch of the ulnar nerve lies within the concavity of the deep arch. From its convexity three
palmar metacarpal arteries pass distally and in the region of the metacarpal heads they anastomose
with the common palmar digital branches of the superficial arch. Branches perforate the interosseous
spaces to anastomose with the dorsal metacarpal arteries. Accompanying veins drain most of the



blood from the palm into the dorsal venous network (see p. 79). Branches from the anterior carpal
arch also anastomose with the deep arch.

For a visual assessment of the contribution of the radial and ulnar arteries to the blood supply of the
hand, make a clenched fist and occlude the radial and ulnar arteries. When the fist is released the skin
of the palm is seen to be pale, but colour should return rapidly on the release of either one of the
arteries (Allen's test). If there is an obvious delay after releasing the ulnar artery compared with the
radial, it suggests that the radial supply is dominant and that procedures that might damage the radial
artery (such as cannulation) should be avoided.

Ulnar nerve in the hand

The ulnar nerve leaves the forearm by emerging from deep to the tendon of flexor carpi ulnaris and
passes distally on the flexor retinaculum alongside the radial border of the pisiform bone and medial
to the ulnar artery. Here it divides into superficial and deep branches (Fig. 2.40). The superficial
branch, which may be palpated on the hook of the hamate, supplies palmaris brevis and divides into
two digital nerves; they supply the ulnar one and a half fingers. The small palmar branch, given off by
the ulnar nerve in the forearm, supplies skin over the hypothenar muscles. The deep branch passes
deeply into the palm between the heads of origin of flexor and abductor digiti minimi and through the
origin of opponens digitt minimi (Fig. 2.41). Passing down to the interossei, it grooves the distal
border of the hook of the hamate and arches deeply in the palm within the concavity of the deep
palmar arch. It gives motor branches to the three hypothenar muscles, the two lumbricals on the ulnar
side, all the interossei and both heads of adductor pollicis. Compare the ulnar nerve in the hand with
the lateral plantar in the foot (see p. 155): the cutaneous distribution is identical but unlike the ulnar
nerve the superficial branch of the lateral plantar nerve supplies three muscles and the deep branch
supplies three lumbricals.

Thenar eminence

The thenar eminence 1s made up of the three short thumb muscles whose origin is essentially from the
flexor retinaculum (Fig. 2.42). The most radial of these is abductor pollicis brevis. It arises from the
flexor retinaculum and the tubercles of the scaphoid and trapezium. It is inserted into the radial side of
the base of the proximal phalanx and the tendon of extensor pollicis longus (Fig. 2.35).

Flexor pollicis brevis lies to the ulnar side of the abductor. It arises by a superficial head from the
flexor retinaculum and trapezium and by a deep head from the trapezoid and capitate. It is inserted
into the radial sesamoid of the thumb and so to the radial side of the base of the proximal phalanx.

Opponens pollicis lies deep to the former two muscles. It arises from the flexor retinaculum and the
trapezium and is inserted into the whole of the radial border of the metacarpal bone of the thumb (Fig.
2.41).

Nerve supplies. All three muscles are supplied by the muscular (recurrent) branch of the median
nerve (mainly T1 but with some contribution from C8). However, the nerve supply of flexor pollicis
brevis is subject to more variation than that of any other muscle in the body. It may be from the
muscular branch of the median nerve or the deep branch of the ulnar nerve, or it may have a double
supply from both nerves. The opponens usually has such a double supply.



Actions. The actions of the three muscles are indicated by their names. The abductor abducts the
thumb (moving it in a plane at right angles to the palm). By the slip to the tendon of extensor pollicis
longus it can assist in extension of the thumb. The flexor flexes the proximal phalanx and draws the
thumb across the palm, and the opponens opposes the metacarpal of the thumb (see below).

Tests. For abductor pollicis brevis the thumb is abducted against resistance, at right angles to the
palm; the muscle can be seen and felt. For opponens the thumb is brought against resistance towards
the base of the little finger and the thumb palpated against the metacarpal. The presence of the long
flexor and the variability of the nerve supply makes testing flexor pollicis brevis of doubtful value.

Movements of the thumb

Flexion at the metacarpophalangeal and interphalangeal joints of the thumb is brought about by flexor
pollicis longus and brevis, and extension by extensor pollicis Iongus and brevis. In palmar abduction
(often termed abduction) the thumb moves away from the index finger in a plane at right angles to the
palm, and the thumbnail remains in a plane at right angles to that of the four fingernails (Fig. 2.43).
This movement is produced by abductor pollicis brevis. In radial abduction (often termed extension)
the thumb 1s moved away from the index finger in the plane of the palm by abductor pollicis longus
and extensor pollicis brevis. The opposite to both these movements, which brings the thumb alongside
the index finger, is adduction and is produced by adductor pollicis. Further transpalmar adduction is
effected by flexor pollicis brevis, which also flexes the interphangeal joint of the thumb. In opposition
of the thumb adduction is combined with internal rotation of the first metatarsal at its joint with the
trapezium, by opponens pollicis, and extension of the thumb at the metacarpophalangeal and
interphalangeal joints. This composite movement makes the thumbnail lie parallel with the nail of the
opposed finger.

Hypothenar eminence

In name the muscles that form the hypothenar eminence on the ulnar side of the palm are similar to the
three thenar muscles. Abductor digiti minimi is the most medial of the group (Fig. 2.42). It arises
from the pisiform bone and the tendon of flexor carpi ulnaris and is inserted into the ulnar side of the
base of the proximal phalanx and into the extensor expansion. Flexor digiti minimi brevis (Fig. 2.42)
arises from the flexor retinaculum and the hook of the hamate and is inserted into the ulnar side of the
base of the proximal phalanx. Opponens digiti minimi (Fig. 2.41) also arises from the flexor
retinaculum and the hook of the hamate and is inserted into the ulnar border of the fifth metacarpal
bone.




Figure 2.42 Muscles and tendons of the left palm. The index finger shows the fibrous flexor sheath
with the synovial sheath bulging proximally. The middle finger shows the long tendons exposed by
incision of the flexor sheath. In the ring finger the profundus tendon has been removed, and in the
little finger all is removed down to the phalanges. The first and second lumbricals are unicipital,
the third and fourth bicipital. The median nerve passes beneath the flexor retinaculum and
immediately gives off the muscular (recurrent) branch to the thenar muscles.

Nerve supplies. By the deep branch of the ulnar nerve (mainly T1).
Actions. All three hypothenar muscles help to cup the palm and assist in the grip on a large object.

Long flexor tendons

In the palm the tendons of flexor digitorum superficialis lie anterior to those of flexor digitorum
profundus. From the latter tendons the four lumbrical muscles arise. The superficial tendons overlie
the profundus tendons as they pass, in pairs, into the fibrous flexor sheaths of the fingers. Their
synovial sheaths are considered on page 87.

Lumbrical muscles

Lumbrical muscles arise from the four profundus tendons and pass along the radial sides of the
metacarpophalangeal joints on the palmar surface of the deep transverse metacarpal ligament (Fig.
2.42), to be inserted by their tendons into the extensor expansions on the dorsum of the proximal

phalanges (Fig. 2.47).

Nerve supply. Characteristically, the two ulnar lumbricals are innervated by the ulnar nerve and the
two radial lumbricals by the median nerve (C8, T1). The proportion of ulnar and median distribution
to the lumbricals follows that of the parent bellies of the tendons in the forearm (see p. 68).
Lumbricals supplied by the ulnar nerve are bicipital, each arising by two heads from adjacent
profundus tendons, while those supplied by the median nerve are unicipital and arise from one tendon
only.

Actions. See page 90.



Adductor pollicis

This muscle lies deeply in the palm (Figs 2.41 and 2.42) and has two heads of origin. The transverse
head arises from the whole length of the palmar border of the third metacarpal from where the muscle
converges, fan-shaped, to the ulnar sesamoid of the thumb, the ulnar side of the base of the proximal
phalanx and the tendon of extensor pollicis longus. The oblique head arises from the bases of the
second and third metacarpals and the capitate and also converges on the ulnar sesamoid.

Nerve supply. By the deep branch of the ulnar nerve (CS8, T1).
Action. To approximate the thumb to the index finger, whatever the original position of the thumb.

Interosseous muscles

The interossei are in two groups, palmar and dorsal. The former are small and arise from only one
(their own) metacarpal bone; the latter are larger and arise from the adjacent metacarpal bones of the
space in which they lie (Fig. 2.44). The palmar interossei are only seen from the palmar aspect of the
interosseous spaces, but the dorsal can be seen from both dorsal and palmar aspects. It is easy to
recall the attachments of the interossei by appreciating their functional requirements. The formula
‘PAD and DAB’ indicates that palmar adduct and dorsal abduct the fingers relative to the axis of the
palm, which is the third metacarpal bone and middle finger.

Figure 2.43 Movements of the thumb.




Figure 2.44 Dorsal interossei of the left hand and extensor tendons and expansions. Compare with
Figure 2.37. The tendons occupying the grooves on the radius and ulna are named.

The palmar interossei adduct the fingers. The thumb requires no palmar interosseous as it already
possesses its own powerful adductor pollicis muscle. Nevertheless a few fibres are sometimes found
passing from the base of the metacarpal of the thumb to the base of its proximal phalanx; when present
these fibres represent the first palmar interosseous muscle. The middle finger has no palmar
interosseous; 1t cannot be adducted towards itself. The second, third and fourth palmar interossei
arise from the middle finger side of the metacarpal bone of the index, ring and little fingers and are
inserted into the same side of each respective finger.

The dorsal interossei, more powerful than the palmar, abduct their own fingers away from the
midline of the palm. The thumb and little finger already possess their proper abducting muscles in the
thenar and hypothenar eminences. Thus there are dorsal interossei attached only to index, middle and
ring fingers. In the case of the index and ring fingers they are inserted into the side of the finger away
from the middle finger. The middle finger itself has a dorsal interosseous attached on both sides. All
four dorsal interossei arise by two heads, one from each metatarsal bone bounding the interosseous
space.

The tendons of palmar and dorsal interossei all pass on the posterior side of the deep transverse
metacarpal ligament to reach their distal attachments. They are inserted chiefly into the appropriate
side of the extensor expansion, proximal to the insertion of the lumbricals but partly also into the base
of the proximal phalanx.

Nerve supply. All the interossei are supplied by the deep branch of the ulnar nerve (C8, T1).
Actions. See page 90.

Fibrous flexor sheaths

From the metacarpal heads to the distal phalanges all five digits are provided with a strong unyielding
fibrous sheath, attached to the margins of the phalanges in which the flexor tendons lie in a fibro-



osseous tunnel (Fig. 2.42). In the thumb the fibrous sheath is occupied by the tendon of flexor pollicis
longus alone. In the four fingers the sheaths are occupied by the tendons of the superficial and deep
flexors, the superficial splitting to spiral around the deep within the sheath. The proximal ends of the
fibrous sheaths of the fingers receive the insertions of the digital slips of the palmar aponeurosis. The
fibrous flexor sheaths of the fingers are reinforced by annular pulleys (Fig. 2.38) situated anterior to
the metacarpophalangeal joint (Al), the middle third of the proximal phalanx (A2), the proximal
interphalangeal joint (A3) and the middle third of the middle phalanx (A4). In between these annular
pulleys are cruciform pulleys (Cl, C2, C3). In the thumb the Al pulley is anterior to the
metacarpophalangeal joint and the A2 pulley just proximal to the interphalangeal joint. An oblique
pulley is situated over the middle third of the proximal phalanx.

Synovial flexor sheaths

In the carpal tunnel the flexor tendons are invested with synovial sheaths that extend proximally for
about 2.5 cm into the lower part of the forearm and proceed distally to a varying extent (Fig. 2.45).
On the tendon of flexor pollicis longus the sheath extends from above the flexor retinaculum to the
insertion of the tendon into the terminal phalanx of the thumb. The tendons of the superficial and deep
flexors are together invested with a common synovial sheath that is incomplete on the radial side.
This common sheath extends into the palm and on the little finger it 1s continued along the whole
extent of the flexor tendons to the terminal phalanx. The common flexor sheath ends over the
remaining three sets of tendons just distal to the flexor retinaculum. The common flexor sheath
communicates at the level of the wrist with the sheath of flexor pollicis longus in about 50% of
individuals. In the index, middle and ring fingers, where the common sheath ends beyond the flexor
retinaculum, a separate synovial sheath lines the fibrous flexor sheath over the phalanges. The
proximal limit of these sheaths is at the level of the distal transverse crease of the palm. There is thus
a short distance of bare tendon for index, middle and ring fingers in the middle of the palm. It is from
this situation that the lumbrical muscles arise. The fourth lumbrical obliterates the synovial sheath at
its origin from the tendon to the little finger. All the synovial sheaths have a parietal layer related to
the environs through which the tendons pass and a visceral layer on the surface of the tendons. The
two layers are continuous at the proximal and distal ends of the sheaths.

Palmar spaces

The palmar aponeurosis, fanning out from the distal border of the flexor retinaculum, is triangular in
shape. From each of its two sides a septum dips deeply into the palm. That from the ulnar border is
attached to the palmar border of the fifth metacarpal bone. Medial to it is the hypothenar space that
encloses the hypothenar muscles. The remaining part of the palm is divided into two spaces by the
septum that dips in from the radial border of the palmar aponeurosis to the palmar surface of the
middle metacarpal bone. This septum lies obliquely and separates the thenar space on its radial side
from the midpalmar space beneath the palmar aponeurosis. The septum usually passes deeply
between the flexor tendons of index and middle fingers, i.e. the flexor tendons of the index finger
overlie the thenar space. These are potential spaces and their margins are difficult to define by
dissection. Pus may accumulate in them in infections of the hand and be initially confined within the
boundaries described.

Web spaces
Three web spaces lie in the distal part of the palm between the bases of the proximal phalanges of the



four fingers. From the skin edge they may be said to extend proximally as far as the
metacarpophalangeal joints. Between the palmar and dorsal layers of the skin lie the superficial and
deep transverse ligaments of the palm, the digital vessels and nerves, and the tendons of the interossei
and lumbricals on their way to the extensor expansions. The web is filled in with a packing of loose
fibrofatty tissue.

The superficial transverse metacarpal ligament, or natatory ligament, has been described on page
81. It lies just deep to the palmar skin adjacent to the free margins of the webs (Fig. 2.38). The digital
vessels and nerves lie immediately deep to the ligament, a point to be remembered in making web
incisions for palmar space infections. Here the nerves lie on the palmar side of the arteries. The
digital slips of the palmar aponeurosis and the lumbrical tendons lie posterior to the vessels, as they
pass distally to their attachments to the fibrous flexor sheaths and extensor expansions respectively.

The deep transverse metacarpal ligament lies proximal to the superficial transverse ligament and
connects the palmar ligaments of adjacent metacarpophalangeal joints (Fig. 2.42). The digital slips of
the palmar aponeurosis are attached to it anteriorly, and transverse bands of the extensor expansion
join it posteriorly. The interosseous tendons lie on the dorsal side of the deep transverse ligament; the
lumbrical tendons are on the palmar side.

The web of the thumb lacks both superficial and deep transverse ligaments, a factor contributing to
the mobility of the thumb. The transverse head of adductor pollicis and the first dorsal interosseous
muscle lie here and between them emerge the radialis indicis and princeps pollicis arteries. Each
hugs its own digit and the central part of the web can be incised without risk to either vessel.

Pulp spaces

The pulp spaces are on the palmar side of the tips of the fingers and thumb. They contain fatty tissue
that is divided into numerous compartments by fibrous septa that pass between the distal phalanx and
the skin. Terminal branches of the digital vessels course through the spaces and some of them supply
the end of the distal phalanx (but not the epiphysis which is supplied by proximal branches); infection
of the pulp spaces may occlude these vessels and cause necrosis of the end of the bone. The pulp
space is limited proximally by the firm adherence of the skin of the distal flexion crease to the
underlying fibrous flexor sheath; this prevents pulp infection from spreading proximally along the
finger.

Digital attachments of the long tendons

Flexor tendons

The tendon of flexor digitorum superficialis enters the fibrous flexor sheath on the palmar surface of
the tendon of flexor digitorum profundus. It divides into two halves, which flatten a little and spiral
around the profundus tendon and meet on its deep surface in a chiasma (a partial decussation). This
forms a tendinous bed in which lies the profundus tendon. The chiasma is attached to the front of the
middle phalanx (Fig. 2.46).




Figure 2.45 Left palmar spaces and synovial sheaths. Infection in the thenar or midpalmar spaces
easily breaks through into the lumbrical canals (connective tissue sheaths of the lumbrical
muscles), so the canals are shown in continuity with the spaces.

Figure 2.46 Flexor tendon insertions: A fibrous flexor sheath (1). B tendons exposed after removal
of the sheath; the profundus tendon (2) perforates the superficialis tendon (3) to reach the base of
the distal phalanx; C with the profundus tendon removed to show the gutter-shaped decussation (4)
of the superficialis tendon (3) and the insertion into the palmar surface of the middle phalanx.

The profundus tendon enters the fibrous sheath deep to the superficialis tendon, then lies superficial to
the partial decussation of the latter, before passing distally to reach the base of the terminal phalanx.
In the flexor sheath both tendons are invested by a common synovial sheath that possesses parietal and
visceral layers. Each tendon receives blood vessels from the palmar surface of the phalanges. The
vessels are invested in synovial membrane as they pass between the phalanx and the tendon. These
vascular synovial folds are the vincula, and each tendon possesses two, the short and long (Fig. 2.47).
The profundus tendon has its short vinculum in the angle close to its insertion. Its long vinculum
passes from the tendon between the two halves of the superficialis tendon (proximal to the chiasma)
to the palmar surface of the proximal phalanx. The superficialis tendon has a short vinculum near its
attachment to the middle phalanx. The long vinculum of the superficialis tendon is double, each half of



the tendon possessing a vinculum just distal to its first division, passing to the palmar surface of the
proximal phalanx.

Figure 2.47 Extensor digitorum tendon and the extensor expansion of the left middle finger: A
dorsal view showing insertions of the digitorum tendon into the bases of the middle and distal
phalanges (2 and 3), with a bursa (1) over the base of the proximal phalanx; B dorsal view of the
expansion; C view of the radial side. The lumbrical (4) is attached to the expansion (7) distal to
the interosseous attachment (5). 1, part of bursa; 2 and 3, extensor attachments to middle and distal
phalanges; 4, lumbrical muscle; 5, interosseous muscle; 6, extensor digitorum tendon; 7, extensor
expansion; 8, long vincula to profundus tendon; 9, long vincula to superficialis tendon; 10,
superficialis tendon; 11, profundus tendon.

Extensor tendons and expansions

The extensor tendons to the four fingers have a characteristic insertion. Passing across the
metacarpophalangeal joint, the tendon blends with the central axis of a triangular fibrous expansion on
the dorsum of the proximal phalanx. The base of the triangle is proximal and extends around the
metacarpophalangeal joint to link with the deep transverse metacarpal ligament. The margins of the
expansion are thickened by the attachments of the tendons of the lumbrical and interosseous muscles
(the so-called ‘wing tendons’), which also contribute transverse fibres to the expansion. As the
extensor tendon approaches the proximal interphalangeal joint it splits into a middle slip and two
collateral slips. The middle slip is attached to the base of the middle phalanx. The collateral slips are
joined by the thickened margins of the expansion and converge to be inserted together into the base of
the distal phalanx.

The retinacular ligaments are fibrous bands attached to the side of the proximal phalanx, with the
fibrous flexor sheath attachment. They extend distally to merge with the margins of the extensor
expansion and thereby gain attachment to the base of the distal phalanx. Extension of the proximal
joint draws them tight and limits flexion of the distal joint. Flexion of the proximal joint slackens them
and permits full flexion of the distal joint. The two joints thus passively tend to assume similar
angulations.

Long tendons of the thumb

On the flexor aspect there is only one tendon, that of flexor pollicis longus invested by its synovial



sheath as it passes to the distal phalanx. On the extensor surface the tendons of extensor pollicis
brevis and longus are each inserted separately into the proximal and distal phalanx respectively.
There is no extensor hood as in the four fingers, but the extensor pollicis longus tendon receives a
fibrous expansion from both abductor pollicis brevis and adductor pollicis (Fig. 2.35). These
expansions serve to hold the long extensor tendon in place on the dorsum of the thumb.

Grip

Holding a heavy hammer for banging in a nail or holding a needle for delicate sewing (surgical or
otherwise!) are but two illustrations of the variety of grips required for different purposes. The power
grip depends on the long flexors of the fingers, with opposition of the thumb assisting the whole hand
to give a tight grip. Synergic contraction of wrist extensors is also essential for a firm grip of this
kind; flexion of the wrist weakens the grip. In the hook grip, as for carrying a suitcase, the long
flexors are in action but wrist extension and opposition may not be necessary accompaniments. The
precision grip for dealing with small objects requires wrist stability, but opposition of the thumb to
finger pads, especially of the index and middle fingers, are the essential features, and here the small
hand muscles are of prime importance (see below).

Actions of interossei and lumbricals

The interossei are inserted into the proximal phalanges and into the extensor expansions. Contracting
as palmar or dorsal groups, respectively, they adduct or abduct the fingers away from the midline of
the palm (a longitudinal axis passing through the centre of the middle finger). When palmar and dorsal
interossei contract together the adducting and abducting effects cancel out. Flexion of the
metacarpophalangeal joints results. The interossei are indispensable for the combined movement of
flexion of the metacarpophalangeal joint and simultaneous extension of the interphalangeal joints. The
extensor digitorum is, however, indispensable to the action of extending the terminal phalanx with full
force. In radial nerve palsy, or if the digitorum tendon is cut on the dorsum of the hand, the distal
phalanx cannot be extended with full force even though the interossei are normal.

If the interossei are paralysed, the pull of the digitorum tendon is wholly expended on the
metacarpophalangeal joint which is hyperextended and the interphalangeal joints are partially flexed,
as in the ‘claw hand’ of ulnar nerve paralysis (see p. 96).

The lumbricals are attached only to the extensor expansions and not to the proximal phalanges as
well. Furthermore, their proximal attachments are not to bone but to tendons, and are therefore
mobile. The lumbricals thus provide muscular, and hence proprioceptive, bridges between flexor and
extensor muscles—a unique occurrence (as also in the foot)—which may have important implications
in adjusting the positions of finger joints when using the hand. Acting via the extensor apparatus, the
lumbricals extend both interphalangeal joints. Their action at the metacarpophalangeal joint is
disputed and any flexor action here is likely to be weak. In the ‘claw hand’ of ulnar paralysis the
index and middle fingers are less flexed at the interphalangeal joints because their lumbrical muscles
are intact as they are supplied by the median nerve (see p. 96 and Fig. 2.50). Flexion of the ring and
little fingers is, however, less pronounced when the level of the ulnar nerve lesion is at, or proximal
to, the elbow as the ulnar nerve usually supplies the medial half of flexor digitorum profundus in the
forearm (the ‘ulnar paradox’).

Tests. The first dorsal interosseous can be tested by abducting the index finger against resistance; the



muscle can be seen and palpated between the first two metacarpals. The adducting capacity of the
palmar interossei can be tested by trying to hold a piece of card between the adjacent extended
fingers while an attempt is made to pull the card away. This test carried out between the index and
middle fingers provides a reliable assessment of ulnar nerve integrity. The lumbricals can be tested
by making a pinching movement between the thumb and each finger successively; if lumbrical function
is not intact this results in nail-to-nail contact. The enhancement of distal interphalangeal joint
extension by lumbrical action is necessary for firm pulp-to-pulp contact.

Joints of the carpus

An S-shaped midcarpal joint forms a continuous synovial space between the two rows of carpal
bones, and this extends proximally and distally between adjacent carpal bones, continuous with the
intercarpal joints. A similar synovial joint lies between the distal row of carpal bones and the
metacarpal bones of the four fingers. This carpometacarpal joint commonly communicates with the
intercarpal joints and with articulations between the bases of the metacarpals. The joint between
hamate and fifth metacarpal is the most mobile of the four and the slight flexion possible here aids in
‘cupping’ the palm. The first carpometacarpal joint (of the thumb) 1s a separate synovial cavity
between the trapezium and first metacarpal bone. The joint surfaces are reciprocally saddle-shaped,
to assist in the vitally important movement of opposition.

The metacarpophalangeal joints are synovial joints. They allow of flexion and extension, abduction
and adduction. The palmar ligaments are strong pads of fibrocartilage, which limit extension at the
joint. Those of the index to little fingers are joined together by transverse bands that together
constitute the deep transverse metacarpal ligament (Fig. 2.42). Bands from the digital slips of the
palmar aponeurosis join the palmar surface of this ligament and transverse bands of the extensor
expansions join the dorsal surface. Collateral ligaments flank these joints; they run in a distal and
palmar direction from the metacarpal heads to the phalangeal bases. These joints (the ‘knuckle
joints’) lie on the arc of a circle; hence the extended fingers diverge from each other, the flexed
fingers crowd together into the palm.

The interphalangeal joints are pure hinge joints, no abduction being possible. Extension 1s limited
by palmar and collateral ligaments; the latter have a similar oblique alignment to that in the
metacarpophalangeal joints.



Part ten. Summary of upper limb innervation

Brachial plexus

The roots of the plexus (the anterior rami of C5-T1 nerves) are between the scalene muscles, the
trunks in the posterior triangle, the divisions behind the clavicle, and the cords arranged round the
second part of the axillary artery. About 10% of plexuses are prefixed (from C4—C8) and 10%
postfixed (C6-T2).

The preganglionic sympathetic fibres for the upper limb originate mainly from the second to fifth
thoracic spinal cord segments, and ascend along the sympathetic trunk. Grey rami communicantes
carrying postganglionic fibres from the middle and inferior cervical and the first thoracic sympathetic
ganglia join the roots of the brachial plexus. They hitch-hike through the plexus and its branches,
remaining in the nerves until very near their area of supply. Thus, the brachial artery receives
sympathetic fibres from the median nerve in the arm and arterioles in a finger receive filaments from
digital nerves. In the skin, in addition to arterioles, sweat glands and the arrectores pilorum muscles
receive sympathetic innervation.

Branches of the roots
C5 Dorsal scapular
C5, 6 Nerve to subclavius
C5-7 Long thoracic.
The dorsal scapular nerve (C5) runs down deep to levator scapulae and the two rhomboids,

supplying all three muscles. Lying on serratus posterior superior, it forms a neurovascular bundle
with the descending scapular vessels alongside the vertebral border of the scapula (Fig. 2.5).

The nerve to subclavius (C5, 6) passes down over the trunks of the plexus and in front of the
subclavian vein. It frequently contains accessory phrenic fibres which join the phrenic nerve in the
superior mediastinum.

The long thoracic nerve (C5, 6, 7) forms on the first digitation of the serratus anterior muscle and
runs vertically downwards just behind the midaxillary line, deep to the fascia over the muscle.

Branch of the upper trunk

The suprascapular nerve (C5, 6), runs backwards beneath the fascial floor of the posterior triangle,
then passes beneath the transverse scapular ligament and round the lateral border of the scapular
spine. The nerve supplies supraspinatus, infraspinatus, and the shoulder and acromioclavicular joints.
Branches of the lateral cord

(C5-7 Lateral pectoral

C5—7 Musculocutaneous

C5-7 Lateral root of median.

The lateral pectoral nerve (C5, 6, 7) passes through the clavipectoral fascia and supplies the upper



fibres of pectoralis major. A communicating branch to the medial pectoral nerve crosses in front of
the first part of the axillary artery and contributes to the supply of pectoralis minor (Fig. 2.48).
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Figure 2.48 Nerves on the anterior aspect of the left upper limb.

The musculocutaneous nerve (C5—7) is muscular to the flexors in the arm and cutaneous in the
forearm. Emerging from the medial cord high in the axilla, it supplies coracobrachialis, then pierces
that muscle to slope down between biceps and brachialis, supplying both muscles. Emerging at the
lateral border of the biceps tendon, it pierces the deep fascia at the flexure crease of the elbow. Now
called the lateral cutaneous nerve of the forearm, it supplies skin from elbow to wrist by an anterior
and a posterior branch along the radial border of the forearm (Fig. 2.49).




Figure 2.49 Cutaneous nerves of the right upper limb, A from behind, B from the front. Compare
with the dermatomes on Figure 1.9, page 14.

The lateral root of the median nerve (C5-7) is joined by the medial root at the lateral side of the
axillary artery to form the main nerve (see below).

Branches of the medial cord
C8, T1 Medial pectoral
C8, T1 Medial root of median
C8, T1 Medial cutaneous of arm
C8, T1 Medial cutaneous of forearm
C7, 8, T1 Ulnar.

The medial pectoral nerve (C8, T1) supplies pectoralis minor and then pierces it to supply the lower
(sternocostal) fibres of pectoralis major.

The medial root of the median nerve (CS8, T1) crosses the front of the axillary artery to join its
companion and form the median nerve (C5-T1) at the lateral side of the artery.

The median nerve (C5-8, T1; Fig. 2.48) supplies most of the flexor muscles of the forearm, but only
the three thenar muscles and two lumbricals in the hand. It is cutaneous to the flexor surfaces and nail
beds of the three and a half radial digits and a corresponding area of palm. Formed lateral to the
axillary artery, the nerve leaves the axilla and crosses in front of the brachial artery at the middle of
the arm. At the elbow it lies medial to the artery beneath the bicipital aponeurosis. It passes between
the two heads of pronator teres and deep to the fibrous arch of flexor digitorum superficialis.
Adherent to the deep surface of the muscle, it emerges on the radial side of its tendons, lying deep to
the palmaris longus tendon before passing through the carpal tunnel into the hand.

Branches. In the arm the nerve gives sympathetic filaments to the brachial artery, a twig to the elbow
joint and may supply pronator teres above the elbow. In the cubital fossa, it supplies pronator teres,



palmaris longus, flexor carpi radialis and flexor digitorum superficialis. In the forearm it gives off the
anterior interosseous nerve, which descends on the interosseous membrane to the wrist. The anterior
interosseous is the nerve of the deep flexor compartment; it supplies the radial half (usually) of flexor
digitorum profundus, all of flexor pollicis longus and pronator quadratus and is sensory to the wrist
and carpal joints. The palmar cutaneous branch of the median nerve pierces the deep fascia just
above the flexor retinaculum and supplies more than half of the thumb side of the palm.

In the hand the median nerve gives a muscular (recurrent) branch, which recurves around the distal
border of the flexor retinaculum to supply the three thenar muscles (abductor and flexor pollicis
brevis, and opponens pollicis), and palmar digital branches; these supply both sides of the thumb,
index and middle fingers, the radial side of the ring finger and characteristically the two radial
lumbricals. The palmar digital branches supply the flexor skin of the radial three and a half digits,
and the nail beds and the dorsal skin over the distal and middle phalanges of these digits.

The medial cutaneous nerve of the arm (C8, T1) is the smallest branch of the plexus. It is
sometimes replaced entirely by the intercostobrachial nerve. It runs down with the axillary vein to
pierce the deep fascia and supply skin on the medial aspect of the arm.

The medial cutaneous nerve of the forearm (C8, T1) is a much bigger nerve than the last. It runs
down between axillary artery and vein and pierces the deep fascia half way to the elbow, often in
common with the basilic vein. It supplies the lower part of the front of the arm above the elbow and
then divides into anterior and posterior branches to supply the skin along the ulnar border of the
forearm down to the wrist. In the forearm it is symmetrical with the lateral cutaneous nerve
(musculocutaneous) and the two meet without overlap along the anterior axial line. Their territories
are separated posteriorly by the posterior cutaneous branch of the radial nerve.

The ulnar nerve (C7, 8, T1) is the direct continuation of the medial cord (C8, T1), with additional
C7 fibres picked up in the axilla, usually from the lateral cord. The nerve supplies some flexor
muscles on the ulnar side of the forearm, most of the intrinsic muscles of the hand and the skin of the
ulnar one and a half digits.

Running down between the axillary artery and vein, behind the medial cutaneous nerve of the forearm,
the ulnar nerve pierces the medial intermuscular septum and descends in the groove on the back of the
base of the medial epicondyle. It passes between the two heads of flexor carpi ulnaris and enters the
flexor compartment of the forearm. It descends on flexor digitorum profundus, under cover of flexor
carpi ulnaris. Here it is joined on its lateral side by the ulnar artery. The two emerge from beneath the
tendon of flexor carpi ulnaris just above the wrist and cross the flexor retinaculum lateral to the
pisiform bone.

Branches. Articular twigs are given to the elbow joint as the nerve lies on its medial collateral
ligament. In the forearm the nerve supplies flexor carpi ulnaris and the ulnar half (usually) of flexor
digitorum profundus. It has a palmar cutaneous branch which pierces the deep fascia above the
flexor retinaculum to supply skin over the hypothenar muscles. A dorsal cutaneous branch winds
around the lower end of the ulna deep to the tendon of flexor carpi ulnaris and is distributed to the
dorsal skin of one and a half fingers (except that over the distal phalanx of the little finger, and the
middle and distal phalanges of the ring finger) and a corresponding area of the back of the hand. Not
uncommonly it supplies two and a half instead of one and a half fingers.



The ulnar nerve divides on the flexor retinaculum alongside the pisiform bone. The superficial
branch runs distally beneath palmaris brevis (which it supplies) and is distributed by two digital
branches to the ulnar one and a half fingers, including their nail beds and the skin on the dorsum not
supplied by the dorsal branch.

The deep branch passes deeply between abductor and flexor digiti minimi then through opponens. It
supplies all three hypothenar muscles. It grooves the distal border of the hook of the hamate and
crosses the palm in the concavity of the deep palmar arch, supplying the two ulnar lumbricals and all
the interossei, both palmar and dorsal. It ends by supplying adductor pollicis.

Branches of the posterior cord
C5, 6 Upper subscapular
C6—8 Thoracodorsal
CS, 6 Lower subscapular
C5, 6 Axillary
C5-8, T1 Radial.

The upper and lower subscapular nerves (C5, 6) supply the respective parts of subscapularis, with
the lower nerve also innervating teres major.

The thoracodorsal nerve (nerve to latissimus dorsi) (C6—8) inclines forwards and enters the deep
surface of latissimus dorsi just behind the anterior border. Its terminal part lies anterior to the
thoracodorsal artery and it is vulnerable in operations on the axillary lymph nodes.

The axillary nerve (C5, 6) passes backwards through the quadrangular space (Fig. 2.9), lying above
the posterior circumflex humeral vessels and the glistening tendon of latissimus dorsi (as it overlaps
teres major) just below the capsule of the shoulder joint, which it supplies. In the quadrangular space
it divides. The posterior branch supplies teres minor and winds around the posterior border of
deltoid (Fig. 2.17), supplying it, and continuing as the upper lateral cutaneous nerve of the arm to
supply skin over the lower half of deltoid and the upper part of the back of the arm. The anterior
branch curves round the surgical neck of the humerus, deep to deltoid (Fig. 2.5) which it supplies as
well as a small area of overlying skin.

The radial nerve (C5-8, T1) is the nerve of the extensor compartments of the arm and forearm,
supplying skin over them and on the dorsum of the hand. A direct continuation of the posterior cord,
the radial nerve passes beyond the posterior wall of the axilla, below the easily identifiable tendon of
latissimus dorsi, running dorsally downwards between the long and medial heads of triceps. It spirals
across the back of the humerus, between the lateral and medial heads of triceps, lying on the radial
groove of the bone, deep to the lateral head (Fig. 2.17). It pierces the lateral intermuscular septum
one-third of the way down from the deltoid tuberosity to the lateral epicondyle. In the flexor
compartment of the lower arm it descends in the intermuscular slit between brachialis and
brachioradialis. After giving off the posterior interosseous branch, the rather slender remnant, purely
cutaneous now, retains the name of radial nerve. It runs down the flexor compartment of the forearm,
winds around the lower end of the radius deep to the tendon of brachioradialis and crosses abductor
pollicis longus, extensor pollicis brevis and extensor pollicis longus (as one of the contents of the



anatomical snuffbox) to reach the back of the hand. Here it supplies the skin of the radial two and a
half or three and a half digits (falling short of the nail beds and distal and middle phalanges) and a
corresponding area of the dorsum of the hand.

Branches. The posterior cutaneous nerve of the arm arises in the axilla and pierces the deep fascia
to supply a strip of skin along the extensor surface of the arm down to the elbow. The triceps is
supplied by four radial nerve branches. They arise as nerves to the long, medial, lateral and medial
heads, the first two being given off in the axilla and the last two behind the humerus. The first branch
to the medial head (the ulnar collateral nerve) runs down with the ulnar nerve to enter the lower part
of the medial head. The second branch to the medial head continues deep to triceps to supply
anconeus.

The lower lateral cutaneous nerve of the arm pierces the lateral head of triceps to supply skin over
the lateral surface of the arm down to the elbow. In common with it arises the posterior cutaneous
nerve of the forearm which runs straight down behind the elbow to supply a strip of skin over the
extensor surface of the forearm as far as the wrist.

While lying in the flexor compartment of the forearm between brachialis and brachioradialis, the main
trunk gives a small branch to the lateral part of brachialis and supplies brachioradialis and extensor
carpi radialis longus. At the level of the lateral epicondyle it gives off the posterior interosseous
branch, and then continues on as the terminal cutaneous branch already described.

The posterior interosseous nerve supplies extensor carpi radialis brevis and supinator in the cubital
fossa, and then spirals down around the upper end of the radius between the two layers of supinator to
enter the extensor compartment of the forearm. It crosses abductor pollicis longus, dips down to the
interosseous membrane and runs to the back of the wrist. In the extensor compartment it supplies
seven more muscles; three extensors from the common extensor origin (extensor digitorum, extensor
digiti minimi, and extensor carpi ulnaris), the three thumb muscles (abductor pollicis longus, extensor
pollicis brevis and extensor pollicis longus) and extensor indicis. It is sensory to the wrist and carpal
joints.



Part eleven. Summary of upper limb nerve injuries

In order to obtain a quick appraisal of the integrity of a major limb nerve it is not necessary to test
every muscle supplied. Usually a key muscle and action can be selected that will indicate whether or
not the nerve is intact. The following summary includes notes on selected nerve injuries and methods
for exposing nerves if exploration or repair s required.

Brachial plexus

Damage to the whole plexus is rare but devastating. The most common cause is a motorbike accident,
landing on the shoulder with the neck being forced in the opposite direction, so avulsing the nerve
roots. If all the roots are damaged the whole limb is immobile and anaesthetic, and Horner's
syndrome (see p. 408) may be present, on account of the connections between nerve roots and the
sympathetic trunk. If serratus anterior and the rhomboids are still in action, the damage is distal to the
root origins of the dorsal scapular and long thoracic nerves; if supraspinatus and infraspinatus escape,
the damage is distal to the upper trunk.

The most common traction injury to the plexus is to the upper roots and trunk (C5 and 6—Erb's
paralysis) and includes birth injury (Erb—Duchenne paralysis). The abductors and lateral rotators of
the shoulder and the supinators are paralysed so that the arm hangs by the side, medially rotated,
extended at the elbow and pronated, with loss of sensation on the lateral side of the arm and forearm.

Damage to the lowest roots (C8 and T1) is unusual as with a cervical rib or Klumpke's paralysis due
to birth injury during a breech delivery where the arm remains above the head. The small muscles of
the hand are those most obviously affected, leading to ‘claw hand’ with inability to extend the fingers,
and sensory loss on the ulnar side of the forearm.

Pectoralis major, being the only muscle supplied by all five segments of the plexus, may be a useful
guide to the extent of a plexus injury.

Surgical approach. The supraclavicular part of the plexus can be exposed in the angle between
sternocleidomastoid and the clavicle. The inferior belly of omohyoid and the lateral branches of the
thyrocervical trunk are divided and the prevertebral fascia incised to display the trunks of the plexus.
Sternocleidomastoid and the underlying scalenus anterior are retracted medially to display the roots
of the plexus. Scalenus anterior may need to be detached from the first rib (carefully avoiding damage
to the phrenic nerve) to expose the lower roots and trunk. To expose the infraclavicular part, the
deltopectoral groove is opened up and pectoralis minor detached from the coracoid process so that
the plexus cords and their branches around the axillary artery can be dissected out from the axillary
sheath. The middle part of the clavicle may have to be removed to expose the divisions of the plexus.

Axillary nerve

The nerve may be damaged in 5% of dislocations of the shoulder, in fractures of the upper end of the
humerus or by misplaced injections into deltoid; shoulder abduction is weak and there is a small area
of anaesthesia over the lower part of the muscle. Complete division of the nerve is unlikely and
surgical exposure is rarely indicated.

Musculocutaneous nerve




This nerve is rarely injured. Its function may be assessed by testing for elbow flexion by biceps,
while palpating the muscle.

Surgical approach. Exposure of the nerve involves opening up the deltopectoral groove and
identifying the nerve as it enters coracobrachialis from the lateral cord of the plexus.

Radial nerve

The nerve is most commonly injured high up, by fractures of the shaft of the humerus. The
characteristic lesion is ‘wrist drop’ with inability to extend the wrist and metacarpophalangeal joints
(but the interphalangeal joints can still be straightened by the action of the interossei and lumbricals).
Sensory loss is minimal and usually confined to a small area overlying the first dorsal interosseous,
on account of overlap from the median and ulnar nerves. Transient paralysis may be due to improper
use of a crutch pressing on the nerve in the axilla, or ‘Saturday night palsy’ from draping the arm over
a chair when in a state of diminished consciousness. With such high injuries, triceps paralysis can be
detected by testing elbow extension. As branches to the long and medial heads of triceps arise in the
axilla, elbow extension is not lost after nerve injury following humeral shaft fracture.

Surgical approach. The radial nerve in the arm may be exposed from the back by developing the
interval between the long and lateral heads of triceps to reveal the nerve as it crosses the upper part
of the medial head before coming to lie in the radial groove (Fig. 2.17). At the elbow brachioradialis
and extensor carpi radialis longus are retracted laterally to show the nerve dividing into its
superficial and deep (posterior interosseous) branches. The superficial part of supinator can be
incised if the deep branch has to be followed downwards.

Ulnar nerve

This 1s most commonly injured behind the elbow or at the wrist. The classical sign of a low lesion is
‘claw hand’ (Fig. 2.50), with hyperextension of the metacarpophalangeal joints of the ring and little
fingers and flexion of the interphalangeal joints because their interossei and lumbricals are paralysed
and so cannot flex the metacarpophalangeal joints or extend the interphalangeal joints. The claw is
produced by the unopposed action of the finger extensors and of flexor digitorum profundus. Injury at
the elbow or above gives straighter fingers (‘ulnar paradox’) because the ulnar half of flexor
digitorum profundus is now out of action and cannot flex the distal interphalangeal joints of the ring
and little fingers. Wasting of interossei eventually becomes obvious on the dorsum of the hand, giving
the appearance of ‘guttering’ between the metacarpals. There is variable sensory loss on the ulnar
side of the hand and on the little and ring fingers but often less than might be expected.




Figure 2.50 ‘Claw hand’ due to a lesion of the ulnar nerve at the wrist.

Testing for abduction of the index finger by the first dorsal interosseous assesses small muscle
function in the hand that is dependent on an intact ulnar nerve supply. Paralysis of the ulnar half of
flexor digitorum profundus by a high lesion can be detected by the inability to flex the distal
interphalangeal joint of the little finger.

Surgical approach. Exposure of the ulnar nerve in the arm is along the medial border of biceps,
where the nerve is medial to the brachial artery. At the elbow it is easily approached behind the
medial epicondyle, and in the forearm it can be followed upwards from the pisiform, where it lies
between the bone and ulnar artery, by displacing flexor carpi ulnaris medially.

Median nerve

This is most commonly injured at the wrist—by cuts, or compression in the carpal tunnel.
Theoretically there is sensory loss over the radial three fingers and radial side of the palm, but the
only autonomous areas of median nerve supply are over the pulp pads of the index and middle fingers.
With high lesions of long duration, there is wasting of the front of the forearm because the long flexors
(except flexor carpi ulnaris and half of flexor digitorum profundus) and the pronators are paralysed.
Typically the hand is held with the index finger straight, in the ‘pointing finger’ position, often with
all other fingers flexed, including the middle finger. Although the part of flexor digitorum profundus to
the middle finger tendon usually has a median supply (like the whole of superficialis), its close
connection with the part supplied by the ulnar nerve can lead to middle finger flexion, and this part of
the muscle may even be supplied by the ulnar nerve. Furthermore the branch to the index finger part of
the flexor digitorum superficialis arises near the mid-forearm, rather than in the cubital fossa. For
high lesions, test flexor pollicis longus and finger flexors by pinching together the pads of thumb and
index finger. Following lesions at wrist level, abduction of the thumb is not possible, and in
longstanding cases there 1s wasting of the thenar eminence (especially abductor pollicis brevis).

Surgical approach. In the mid-arm the median nerve is easily exposed by incision along the medial
border of biceps, where the nerve is anterior to the brachial artery, and in the cubital fossa they lie
medial to the biceps tendon. In the forearm it is displayed by detaching the radial head of flexor



digitorum superficialis from the radius and turning the muscle medially to show the nerve adhering to
its deep surface. Relief of compression in the carpal tunnel involves dividing the flexor retinaculum
longitudinally on the ulnar side of the nerve, to avoid damage to the muscular (recurrent) branch
which usually arises immediately distal to the retinaculum and curves radially into the thenar muscles.
The incision is sited just medial to the prominent skin crease at the base of the thenar eminence to
avoid damage to the palmar cutaneous branches of the median and ulnar nerves.



Part twelve. Osteology of the upper limb

Clavicle

The clavicle 1s longer and its curvatures are more pronounced in the male. The medial two-thirds is
rounded and convex forwards. The lateral one-third is flat, and curves back to meet the scapula. The
upper surface is smoother than the lower. The bone lies horizontally and is subcutaneous, crossed
superficially by the supraclavicular nerves.

The bulbous sternal end (Fig. 2.7) has a facet for the sternoclavicular joint. The articular area extends
to the under surface, for articulation with the first costal cartilage (Fig. 2.51), and is covered in life
by fibrocartilage. The capsule and synovial membrane are attached around the margin of the articular
surface. The upper surface receives the interclavicular ligament alongside the capsule attachment.

Figure 2.51 Left clavicle, from below.

The clavicular head of sternocleidomastoid arises from the medial third of this surface. Anteriorly,
pectoralis major is attached to the medial half and the lateral third gives origin to deltoid. Trapezius
is attached to the lateral third posteriorly. Two layers of cervical fascia surround sternocleidomastoid
and trapezius and are attached separately to the bone between these muscles, at the base of the
posterior triangle (Fig. 2.2).

The lower surface shows a rough area next to the sternal end for attachment of the costoclavicular
ligament. A groove for subclavius occupies the middle third of this surface and the clavipectoral
fascia is attached to the margins of the groove (Fig. 2.2). A nutrient foramen extends laterally in this
groove. At the junction of the lateral fourth and the rest of the shaft the conoid tubercle marks the
attachment of the conoid ligament (Fig. 2.8). From here the rough trapezoid ridge extends obliquely
to near the lateral articular facet and provides attachment for the trapezoid ligament.

The acromial end has a facet which faces laterally and slightly downwards for articulation with the
acromion. The capsule and synovial membrane are attached to the margin of the articular surface,
which like that at the sternal end 1s covered by fibrocartilage.

Fracture of the clavicle 1s common; when due to indirect violence as in a fall on the outstretched
hand, the break is always between the costoclavicular and coracoclavicular ligaments, each of which
is stronger than the clavicle itself.

Ossification. The clavicle is the first bone to begin ossifying in the fetus. It does so in membrane
from two centres, which ossify at the fifth week and rapidly fuse. A secondary centre appears at the



sternal end during the late teens and fuses rapidly. In keeping with its development in membrane, the
articular surfaces at both ends of the clavicle are covered by fibrocartilage.

Scapula

The scapula is a flat triangular bone. The lateral angle is thick to accommodate the glenoid cavity, and
projected upwards into the bent coracoid process (Figs 2.52 and 2.53). The lateral border is thick
down to the inferior angle. The rest of the blade is composed of thin, translucent bone. From the upper
part of the dorsal surface a triangular spine projects back and extends laterally as a curved plate of
bone, the acromion, over the shoulder joint (Fig. 2.13).

Rrdges for miltmmuscistal iseions ol subscapulins

Figure 2.52 Right scapula: anterior aspect.
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Figure 2.53 Right scapula: posterior aspect.

The costal surface is concave, and marked by three or four ridges that converge from the medial
border towards the lateral angle. These give attachment to fibrous septa from which the multipennate
fibres of subscapularis arise. This muscle is attached to the medial two-thirds of the costal surface.
The lateral third is bare and separated from the overlying muscle by the subscapularis bursa. The
medial margin of the costal surface receives the insertion of serratus anterior. The first two
digitations are attached from the superior angle down to the base of the spine. The next two
digitations are thinned out from this level down to the inferior angle, while the last four digitations
converge to a roughened area on the costal surface of the inferior angle.

The upper border of the blade slants downwards and laterally to the root of the coracoid process,
beside which it dips to form the scapular notch, which lodges the suprascapular nerve. The notch is
bridged by the suprascapular ligament. The inferior belly of omohyoid arises from this ligament and
the nearby scapular upper border. The medial (vertebral) border, from superior to inferior angle,
gives edge to edge attachment to levator scapulae, rhomboid minor and rhomboid major. The lateral
(axillary) border extends from the glenoid cavity to the inferior angle. Just below the glenoid fossa is
the infraglenoid tubercle (this may be depressed into a fossa), which gives origin to the long head of
triceps.

The dorsal surface of the blade is divided by the backwardly projecting spine into a small
supraspinous and a large infraspinous fossa. The supraspinatus and the infraspinatus arise from the
medial two-thirds of their respective fossae and the adjacent area of the spine. Teres major arises
from a large oval area at the inferior angle, and teres minor from an elongated narrower area dorsal to
the lateral border. This origin of teres minor is commonly bisected by a groove made by the



circumflex scapular vessels.

The thick spine projects back from a horizontal attach-ment on the dorsal surface of the blade. It is
twisted a little, so its posterior border slopes upwards towards the acromion. Its free lateral border is
concave outwards, forming a notch with the back of the lateral angle. The suprascapular vessels and
nerve run across this notch to reach the infraspinous fossa. The rectangular acromion projects
forwards from the lateral end of the spine. The dorsal surface of the spine and acromion are
subcutaneous and palpable. Trapezius is attached to the medial border of the acromion and the upper
margin of the spine. The attachment curves around a tubercle just lateral to the medial end of the
spine; the lowermost fibres of trapezius converge here. The medial end of the spine is smooth and
separated from trapezius by a bursa. Deltoid arises along the inferior margin of the spine and from the
posterior, lateral and anterior borders of the acromion. Along its lateral border the acromion shows
four or more vertical ridges for attachment of septa in the multipennate central mass of the deltoid.
Close to the anterior end of the medial border is the facet for the acromioclavicular joint. In front of
the facet the fibres of the coracoacromial ligament converge (Fig. 2.12). Beneath this ligament and the
bare bone of the acromion the subacromial (subdeltoid) bursa lubricates the tendon of supraspinatus
and the rotator cuff. Above the coracoacromial ligament the deltoid origin continues across the
acromion to the lateral part of the clavicle.

The lateral angle of the scapula is wedge-shaped, broadening from the narrow neck out to the
prominent margins of the glenoid cavity. The upper part of this wedge-shaped bone is projected
upwards as the base of the coracoid process. The cavity does not face directly lateral, but peeps
forwards a little around the convexity of the chest wall. The margins of the cavity are made more
prominent by the attachment of the glenoid labrum. At the upper end of the glenoid rim is the
supraglenoid tubercle, for attachment of the long head of biceps within the shoulder joint capsule.
The capsule is attached to the labrum and to the surrounding bone; The infraglenoid tubercle lies
below this.

The coracoid process rises from its broad base and curves forward and outward like a bent finger. Its
tip is palpable by pressing backwards and laterally just below the clavicle, under cover of the
anterior margin of deltoid. The process is for muscle and ligament attachments, the ligaments being
indispensable to the stability of the pectoral girdle. The conoid ligament is attached by its apex to the
knuckle of the coracoid process (Figs 2.52 and 2.53). From here a line runs towards the tip for
attachment of the trapezoid ligament. The lateral margin of the process gives attachment to the base of
the coracoacromial ligament. The weaker coracohumeral ligament sweeps from the undersurface of
the coracoid process to the anatomical neck of the humerus. The pectoralis minor is attached to the
medial border and upper surface of the coracoid process. To the tip is attached the short head of
biceps and the coracobrachialis.

Ossification. The scapula ossifies in cartilage from several centres. Ossification commences in the
eighth week of intrauterine life. Secondary centres for the acromion, coracoid process, glenoid cavity,
medial border and inferior angle appear at about puberty, and fuse by about 20 years. The base of the
coracoid process and the upper part of the glenoid cavity ossify from the same centre (Fig. 2.8).

Humerus

The shaft of the humerus expands above into an upper end whose articular surface looks upwards,



inwards and backwards (Fig. 2.54). The lower part of the shaft curves gently forwards to a flat lower
end projected into medial and lateral epicondyles, between which lie the capitulum and trochlea for
articulation at the elbow joint. The medial epicondyle projects in the same direction as the articular
surface of the head and i1s much more prominent than the lateral epicondyle.

The upper end, expanded above the shaft, consists of the convex articular surface and the tubercles
(tuberosities) (Fig. 2.54). The articular surface is the head, and the articular margin is the anatomical
neck. At the junction of the expanded upper end and the shaft is the surgical neck; the axillary nerve
and 1ts accompanying vessels wind round behind it. Fractures tend to occur here in the elderly.

The head (articular surface) forms about one-third of a sphere and is about four times the area of the
glenoid cavity of the scapula. It is coated with hyaline cartilage. At rest its lower and anterior
quadrant articulates with the glenoid cavity, giving a good range of lateral rotation and abduction
from this position. The capsule of the shoulder joint, bridging the bicipital sulcus as the transverse
ligament, is attached to the articular margin except medially, where it extends down along the shaft for
2 cm, here enclosing the epiphyseal line.

The lesser tubercle (tuberosity) projects prominently forwards, and is continued downwards as the
medial lip of the bicipital sulcus. The tendon of subscapularis is inserted on the tubercle and teres
major on the medial lip. The intertubercular sulcus (formerly the bicipital groove) lies on the
anterior surface of the upper end. It is bridged above by the transverse humeral ligament, deep to
which the long tendon of biceps leaves the joint. The floor of the sulcus receives the tendon of
latissimus dorsi.

The greater tubercle (tuberosity) projects laterally and is bare except at its projecting junction with
the head, where there are three smooth facets for insertion of the tendons of scapular muscles.
Superiorly is the facet for supraspinatus, behind this the facet for infraspinatus, while posteriorly the
lowest facet receives teres minor (Fig. 2.55). The lateral lip of the bicipital sulcus extends down
from the anterior margin of the greater tubercle and receives the tendon of pectoralis major.
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Figure 2.55 Left humerus: posterior aspect.

Much of the shaft is triangular in section. The deltoid tuberosity is at the middle of the lateral side of
the shaft. The tuberosity is a V-shaped prominent ridge, with a smaller ridge between, the three giving
attachment to fibrous septa in the multipennate acromial fibres of the deltoid. Below the deltoid
tuberosity the lower end of the radial groove spirals down. The lower margin of the groove continues
as the lateral supracondylar ridge which runs down to the lateral epicondyle. The ridge gives
attachment to the lateral intermuscular septum. The less marked medial supracondylar ridge runs
down to the prominent medial epicondyle. The ridge gives attachment to the medial intermuscular
septum. Level with the lower part of the deltoid tuberosity the nutrient foramen, directed down
towards the elbow, lies in front of this medial border of the humerus. Above this foramen, opposite
the deltoid tuberosity, coracobrachialis is inserted. The flexor surface of the humerus, between the
supracondylar ridges, gives origin to brachialis and this extends upwards to embrace the deltoid
tuberosity, reaching the lower part of the spiral groove and the area between the tuberosity and the
insertion of coracobrachialis.

Viewed from behind, the shaft appears twisted due to the radial groove as it runs downwards and
laterally. The lateral (superior) lip of this groove gives attachment to the lateral head of triceps. The
medial head of triceps arises from the whole shaft between the supracondylar ridges up to the medial
(inferior) lip of the groove. Between the origins of medial and lateral heads the radial nerve and
profunda brachii vessels lie in the radial groove.

The lower end of the humerus carries the articular surface for the elbow joint and is projected into
medial and lateral epicondyles for attachment of muscles for the flexor and extensor compartments of
the forearm. Anterior and posterior appearances are quite different. The articular surface, coated with
hyaline cartilage, is the conjoined capitulum and trochlea. The capitulum, for articulation with the
head of the radius, is a section of a sphere. It projects forwards and inferiorly from the lateral part
and is not visible from the posterior aspect. The trochlea articulates with the trochlear notch of the
ulna and, unlike the capitulum, extends also to the posterior surface. Its medial margin is a sharp ridge
curving prominently from front to back around the lower end of the humerus. The medial part of the
trochlea is at a more distal level than the capitulum, which is a causative factor for the carrying angle
at the elbow.

The anterior surface of the shaft of the lower end of the humerus shows a shallow coronoid fossa
above the trochlea and a shallow radial fossa above the capitulum. A deep olecranon fossa is seen on
the posterior surface. The capsule of the elbow joint is attached to the ridges that form the margins of
the capitulum and trochlea and to the shaft of the humerus above the coronoid and radial fossae in
front and the olecranon fossa behind.

The medial epicondyle has a smooth facet on its anterior surface for the common flexor origin of
forearm muscles. Pronator teres arises also from the medial supracondylar ridge just above this.
Posteriorly, between the epicondyle and the curving ridge of the trochlea, is a groove which lodges
the ulnar nerve. On the distal border of this epicondyle is a small facet for attachment of the ulnar
collateral (medial) ligament of the elbow joint.



The lateral epicondyle has a smooth facet on its anterior surface for the common extensor origin of
forearm muscles. Above this brachioradialis arises from the upper two-thirds and extensor carpi
radialis longus from the lower one-third of the lateral supracondylar ridge. At the distal border of the
epicondyle the radial collateral (lateral) ligament of the elbow and the superficial fibres of supinator
are attached. Anconeus arises from the posterior surface.

Surgical approach. The shaft can be exposed from the front by opening up the deltopectoral groove,
and lower down by retracting the musculocutaneous nerve with biceps medially and by splitting
brachialis vertically. The splitting incision is made anterolaterally and obliquely towards the middle
of the front of the shaft, to keep well away from the brachial artery and median nerve. The radial
nerve must be remembered when stripping periosteum from the lateral side of the lower part of the
shaft. Exposure of the shaft from behind involves opening up the interval between the long and lateral
heads of triceps and splitting the medial head vertically in the midline, avoiding the profunda vessels
and the radial nerve with its branches to triceps.

Ossification. A primary centre appears in the centre of the shaft at the eighth week. Upper and lower
ends are cartilaginous at birth. Three secondary centres appear at the upper end for the head, greater
and lesser tubercles in the first few years after birth. They fuse into a single bony epiphysis. This is
the growing end of the bone and fusion occurs with the shaft at about 20 years. Four secondary centres
appear at the lower end. The three centres that form the trochlea, capitulum and lateral epicondyle
fuse into a single epiphysis, which fuses with the shaft at about 15 years. The medial epicondyle
remains as a separate centre, which fuses with a downward projection of the shaft at about 20 years.
This late fusion needs to be kept in mind when interpreting radiographs of the elbow region in
adolescents.

Radius

The radius has a cylindrical head, which articulates with the capitulum of the humerus, connected by a
shaft with a broad distal end, which articulates with the scaphoid and the lunate (Fig. 2.56).




Figure 2.56 Left radius and ulna, from the front, with sites of muscle attachment indicated.

The head 1s cylindrical and is covered with hyaline cartilage. It is palpable in the depression behind
the lateral side of the extended elbow, where it can be felt rotating in pronation—supination
movements. A spherical hollow forms the upper surface, to fit the capitulum. The cylindrical
circumference is vertically deepest on the medial side where it articulates with the radial notch of the
ulna, while the rest of the circumference articulates with the annular ligament. The narrow neck is
enclosed by the tapered lower margin of the annular ligament, below which the loose fibres of the
quadrate ligament are attached on the medial side.

The shaft is characterized at its upper end by an oval prominence, the radial tuberosity, projecting
towards the ulna. The biceps tendon is attached along the posterior lip, and a bursa lies against the
anterior surface of the tuberosity. From the anterior margin of the tuberosity the anterior oblique line
forms a ridge that runs down to the point of greatest convexity of the shaft. It is mirrored by a similar,
but less prominent, posterior oblique line on the extensor surface of the shaft. Between the two
oblique lines the shaft is cylindrical and receives the insertion of supinator. Pronator teres is attached
to the greatest convexity of the radius at the middle of its lateral border.

Below the tuberosity the shaft is pinched into a ridge for the interosseous membrane of the forearm.
The oblique cord is attached at the upper end and passes up to the ulna; the fibres of the interosseous
membrane pass down to the ulna. On the flexor surface the flexor digitorum superficialis is attached
to the anterior oblique line, and flexor pollicis longus arises below this down to pronator quadratus.
The lower part of the flexor surface is hollowed out above the expanded lower extremity; here
pronator quadratus is inserted into the lower one-fifth of the shaft. On the extensor surface below the
posterior oblique line is the oblique origin of abductor pollicis longus and distal to this is the origin
of extensor pollicis brevis.



The lower end of the bone 1s expanded and rectangular in transverse section. The ulnar surface shows
a notch for articulation with the head of the ulna. Above this is a triangular area which receives
pronator quadratus and has the interosseous membrane attached to its posterior edge.

Laterally the lower end is projected into the pyramidal styloid process, to the tip of which the radial
collateral ligament of the wrist joint is attached and into whose base the tendon of brachioradialis is
inserted. The extensor retinaculum is attached to the anterolateral border above the styloid process.
This fascial band runs obliquely to its distal attachment on the ulnar side of the carpus. Septa pass
from its deep surface to the radius, making six compartments for the extensor tendons. Three
compartments lie on the posterior surface of the lower end of the radius, a fourth over the radioulnar
joint, a fifth lies over the head of the ulna (Fig. 2.57). The tendons of abductor pollicis longus and
extensor pollicis brevis lie in a single compartment on the lateral surface. On the posterior surface a
broad groove lies lateral to the prominent dorsal tubercle (of Lister). It lodges the flat tendons of
extensors carpi radialis longus and brevis, sharing a single compartment. On the ulnar side of the
dorsal tubercle is a narrow groove that lodges the tendon of extensor pollicis longus in a separate
compartment. Between this and the ulnar notch is another broad groove. In the one compartment here
lie the four tendons of extensor digitorum with the tendon of extensor indicis deep to them. The tendon
of extensor digiti minimi crosses the radioulnar joint in a separate compartment.

Figure 2.57 Left radius and ulna, from behind, with sites of muscle attachment indicated.

Inferiorly the articular surface for the wrist joint has two concave areas covered with hyaline
cartilage. The ulnar (medial) surface is square, and articulates with the lunate. To the right-angled
border between this surface and the ulnar notch is attached the triangular fibrocartilage which



separates the distal radioulnar and wrist joints from each other. The lateral concave area is triangular,
with its apex on the styloid process. It articulates with the scaphoid.

This expanded lower end takes the full thrust (via the thenar eminence) of a fall on the outstretched
hand, and may lead to Colles' fracture of the lower end. The distal fragment characteristically
undergoes lateral and dorsal rotation and displacement, with impaction.

Surgical approach. The head 1s exposed as for the lateral approach to the elbow joint (see p. 64) by
detaching the common extensor origin from the lateral epicondyle of the humerus and incising the
capsule. The shaft is exposed from the front. At the upper end brachioradialis and the two radial
extensors are mobilized laterally and supinator with its underlying periosteum is detached from the
bone, working laterally from the radial tuberosity with the posterior interosseous nerve sandwiched
within the muscle. The nerve will not be damaged if the full thickness of the muscle with its
underlying periosteum is gently retracted from the bone. Lower down the shaft is exposed between
brachioradialis laterally and flexor carpi radialis medially, while the lower end can be approached
lateral to flexor carpi radialis by detaching pronator quadratus from the radius and turning it medially.
The radial artery lateral to the flexor carpi radialis tendon and the median nerve medial to it need to
be safeguarded.

Ossification. The radius starts ossifying in cartilage from a centre in the middle of the shaft at the
eighth week. There are secondary centres for the head and the lower end. The lower 1s the growing
end. The upper epiphysis fuses at about 15 years and the lower epiphysis at about 20 years.

Ulna

The ulna tapers in the reverse way to the radius; it is large above and small at its distal extremity,
where the head is situated (the head of the radius is at its upper end) (Figs 2.56 and 2.57).

The upper end has two projections, with a saddle-shaped articular surface between them. They are
the olecranon and coronoid process, and they grip the trochlear surface of the humerus.

The olecranon is the posteriorly situated proximal extension of the shaft, subcutaneous and easily
palpable, and in extension of the elbow it is lodged in the olecranon fossa of the humerus. It is bent
forwards and has an upper surface that receives the tendon of triceps over a wide area, and has an
anterior border that forms a sharp undulating lip at the articular margin; the capsule of the elbow joint
is attached just behind this lip. The triangular posterior surface is subcutaneous; the olecranon bursa
lies on it. The sides of the triangle are continued below the apex into the sinuous subcutaneous border
of the shaft; they give attachment to the deep fascia of the forearm. Flexor digitorum profundus arises
from the medial surface of the olecranon. At the upper angle of this area the posterior band of the
ulnar collateral (medial) ligament of the elbow is attached. Anconeus is inserted on to the lateral
surface of the olecranon.

The coronoid process projects forwards from the upper end of the shaft. Its anterior lip is thin and
abuts on the articular margin. Medially this lip shows a prominent smooth elevation, the ‘sublime’
tubercle. Flexor digitorum superficialis is attached here, and deep to this the ulnar collateral (medial)
ligament of the elbow. The ulnar nerve lies in contact with the ligament (Fig. 2.25). Distal to the
tubercle the deep head of pronator teres is attached to the medial border of the coronoid process. The



concave anterior surface of the coronoid process receives the insertion of brachialis, the rough lower
part of this surface forming the u/nar tuberosity.

The lateral surface of the coronoid process carries a concave facet, the radial notch for the head of
the radius, and this surface is covered with hyaline cartilage, continuous with that of the trochlear
surface. The anterior and posterior margins of the notch give attachment to the annular ligament, while
the quadrate ligament is attached to the shaft just below the notch. Just below this the oblique cord is
attached.

Between the projections of the olecranon and coronoid process is a deeply saddle-shaped surface, the
trochlear notch. Convex from side to side, it is concave from top to bottom and fits the trochlea of the
humerus. It is covered with hyaline cartilage, which is sometimes constricted in an hour-glass shape
or even separated into two surfaces, one on the olecranon and one on the coronoid process. The
capsule of the elbow joint is attached around the margins of the trochlear notch and the radial notch;
thus the elbow and proximal radioulnar joints form one cavity.

The shaft 1s angled somewhat laterally from the line of the trochlear notch to form the carrying angle
(Fig. 2.32). From the posterior margin of the radial notch a vertical ridge runs distally. It is the
supinator crest. The supinator takes origin from the crest and the concave area in front of it. At the
middle of the shaft a prominent ridge, the interosseous border, projects laterally; the interosseous
membrane is attached here. The narrow extensor surface lies between the interosseous border and the
subcutaneous posterior border. The broad flexor surface extends around the medial side to the same
subcutaneous border; flexor digitorum profundus arises from the flexor surface. Pronator quadratus
arises from a ridge on the flexor aspect of the lower shaft. To the subcutaneous border is attached an
aponeurosis which is common to flexor digitorum profundus, flexor carpi ulnaris and extensor carpi
ulnaris. Abductor pollicis longus, extensor pollicis longus and extensor indicis take origin from the
extensor surface in that order from proximal to distal (Fig. 2.34).

The lower end expands into a small rounded prominence, the sead of the ulna. Its radial and distal
surfaces are covered with hyaline cartilage, for articulation with the ulnar notch of the radius and the
articular disc of the wrist joint. This triangular fibrocartilage is attached by its apex to the base of the
styloid process, which projects distally from the medial margin of the lower end. This is smaller than
the radial styloid which extends about 1 cm more distally. A groove alongside the process, on the
extensor surface, lodges the tendon of extensor carpi ulnaris (Fig. 2.34).

Surgical approach. Being subcutaneous at the back, the bone is easily exposed by incising along the
posterior border. The periosteum is elevated and the aponeurotic origins of flexors carpi ulnaris and
digitorum profundus retracted medially and that of extensor carpi ulnaris retracted laterally.

Ossification. The ulna starts ossifying in cartilage at the eighth week. There is a secondary centre for
the head, the growing end, which fuses with the shaft at about 18 years. Two secondary centres
contribute to the development of the olecranon; they join the shaft at about 16 years.

Bones of the hand

The articulated bones of the hand are made up of a carpus (eight bones), five metacarpal bones and
the phalanges of the five digits.



Carpus

The eight carpal bones articulated together form a semicircle, the convexity of which is proximal and
articulates with the forearm. The diameter of the semicircle is distal, and articulates with the
metacarpal bases (Fig. 2.58). The flexor surface of the carpus is deeply concave to accommodate the
flexor tendons. The extensor surface is gently convex and the extensor tendons pass across it.

Figure 2.58 Bones of the left hand: palmar surface.

The eight carpal bones lie in two rows. In the proximal row are the scaphoid, lunate and triquetral,
which together form the convexity of the semicircle. The pisiform completes the proximal row by
articulating with the front of the triquetral. The four bones of the distal row are the trapezium,
trapezoid, capitate and hamate. They articulate with the bones of the proximal row by the midcarpal
joint. The bones of each row articulate with each other by intercarpal joints that extend proximally
and distally from the S-shaped midcarpal joint.

The scaphoid (boat-shaped) bone has a convex, articular proximal surface for the radius that extends
on to the dorsal aspect. There is a flat surface medially for the lunate and a concavity distomedially
for the capitate. The distal convex surface articulates with trapezium and trapezoid. The tubercle is a
blunt prominence to the thumb side of the distal surface, and is palpable. The narrow middle third or
waist of the bone is non-articular. The scaphoid is palpable in the snuffbox distal to the radial styloid
(Fig. 2.35). It is perforated, especially on its dorsal surface, by vascular foramina. These are more
numerous distally and the blood supply to the proximal part is retrograde. A fracture across the waist
may result in avascular necrosis of the proximal fragment. The scaphoid is the carpal bone most
commonly fractured and is second only to the femoral head in its frequency of traumatic avascular
necrosis. If it needs to be approached surgically the route is from the front between the flexor carpi
radialis tendon medially and the radial artery laterally, so exposing the wrist joint capsule, which is
incised to reach the bone.

The lunate (semilunar) bone shows a convex proximal facet for the radius and the articular disc of



the wrist joint, which extends on to the dorsal aspect. To each side there is a facet for the adjoining
bones (scaphoid and triquetral) of the proximal row, and there is a concavity distally for the capitate.
The palmar surface is broader than the dorsal surface. The lunate is the carpal bone most commonly
dislocated and is displaced anteriorly; when this occurs compression of the median nerve in the
carpal tunnel is a complication.

The triquetral bone has an oval facet on the distal palmar surface for the pisiform. The proximal
surface is smooth for articulation with the capsule and disc of the wrist joint. Distally the triquetral
articulates with the hamate, and laterally with the lunate.

The pisiform has a flat surface for articulation with the triquetral, and the convexity of the remainder
of the bone leans somewhat towards the radial side, over the concavity of the carpus.

The trapezium articulates with the adjacent trapezoid, and these together by concave facets fit the
distal convexity of the scaphoid. A distal articular surface, saddle-shaped, is for the thumb
metacarpal, and this is a separate synovial joint. The trapezium articulates narrowly with the tubercle
on the base of the index-finger metacarpal. There is a prominent ridge (tubercle) with a groove on its
medial side lying obliquely on the palmar surface. The tendon of flexor carpi radialis runs in the
groove. The radial artery is related to the dorsal surface.

The trapezoid is a small bone that lies wedged between trapezium and capitate, articulating
proximally with the scaphoid and distally with the index-finger metacarpal.

The capitate is the largest of the carpal bones. It lies between the hamate medially and the trapezoid
and scaphoid laterally. Proximally its convex surface fits the distal concavity of the lunate. Distally it
articulates with the base of the middle and a tiny part of the ring-finger metacarpals.

The hamate is wedge-shaped. Proximally the thin edge of the wedge articulates with the lunate, while
distally the base articulates with the fourth and fifth metacarpals. The lateral surface articulates with
the capitate and the medial surface with the triquetral. The palmar surface is projected as a hook-like
flange that overhangs the anterior concavity of the carpus distal to the pisiform. A slight groove on the
distal surface of the base of the hook makes contact with the deep branch of the ulnar nerve.

Metacarpus

The thumb metacarpal is shorter and thicker than the others. Its base has a saddle-shaped facet for the
trapezium. The convex facet on its head is not so prominently rounded as those of the other four
metacarpals (Fig. 2.58); the flexor margin of the facet is grooved for the sesamoids of the thenar
muscles. The shaft is set at right angles to the plane of the other four, so that its flexor surface faces
across the palm.

The remaining four metacarpals show expanded bases by which they articulate with the distal row of
carpal bones and with each other. The middle metacarpal shows a prominent styloid process that
projects dorsally into the angle between capitate and trapezoid (Fig. 2.59). The heads carry boldly
rounded articular facets which extend further on the flexor than the extensor surface. The four
metacarpal bones together form a gentle concavity for the palm. Their heads form the knuckles of the
fist.



Figure 2.59 Bones of the left carpus and metacarpus: dorsal surface.

Phalanges

Two phalanges form the thumb, three form each finger. Each of the five proximal phalanges has a
concave facet on the base, for the head of its own metacarpal. Middle and distal phalanges carry a
facet on each base that is divided by a central ridge into two concavities. The heads of the proximal
and middle phalanges are correspondingly trochlea-shaped, with their facets on the distal and flexor
surfaces, not on the extensor surface. Each distal or terminal phalanx expands distally into a
tuberosity, roughened on the flexor surface for attachment of the digital fibrofatty pad.

Sesamoid bones

The pisiform is a sesamoid bone in the tendon of flexor carpi ulnaris, but it is included in the carpus
as a functional constituent of its bony skeleton. In the thumb a pair of sesamoid bones articulate with
the flexor surface of the metacarpal head. That on the radial side lies in the tendon of flexor pollicis
brevis, and that on the ulnar side in the tendon of adductor pollicis. Sesamoid bones are commonly
found also at the other metacarpal heads, especially the fifth and second, lodged in the palmar capsule
of the metacarpophalangeal joints, and occasionally at the interphalangeal joints. Fibrocartilaginous
at first, they ossify generally soon after puberty.

Ossification

The carpus is all cartilaginous at birth. The largest carpal bone, the capitate, ossifies first (first year)
and the smallest, the pisiform, ossifies last (tenth year). The others ossify in sequence, according to
their size, and the whole carpus, except the sesamoid pisiform bone, is ossified by the seventh year.
The shafts of all the metacarpals and phalanges ossify in utero. Secondary centres of ossification
develop at the bases of all the phalanges and the thumb metacarpal. The metacarpals of the second,
third, fourth and fifth digits develop secondary centres at their heads.

Surface features

On the flexor surface the tubercle of the scaphoid and the pisiform are palpable in the distal skin
crease of the wrist, which marks the proximal extent of the flexor retinaculum. The proximal skin
crease (or the middle crease if three are present) marks the wrist joint (Fig. 2.60). The ridge of the
trapezium and the hook of the hamate are each palpable deep to their overlying muscles; pressure on
the overlying digital branches of the ulnar nerve may cause pain when palpating the latter. The
prominence of the metacarpal heads can be felt in the palm; they mostly lie along the distal skin



crease of the palm. In the snuffbox, distal to the radial styloid, the scaphoid, trapezium and base of the
thumb metacarpal can be felt. The lunate, too deep to be readily felt on the flexor surface, is easily
palpable midway between radial and ulnar styloids on the extensor surface; it rolls prominently under

the palpating fingertip during full flexion of the wrist.

Figure 2.60 Surface projections of some bony features of the left wrist and hand and skin creases.
The proximal wrist crease indicates the level of the wrist joint. The metacarpophalangeal joints

are far proximal to the interdigital webs.




Chapter 3. Lower limb



General plan

The human lower limb is built for support and propulsion. The two hip bones articulate with one
another in front at the pubic symphysis, and each is firmly fixed to the lateral part of the sacrum by the
relatively immobile sacroiliac joint. The rigid bony pelvis thus produced transmits the body weight
through the acetabulum of the hip bone to the lower limb and likewise transmits the propulsive thrust
of the lower limb to the hip bone. In sitting, body weight is transmitted to the ischial tuberosities and
the legs are free to rest.

The fixation of the hip bones restricts movements in the hip region compared with the shoulder, but a
wide range of flexion—extension movements and a lesser degree of abduction—adduction are still
possible. At the knee and ankle flexion and extension are the essential movements (although some
rotation occurs at the knee), while in the foot there are limited movements at small joints.

Although the lower limb is commonly called the leg, this term strictly refers to the region between
knee and foot. Above the knee is the thigh, which can be divided into three compartments: anterior or
extensor; medial or adductor; and posterior or flexor. (The limb rotates medially during development
and the original dorsal or extensor surface becomes anterior, and the ventral or flexor surface
becomes posterior.) The gluteal region or buttock lies behind the pelvis and hip, above the posterior
compartment of the thigh. The leg proper also has three compartments: anterior or extensor; lateral or
peroneal; and posterior or flexor (calf). The foot has a dorsum or upper surface and a sole or plantar
surface.



Part one. Anterior compartment of the thigh

Subcutaneous tissue

The fat of the front of the thigh contains cutaneous nerves, lymphatic vessels and nodes, the
termination and tributaries of the great saphenous vein and cutaneous branches of the femoral artery.

Superficial nerves

The cutaneous branches of the lumbar plexus that supply the front and sides of the thigh are derived
from the first three lumbar nerves. They are the ilioinguinal, femoral branch of the genitofemoral,
medial, intermediate and lateral femoral cutanecous nerves, and the anterior branch of the obturator
nerve (Fig. 3.46). All these nerves supply fascia lata as well as skin. The dermatomes of the lower
limb are illustrated on page 14.

Figure 3.46 Cutaneous nerves of the right lower limb, their areas of distribution and segmental
origins: anterior aspect.

The ilioinguinal nerve is the collateral branch of the iliohypogastric, both being derived from the first
lumbar nerve. It has no lateral but only a terminal cutaneous distribution. In the anterior abdominal
wall it lies in the neurovascular plane between the internal oblique and transversus abdominis
muscles and supplies their lower fibres. It then pierces internal oblique and passes down deep to the
external oblique (see Fig. 5.7, p. 226) to emerge on the front of the cord through the superficial
inguinal ring. Piercing the external spermatic fascia its chief distribution is to the skin of the root of
the penis and the anterior one-third of the scrotum, but it supplies also a small area of thigh below the
medial end of the inguinal ligament.




The genitofemoral nerve is derived from the first and second lumbar nerves, but fibres from only L1
pass into the femoral branch. This branch is given off from the nerve as it lies on psoas major. It runs
down on the external iliac artery and passes beneath the inguinal ligament into the femoral sheath. It
pierces the anterior wall of the sheath and the overlying fascia lata below the middle of the inguinal
ligament (Fig. 3.1) to supply skin over the femoral triangle. The genital branch passes through the
deep ring with the other constituents of the spermatic cord (see p. 228).

Farscan bata Gragy| saphanous \in

Figure 3.1 Left femoral ring and sheath. The femoral canal, vein and artery are within the sheath;
the nerve is outside it.

The medial femoral cutaneous nerve is a branch of the femoral nerve (L2, 3). Inclining medially
across the femoral vessels it pierces the fascia lata at the mid-thigh and supplies the medial side of
the thigh; its terminal twigs join the patellar plexus (see below).

The intermediate femoral cutaneous nerve (L2, 3) is also a branch of the femoral nerve. It passes
vertically downwards, usually pierces sartorius, and then pierces the fascia lata at a higher level than
the medial cutaneous nerve to supply the front of the thigh as far down as the knee, where its terminal
twigs join the patellar plexus.

The lateral femoral cutaneous nerve is a branch of the lumbar plexus (L2, 3). Passing from the
lateral border of psoas major across the iliac fossa it lies at first behind the fascia iliaca; but
approaching the inguinal ligament it inclines forwards and is incorporated within the substance of the
iliac fascia, which is here a thick tough membrane (Fig. 3.1). The nerve now passes behind or pierces
the inguinal ligament a centimetre to the medial side of the anterior superior iliac spine (Fig. 3.2).
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Figure 3.2 Left femoral triangle and adductor canal. Part of sartorius has been removed to show
the contents of the canal.

The nerve enters the thigh deep to the fascia lata, and divides into anterior and posterior branches
which pierce the fascia lata separately. The anterior branch is distributed along the anterolateral
surface of the thigh, and its terminal twigs enter the patellar plexus. The posterior branch supplies the
skin on the posterolateral aspect from the level of the greater trochanter to the mid-thigh.

The nerve is sometimes compressed as it passes through the inguinal ligament, causing pain and
altered sensation in the lateral side of the thigh (meralgia paraesthetica). Less commonly the nerve
may be compressed as it passes through the iliac fascia. Surgical treatment of this condition requires
division of the inguinal ligament and freeing the nerve of any fascial compression.

The obturator nerve (L2—4) sends a twig from its anterior division into the subsartorial plexus,
whence cutaneous branches pass to skin over the medial side of the thigh (Figs 3.46 and 3.47).
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Figure 3.47 Cutaneous nerves of the right lower limb, their areas of distribution and segmental
origins: posterior aspect.

Patellar plexus

This is a fine network of communicating twigs in the subcutaneous tissue over and around the patella
and patellar ligament. It is formed by the terminal branches of the medial and intermediate femoral
cutaneous nerves, anterior branch of the lateral femoral cutaneous nerve and infrapatellar branch of
the saphenous nerve.

Superficial arteries

Four cutaneous branches of the femoral artery are found in the subcutaneous tissue below the inguinal
ligament.

The superficial circumflex iliac artery pierces the fascia lata lateral to the saphenous opening and
passes up below the inguinal ligament to the anastomosis at the anterior superior iliac spine.

The superficial epigastric artery emerges through the saphenous opening. It crosses the inguinal
ligament and runs towards the umbilicus.

The superficial external pudendal artery emerges from the saphenous opening and passes medially,
in front of the spermatic cord (round ligament) to the penis and scrotum (labium majus).

The deep external pudendal artery pierces the fascia lata and passes behind the spermatic cord
(round ligament) to supply the skin of the scrotum (labium majus).

Superficial veins




These are essentially tributaries of the great (long) saphenous vein, one of the most important veins in
the body in view of its tendency to become dilated (varicose), and its use as a conduit in vascular
surgery.

The great (long) saphenous vein, the longest vein in the body, begins as the upward continuation of
the medial marginal vein of the foot (p. 145). It courses upwards in front of the medial malleolus (Fig.
3.31), crosses the lower quarter of the medial surface of the tibia obliquely and runs up behind the
medial border of the tibia towards the knee, where it lies a hand's breadth behind the medial border
of the patella. It spirals forwards round the medial convexity of the thigh and ends by passing through
the cribriform fascia covering the saphenous opening (Fig. 3.3), which lies about 3 cm below and
lateral to the pubic tubercle. Here it joins the femoral vein. It contains up to 20 valves, more of them
below knee level than above. Incompetence of valves is a cause of varicosity of the vein.

Figure 3.31 The great saphenous and posterior arch veins are dilated (varicose). A small
subcutaneous bulge (clinically called a blow-out) at the middle of the leg marks the site of an
incompetent perforator.




Figure 3.3 Right great saphenous vein and its tributaries.

A number of tributaries may be expected to join the great saphenous vein in the region of the
saphenous opening; like venous patterns elsewhere the exact number is variable since some may unite
with others to form common trunks or may be missing. There are usually four veins that correspond to
the four cutaneous branches of the femoral artery (superficial circumflex iliac, superficial epigastric,
and superficial and deep external pudendal). The superficial external pudendal artery runs
horizontally between the superficial and deep external pudendal veins. The deep external pudendal
artery runs medially behind the saphenous vein near its termination. Anterolateral and posteromedial
veins of the thigh frequently join the great saphenous vein a little below the saphenous opening.

The superficial epigastric vein may form the lower end of the thoracoepigastric vein which serves as
a communication between the superior and inferior venae cavae (see p. 179).

The deep connections of the lower end of the great saphenous vein in the leg are described on page
141.

Lymph nodes and vessels

Large lymphatic vessels accompany the great saphenous vein from the foot, leg and thigh, and
numerous large vessels spiral around the outer side of the thigh to converge on the superficial
inguinal nodes (Fig. 3.4). These consist of about 10 nodes. A proximal group lies just distal to the
inguinal ligament and a distal group lies vertically along the terminal great saphenous vein. The
lateral nodes of the proximal group receive lymph from the buttock, flank and back below the waist.
The medial nodes of this group receive lymph from the umbilicus and anterior abdominal wall below
it, the external genitalia of both sexes (excluding the testis, but including the lower vagina), the lower
anal canal and perineum, and a small proportion of the drainage from the uterus via lymphatics
accompanying the round ligament. The distal group receives all the superficial lymphatics of the
lower limb, except for those from the posterolateral part of the calf. The superficial inguinal nodes
drain mainly to the external iliac nodes by efferent lymphatics, some of which pierce the cribriform



fascia.

Figure 3.4 Superficial lymph drainage of the right lower limb (front and back). The superficial
inguinal nodes also receive all the lymph from the subcutaneous tissues of the trunk below the
waist.

Three of four deep inguinal nodes lie deep to the fascia lata, medial to the femoral vein, one or two
being in the femoral canal. They receive the deep lymphatics that accompany the femoral vessels from
the popliteal fossa, lymphatics from the glans penis (or clitoris) and a few efferent lymphatics from
the superficial inguinal nodes. The deep inguinal nodes drain to the external iliac nodes through the
femoral canal.

Superficial fascia

The membranous layer of the superficial fascia of the abdominal wall (see Scarpa's fascia, p. 179)
extends into the thigh and fuses with the fascia lata (Fig. 3.5) at the flexure skin crease of the hip joint
(Fig. 4.1A, B, p. 180). The attachment extends laterally from the pubic tubercle below the inguinal
ligament. The saphenous opening lies below this line, so a femoral hernia, emerging from the
saphenous opening, can never come to lie in the space deep to Scarpa's fascia. The hernia emerges
into ordinary subcutaneous fat and therefore does not become very large.
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Figure 3.5 Sagittal section through the femoral canal. The membranous layer of superficial fascia
of the abdomen i1s attached to the fascia lata below the inguinal ligament but above the saphenous
opening, so that a femoral hernia passing through the cribriform fascia at the opening is directed
into the subcutaneous fat and not into the potential space deep to the abdominal fascia.

Fascia lata

The deep fascia, the fascia lata, encloses the thighs like a stocking but one whose top is too large. A
vertical slit has been cut at the top of the stocking, so to speak, and the cut edges overlapped to fit the
bony pelvis, so forming the margin of the saphenous opening, as described below.

The upper end of the lateral part of the cut fascial stocking (Fig. 3.6A) is attached to the inguinal
ligament, which it draws into a downward convexity when the thigh is extended. The line of fascial
attachment extends posteriorly from the anterior superior iliac spine along the external lip of the iliac
crest, splitting to enclose the tensor fasciae latae and gluteus maximus muscles. The two layers that
enclose the gluteus maximus are very thin. Posterior to gluteus maximus the fascia lata 1s attached to
the sacrum and the sacrotuberous ligament. The attachment of the fascia lata extends along the
convexity of the ischial tuberosity and the ischiopubic ramus around the medial side of the limb to the
body of the pubic bone.
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Figure 3.6 Fascia lata and the formation of the left saphenous opening. The lateral margin of the
slit in the fascia A becomes attached to the pubic tubercle and inguinal ligament, while the medial
edge B is tucked deep to A and attached to the pectineal line, so forming the saphenous opening.




The medial part of the cut fascial stocking (Fig. 3.6B) passes deep to the lateral part (A) over
pectineus, posterior to the femoral sheath, and is attached to the pectineal line of the pubic bone. To
change the simile, the edges of A and B of the slit in Figure 3.6 are overlapped like lapels of a
double-breasted jacket and the great saphenous vein passes through the gap like a hand reaching into
the inside pocket. The cut edge of A forms a crescentic or falciform margin to the saphenous
opening, which is merely the oblique space lying between the cut edges as they overlap each other.
The saphenous opening is covered in by a loose fascia attached laterally to the falciform edge and
medially to the fascia lata where it lies over adductor longus. This fascia is pierced by the great
saphenous vein and its tributaries and by efferent lymphatics from the superficial inguinal lymph
nodes, giving it a sieve-like appearance, whence it derives the name of cribriform fascia.

The fascia lata is attached below to the tibial condyles and to the head of the fibula. Anteriorly it is
reinforced by expansions from sartorius and quadriceps femoris. Over the popliteal fossa it is
strengthened by transverse fibres and continues below into the deep fascia of the calf.

Tensor fasciae latae

This arises from a 5-cm length of the external lip of the iliac crest between the anterior superior iliac
spine and the tubercle of the crest. It is a thin sheet of muscle at its origin and becomes thicker at its
insertion into the iliotibial tract.

Nerve supply. By the superior gluteal nerve (L4, 5, S1).

Action. lts action is to pull upon the iliotibial tract, so assisting gluteus maximus in extending the knee
joint. The muscle is also active in helping to stabilize the pelvis during walking, when it assists
gluteus medius and minimus in resisting adduction at the hip (see p. 125).

Iliotibial tract

This is a thickening of the fascia lata on the lateral side of the thigh. The upper end of the tract splits
to enclose tensor fasciae latae and the superficial layer is attached to the iliac crest. Three-quarters of
gluteus maximus is inserted into it. The tract passes vertically down and is inserted into Gerdy's
tubercle, a smooth circular facet on the lateral condyle of the tibia (Fig. 3.51A). When the knee is
straight the tract passes in front of the axis of flexion. Thus it maintains the knee in the hyperextended
position while the quadriceps is relaxed and the patella freely mobile.
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Figure 3.51 Left tibia and fibula: A from the front; B from behind.

The lateral intermuscular septum is a strong layer extending from the deep surface of the iliotibial
tract to the linea aspera of the femur. Vastus lateralis lies in front and the short head of biceps femoris
behind it (Fig. 3.7).
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Figure 3.7 Cross-section of the left upper thigh, looking towards the hip. The vasti embrace the
femur, and the lateral intermuscular septum lies between vastus lateralis and biceps, so attaching
the iliotibial tract to the linea aspera of the femur. The sciatic nerve is surrounded by the
hamstrings, and the femoral vessels are in the triangular adductor canal in front of adductor longus,
with the profunda vessels behind adductor longus adjacent to the femur.

Femoral triangle




When the fascia lata is removed from the front of the thigh the underlying muscles are exposed (Fig.
3.2). The most superficial of all is sartorius, a parallel-sided ribbon of muscle that swings obliquely
across the thigh. The adductor longus is prominent on the medial side, and the two muscles enclose,
with the inguinal ligament, the femoral triangle.

The femoral triangle is defined as the triangle that lies between the inguinal ligament, the medial
border of sartorius, and the medial border of adductor longus. The floor of the triangle is gutter-
shaped and the hollow can be seen when the thigh is flexed. The femoral nerve and vessels lie in the
gutter. The muscles lying in the floor of the femoral triangle are the iliacus, psoas, pectineus and
adductor longus.

Sartorius

This muscle, the longest in the body, arises from the anterior superior iliac spine and the notch below
it. Its parallel fibres extend for the whole length of the muscle. It crosses the thigh obliquely along the
medial border of the femoral triangle (Fig. 3.2) and on the fascial roof of the adductor canal, and then
descends more vertically to the upper part of the medial surface of the tibia. It is inserted here in front
of gracilis and semitendinosus by an aponeurosis, the upper end of which arches backwards over the
top of the gracilis and semitendinosus tendons.

Nerve supply. By a branch from the anterior division of the femoral nerve (L2—4).

Action. Sartorius draws the lower limb into the sitting tailor's position (thigh flexed, laterally rotated
and abducted, knee flexed).

Adductor longus is described with the other adductors on page 121.

Iliacus

This muscle arises from the iliac fossa (see p. 274). Entering the thigh beneath the lateral part of the
inguinal ligament, it curves backwards behind the femoral vessels to be inserted into the front of the
psoas tendon (Fig. 3.8) and a small area of femoral shaft just below the lesser trochanter. The lower
part of the iliac fossa is occupied by a bursa, the iliac (psoas) bursa, which lies deep to iliacus and
psoas and extends with them into the upper thigh.




Figure 3.8 Attachments at the upper end of the right femur, from the front.

Nerve supply. By the femoral nerve (L2, 3) in the iliac fossa.
Action. With psoas, it is a powerful flexor of the hip joint (see p. 129).

Psoas major

This arises from the lumbar spine (see p. 272). It passes into the thigh deep to the middle of the
inguinal ligament. Its rounded tendon is inserted into the lesser trochanter (Fig. 3.8). Both iliacus and
psoas pass across the front of the capsule of the hip joint, with the bursa intervening. The bursa may
communicate with the hip joint through a gap in the capsule that lies between the iliofemoral and
pubofemoral ligaments.

Nerve supply. By the anterior rami of the first three lumbar nerves (mainly L2).

Action. With iliacus it is a powerful flexor of the hip. The action of psoas on the lumbar spine is
described on page 272.

Pectineus

This is a quadrilateral muscle that arises from the pectineal line of the pubis and from a narrow area
of bone below (Fig. 3.11). It slopes backwards down to the upper end of the femoral shaft, where it is
inserted into a vertical line behind and below the lesser trochanter (Fig. 3.12). The muscle is covered
anteriorly by an infolding of fascia lata that passes deep to the falciform margin of the saphenous
opening (Fig. 3.6B). The femoral vein and femoral canal lie on the surface of the muscle, while
adductor brevis and the anterior division of the obturator nerve lie behind it.




mlemonal

Pacarsys

Pioslienior brinch
of alrhuralol
nerit

Artiznor branch
of oblwatior nenve

Aadfucior longus

Figure 3.11 Adductor muscles and anterior and posterior divisions of obturator nerve of the left
thigh: anterior aspect.
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Figure 3.12 Attachment at the upper end of the right femur, from behind.

Nerve supply. By the anterior division of the femoral nerve (L2, 3) by a branch that passes behind the
femoral sheath. Occasionally it receives a twig from the anterior division of the obturator nerve (L2,
3).

Action. Pectineus flexes and adducts the thigh.



Femoral sheath

The femoral vessels, passing beneath the inguinal ligament, draw around themselves a funnel-shaped
prolongation of the transversalis fascia in front and the psoas fascia behind (Fig. 3.1). This
prolongation of fascia, the femoral sheath, fuses with the adventitia of the artery and vein about 3 cm
distal to the inguinal ligament.

The femoral nerve in the iliac fossa lies in the gutter between psoas and iliacus, behind the iliac
fascia. Lateral to the femoral sheath the transversalis fascia and iliac fascia fuse with the inguinal
ligament, and the femoral nerve thus enters the thigh outside the femoral sheath. Within the sheath the
femoral artery is lateral to the femoral vein and there 1s a space on the medial side of the vein, the
femoral canal (Fig. 3.2). The femoral canal 1s widest at its abdominal end, where its opening, the
femoral ring, has four boundaries. Anteriorly lies the medial part of the inguinal ligament, medially
the crescentic edge of the lacunar ligament, posteriorly the pectineal ligament and laterally the
femoral vein (Fig. 3.1). A femoral hernia enters the femoral canal through this ring. The lacunar
ligament may have to be incised to release a strangulated hernia, and here an accessory (abnormal)
obturator artery is at risk (see p. 309). The canal contains a lymph node (of Cloquet) which in the
female drains directly from the clitoris, and in the male from the glans penis.

Femoral artery

The artery enters the thigh at a point midway between the anterior superior iliac spine and the pubic
symphysis (midinguinal point). Here it lies on the psoas major tendon, which separates the artery
from the capsule of the hip joint. This is the position where its pulsation can be felt and where it can
be entered for arterial catheterization. It emerges from the femoral sheath, courses downwards and
enters the adductor canal deep to sartorius. It has four small branches below the inguinal ligament
(seep. 112) and just below the termination of the femoral sheath gives off a large branch, the
profunda femoris, the chief artery of the thigh.

The surface marking of the femoral artery, with the hip slightly flexed and laterally rotated, is from
the midpoint between the pubic symphysis and the anterior superior iliac spine, along the upper two-
thirds of a line towards the adductor tubercle. The surgical approach to the artery in the adductor
canal 1s through an incision on the medial aspect of the lower thigh; sartorius is retracted medially
and the fascial roof of the canal divided.

Cannulation. The femoral artery is second only to the radial (see p. 69) as the site of choice for the
placement of an arterial line. Its superficial position below the inguinal ligament makes it easily
accessible. The most common complications include retroperitoneal haemorrhage and perforation of
the gut (by entering the abdominal cavity), and arteriovenous fistula (with the femoral or external iliac
vein).

The profunda femoris artery is normally the vessel of supply for all thigh muscles (unless its
circumflex branches come directly from the femoral). It usually arises from the lateral side of the
femoral artery about 3—4 cm distal to the inguinal ligament and then spirals down deep to it, passing
between pectineus and adductor longus, whose upper border separates the femoral and profunda
arteries (Fig. 3.2). The profunda vein lies in front of the profunda artery and turns medially to pass
through the angle between the femoral artery and its profunda branch to drain into the femoral vein.
The profunda artery continues down on adductor brevis and magnus and ends as the fourth perforating



artery. Apart from the perforating arteries and muscular branches, it gives off large lateral and medial
circumflex femoral arteries.

The lateral circumflex femoral artery arises from the lateral side of the profunda artery (Fig. 3.2) or
occasionally from the femoral artery. It passes laterally between the branches of the femoral nerve,
and disappears from the femoral triangle beneath sartorius to lie deep to rectus femoris. Here it
breaks up into three branches.

The ascending branch runs up on the vastus lateralis, under cover of sartorius and tensor fasciae
latae. It gives a branch to the trochanteric anastomosis (see p. 126) and passes on towards the anterior
superior iliac spine, where it ends by anastomosing with the superficial and deep circumflex iliac, an
iliac branch of the iliolumbar and the superior branch of the superior gluteal artery. This ascending
branch is a large vessel and in the anterior approach to the hip joint between sartorius and tensor
fasciae latae, it and its venae comitantes must be secured when separating the muscles.

The transverse branch passes across the vastus lateralis and winds around the femur to form one
limb of the cruciate anastomosis (see p. 126).

The descending branch slopes steeply downwards, with the nerve to vastus lateralis, in a groove
between the anterior edge of the vastus lateralis and the vastus intermedius. It supplies both muscles
and ends by sending twigs to the anastomosis around the knee.

The medial circumflex femoral artery arises from the medial side of the profunda (occasionally
from the femoral), often above its lateral companion, and immediately passes backwards between
pectineus and the psoas tendon. Running above adductor brevis and below obturator externus, it
passes between quadratus femoris and adductor magnus to enter the gluteal region. It gives an
ascending branch to the trochanteric anastomosis, and a horizontal branch to the cruciate
anastomosis.

The four perforating arteries pass backwards through adductor magnus, the first having passed
above, the second through and the third and fourth below adductor brevis. They supply the adductor
muscles and the hamstrings and make a series of anastomoses with one another, with the cruciate
anastomosis above and with the popliteal artery below.

In the vascular surgical literature, the femoral artery above the origin of the profunda branch (deep
femoral artery) is termed the common femoral artery, and the vessel below this branch is the
superficial femoral artery.

Femoral vein

The vein enters the lower angle of the femoral triangle, where it lies posterior to the artery. It ascends
through the femoral triangle and comes to lie on the medial side of the artery. It receives the profunda
femoris vein posteriorly and just below the femoral sheath the great saphenous vein joins it anteriorly
(Fig. 3.1). Within the sheath it passes under the inguinal ligament and runs along the brim of the pelvis
as the external iliac vein. It has four or five valves, the most constant ones being just above the
junctions with the profunda and great saphenous veins. Absence of these valves could contribute to
the development of varicosity of the great saphenous vein.



In the living body the position of the femoral vein below the inguinal ligament is found by feeling the
pulsations of the femoral artery, which is immediately lateral to the vein. In thin people the femoral
vein may be surprisingly near the surface even though it is within the femoral sheath.

Femoral nerve

This is the nerve of the extensor compartment of the thigh, and is formed from the posterior divisions
of the anterior rami of the lumbar nerves 2, 3 and 4. The obturator nerve, which supplies the adductor
muscles derived from the flexor muscles of the thigh, is formed by the anterior divisions of the same
rami (see p. 13). The femoral nerve supplies iliacus in the abdomen. Lying in the iliac fossa between
psoas and iliacus the femoral nerve enters the thigh by passing deep to the inguinal ligament at the
lateral edge of the femoral sheath, which separates it from the femoral artery (Fig. 3.1).

As it enters the femoral triangle it gives a branch to pectineus; this branch passes behind the femoral
sheath to reach the muscle (Fig. 3.2). Just distal to the inguinal ligament the femoral nerve divides into
several branches. The intermediate and medial femoral cutaneous nerves have already been described

(see p. 112).

There are two nerves to sartorius, one of which usually pierces the muscle and continues as the
intermediate cutaneous nerve. The nerve to rectus femoris is usually double; the upper nerve gives a
branch to the hip joint. The nerve to vastus medialis, the largest of the muscular branches, passes
down on the lateral side of the femoral artery into the adductor canal, where it gives branches to and
enters vastus medialis, and continues downwards to the capsule of the knee joint. The nerve to
vastus lateralis runs downwards with the descending branch of the lateral femoral circumflex artery
to supply the muscle and the knee joint. The nerve to vastus intermedius enters the anterior surface
of the muscle and also supplies the knee joint. The saphenous nerve leaves the femoral triangle at its
lower angle and in the subsartorial canal passes across the front of the femoral artery to reach its
medial side (Fig. 3.2). It gives twigs to the subsartorial plexus and leaves the canal at its distal end by
passing between sartorius and gracilis.

Quadriceps femoris

This muscle is the main extensor of the knee joint and has four parts—rectus femoris and the three
vastus muscles: lateralis, intermedius and medialis. All converge to form the quadriceps tendon
which contains the patella and which continues down as the patellar ligament (tendon) to be inserted
into the tuberosity of the tibia.

Rectus femoris arises from the ilium by two heads (Fig. 3.48). The reflected head arises from a
groove above the acetabulum, the straight head from the upper half of the anterior inferior spine,
above the iliofemoral ligament. The two heads unite to form the anterior lamina of the quadriceps
tendon. The posterior surface of the muscle is clad in a glistening aponeurosis that glides on the
anterior surface of vastus intermedius. The anterior surface is covered with a similar aponeurosis on
its upper part.
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Figure 3.48 Left hip bone, from the lateral side and behind.

Vastus lateralis has an extensive linear origin from the upper part of the intertrochanteric line, the
greater trochanter (Fig. 3.8) and the lateral lip of the linea aspera of the femur. It also arises from the
lateral intermuscular septum. Inferiorly the muscle is incorporated in the quadriceps tendon (Fig.
3.10). The anterior edge of the muscle lies free on vastus intermedius; the descending branch of the
lateral circumflex artery and the nerve to vastus lateralis lie in the shallow gutter between the two.

Figure 3.10 Stabilization of the right patella. The slightly oblique pull of rectus femoris is
counteracted by the lowest fibres of vastus medialis.

Vastus intermedius arises from the anterior and lateral surfaces of the upper two-thirds of the shaft



of the femur. The anterior surface of the muscle 1s covered by an aponeurosis which is continued
down into the quadriceps tendon.

Articularis genu is a small muscle which arises from the anterior surface of the lower femoral shatft,
deep to vastus intermedius, and is inserted into the upper convexity of the suprapatellar bursa (see p.
139).

Vastus medialis arises from the lower part of the intertrochanteric line and the medial lip of the linea
aspera and from the tendon of adductor magnus below the hiatus for the femoral vessels. The muscle
slopes around the medial surface of the femur, merging with vastus intermedius, and is continuous
below with the quadriceps tendon, while the lowest fibres, lying nearly horizontal, are inserted
directly into the medial border of the patella. These fibres are indispensable to the stability of the

patella (Fig. 3.10).

The quadriceps tendon is attached to the base and sides of the patella. A thin sheet passes across the
front of the patella into the patellar ligament and the retinacula.

The patellar ligament (tendon) connects the lower border of the patella with the smooth convexity
on the tuberosity of the tibia (Fig. 3.51). It represents the continuation of the quadriceps tendon. The
patellar retinacula are fibrous expansions from the quadriceps tendon and patellar ligament, which
connect the sides of the patella with the condyles of the tibia and the collateral ligaments. The lateral
retinaculum is reinforced by the iliotibial tract.

Nerve supplies. Each muscle is supplied by its own branch from the femoral nerve (L3, 4).

Actions. The muscle is the main extensor of the knee joint. Rectus femoris can assist iliopsoas to flex
the hip.

Test. While lying on the back with the knee partly flexed, the patient extends the knee against
resistance. Rectus femoris can be seen and felt contracting.

Stability of the patella

The patella is a sesamoid bone in the quadriceps tendon. It is mobile from side to side. The patellar
ligament 1s vertical, but the pull of the quadriceps is oblique, in the line of the shaft of the femur, and
when the muscle contracts it tends to draw the patella laterally. Three factors discourage this lateral
dislocation; they are the usual bony, ligamentous and muscular factors that control the stability of any
bone. The bony factor consists in the forward prominence of the lateral condyle of the femur (Fig.
3.9), the ligamentous factor is the tension of the medial patellar retinaculum, but they are in
themselves incapable of preventing lateral displacement of the patella. The lowest fibres of vastus
medialis, inserted into the border of the bone, hold the patella medially when the quadriceps contracts
(Fig. 3.10). These fibres of vastus medialis are indispensable to the stability of the patella.




Figure 3.9 Lower end of the left femur, from below. The prominence of the lateral condyle
discourages lateral displacement of the patella.

Adductor canal

This canal (also known as the subsartorial or Hunter's canal) is a gutter-shaped groove between
vastus medialis and the front of the adductor muscles, below the apex of the femoral triangle. The
gutter is roofed in by a fascia which contains in its meshes the subsartorial plexus. The canal so
formed contains the femoral artery and vein, the saphenous nerve and, in the upper part, the nerve to
vastus medialis (Fig. 3.7). Sartorius lies on the fascial roof. The adductors in the floor of the canal
are the adductor longus above and the adductor magnus below. The subsartorial plexus receives small
branches from the medial cutaneous nerve of the thigh, the saphenous nerve and the anterior division
of the obturator nerve. The plexus supplies the overlying fascia lata and an area of skin above the
medial side of the knee. The femoral artery leaves the canal by passing into the popliteal fossa
through the hiatus between the hamstring and adductor parts of the adductor magnus muscle. In the
distal part of the canal the femoral vein is posterolateral to the artery. The vein ascends posteriorly
until in the femoral triangle it lies medial to the artery. This is in keeping with the rotation medially of
the lower limb from the fetal position, and is further reflected in the spiral manner in which the
saphenous nerve passes across the femoral artery. At all levels in the thigh the artery lies between
saphenous nerve and femoral vein. Below the opening in the adductor magnus the saphenous nerve
continues to descend in the canal. The descending genicular artery arises from the femoral artery just
above the adductor hiatus and, passing downwards, divides into a superficial saphenous artery that
accompanies the saphenous nerve and a deep muscular branch that enters the vastus medialis and
joins the arterial anastomosis around the knee.

The saphenous nerve passes out of the canal by escaping from behind the posterior border of
sartorius (in front of gracilis). It pierces the fascia lata here and passes downwards behind the great
saphenous vein (Fig. 3.3). Just before leaving the canal the infrapatellar branch is given off; this
nerve pierces sartorius, joins the patellar plexus and supplies prepatellar and infrapatellar skin.



Part two. Medial compartment of the thigh

The contents of this (adductor) compartment of the thigh are separated from the anterior (extensor)
compartment by the medial intermuscular septum, but there is no septum dividing them from the
posterior (flexor or hamstring) compartment. The muscles consist of gracilis and the three adductors,
longus, brevis and magnus, while deeply lies obturator externus. The nerve of the compartment is the
obturator, and the artery is the profunda femoris, assisted proximally by the obturator artery.

The medial intermuscular septum is a thin fascia that lies between vastus medialis and the adductors
and pectineus. It is attached to the fascia lata and the linea aspera of the femur, and is continuous
above with the fascia on pectineus (see p. 115).

Gracilis

This, the most superficial muscle of the medial side of the thigh (Fig. 3.2), arises as a flat sheet from
the edge of the inferior ramus of the pubis and the adjoining ischial ramus (Fig. 3.48). The muscle
narrows 1n triangular fashion and is replaced by a cylindrical tendon which is inserted into the upper
part of the medial surface of the shaft of the tibia just behind sartorius. The gracilis receives a
segmental blood supply from the medial circumflex, profunda and femoral arteries in succession
distally. A gracilis muscular flap based on the profunda pedicle is used in perineal reconstructive
surgery.

Adductor longus

This, the most superficial of the three adductors, arises from a circular area on the body of the pubis,
in the angle between the pubic crest and symphysis (Fig. 3.48), by a strong round tendon, sometimes
ossified (‘rider's bone’). The muscle rapidly becomes fleshy and flattens out to be inserted by an
aponeurotic flat tendon into the middle third of the linea aspera of the femur (Fig. 3.11).

Adductor brevis

This muscle arises from the body and inferior ramus of the pubic bone, deep to pectineus and
adductor longus (Fig. 3.48). It widens in triangular fashion to be inserted into the upper part of the
linea aspera immediately behind the insertion of pectineus and adductor longus. The anterior division
of the obturator nerve passes vertically downwards on its anterior surface (Fig. 3.11); the posterior
division passes down behind it. The upper border of adductor brevis thus lies between the two
divisions of the obturator nerve in the same way as the upper border of adductor longus lies between
the femoral and the profunda femoris vessels.

Adductor magnus

This 1s a composite muscle formed by the fusion of adductor and hamstring muscle masses, each with
their own nerve supply.

The hamstring part arises from the ischial tuberosity (Fig. 3.48), and the fibres pass vertically
downwards to a tendinous attachment to the adductor tubercle of the femur, with an expansion to the
medial supracondylar line. In continuity with the ischial origin, the adductor part arises from the
ischiopubic ramus. These fibres are inserted progressively higher along the medial supracondylar
line, the linea aspera and up to the gluteal tuberosity (Fig. 3.50B). The upper border of the muscle is
horizontal, lying edge to edge with the lower border of quadratus femoris, and the medial circumflex



femoral artery passes between the two muscles from front to back to reach the cruciate anastomosis
(Fig. 3.13). Near the top of the medial supracondylar line there is a gap in the muscle attachment
through which the femoral vessels pass, changing their name to popliteal as they do so. Along the
linea aspera attachment there are four small openings, the lowest for the end of the profunda femoris
vessels, and the others for their perforating branches.
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Figure 3.50 Right femur: A anterior aspect; B posterior aspect.
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Figure 3.13 Left gluteal region, with much of gluteus maximus removed.

Nerve supplies of adductors. Gracilis and adductor longus and brevis are supplied by the anterior
division of the obturator nerve, the hamstring part of magnus by the tibial part of the sciatic nerve and
the rest of magnus by the posterior division of the obturator (L2, 3 for all muscles).

Actions of adductors. The adductor mass of muscles, though large, is less important in the prime
movement of adduction than in synergic activities associated with posture and gait.

Tests for adductors. While lying on the back with the knee straight, the patient adducts the thigh
against resistance, and the upper ends of gracilis and adductor longus are palpated.

Obturator externus

This muscle arises from the whole of the obturator membrane and from the anterior bony margin of the
obturator foramen. Both membrane and muscle fall short of the obturator notch above, thereby forming
a canal for the passage of the obturator nerve and vessels (Fig. 3.11). The muscle passes laterally and
posteriorly beneath the neck of the femur where it narrows into a tendon that spirals in contact with
the back of the femoral neck to be inserted on the medial surface of the greater trochanter into a deep
pit, the trochanteric fossa. The capsule of the hip joint encloses the back of the neck of the femur only
as far as the place where obturator externus tendon is in contact with periosteum, namely half the neck
of the femur (Fig. 3.12), whereas in front the capsule of the hip joint includes the whole of the neck of
the femur (Fig. 3.8).



Nerve supply. By the posterior division of the obturator nerve (L3, 4).

Action. With the other short muscles around the hip joint, it stabilizes and supports the proximal part
of the limb. As its line of pull passes behind the hip joint, it is a lateral rotator of the femur.

Obturator artery and nerve

The obturator artery, on emerging from the obturator foramen with the nerve, divides into anterior
and posterior branches that encircle the foramen between the obturator externus and the membrane.
They anastomose with each other and with the medial circumflex artery. From the posterior branch the
articular twig to the hip joint arises; it enters the acetabular notch and runs in the ligament of the head
of the femur to supply a small scale of bone in the region of the pit for the attachment of the ligament

(see p. 129).

The obturator nerve divides in the obturator notch into anterior and posterior divisions; the anterior
passes above obturator externus, the posterior passes through the muscle, giving off a branch to
supply it before doing so.

The anterior division, giving an articular branch to the hip joint, descends in the thigh behind the
adductor longus, which it supplies. Passing over the anterior surface of adductor brevis (Fig. 3.11),
which it usually supplies, it goes on to supply gracilis and end in the subsartorial plexus, whence
branches supply the skin over the medial side of the thigh. Direct branches to the skin are often given
off at a level above the subsartorial plexus.

The posterior division emerges through obturator externus (having already supplied that muscle), and
passes vertically downwards on adductor magnus deep to the other adductor muscles. It supplies
adductor magnus and gives a terminal branch which runs with the femoral artery through the hiatus in
the muscle to the popliteal fossa and supplies the capsule of the knee joint by passing in with the
middle genicular artery. The posterior division may supply adductor brevis when this is not supplied
by the anterior division.



Part three. Gluteal region and hip joint

The gluteal region or buttock lies behind the pelvis, and extends from the iliac crest to the gluteal fold
(fold of the buttock). Various muscles, nerves and vessels emerge from the pelvis to enter the lower
limb in this region. The muscles of the region are the three gluteal—gluteus maximus, medius and
minimus—and the deeply placed piriformis, obturator internus, superior and inferior gemellus, and
quadratus femoris (Fig. 3.13). Bony and ligamentous features of the region include the back of the
sacrum and hip bone, the upper end of the femur, and the sacrotuberous and sacrospinous ligaments.
The greater sciatic foramen is formed above and in front by the greater sciatic notch of the hip bone,
behind by the sacrotuberous ligament, and below by the sacrospinous ligament (see Figs 5.73 and
5.74, pp. 323 and 324). The lesser sciatic foramen is formed by the lesser sciatic notch of the hip
bone, and the same two ligaments. The ligaments cross each other and so convert the two sciatic
notches into foramina.

Subcutaneous tissue

The subcutaneous fat is well developed in the gluteal region and gives the buttock its characteristic
convexity. The fold of the buttock is the transverse skin crease for the hip joint and is not caused by
the lower border of the gluteus maximus, which crosses the line of the fold obliquely. The blood
supply of the skin and fat 1s derived from branches of the superior and inferior gluteal arteries, and
the lymphatic drainage is into the lateral group of the superficial inguinal lymph nodes.

The cutaneous nerves of the buttock (Fig. 3.47) are derived from posterior and anterior rami. The
posterior rami of the upper three lumbar nerves slope downwards over the iliac crest to supply the
upper skin of the buttock. The posterior rami of all five sacral nerves are cutaneous. The upper three
supply the skin of the natal cleft, the lower two, with the coccygeal nerve, supply skin over the
COCCYX.

The anterior rami are derived from widely separated segments. The upper part of the lateral skin is
supplied by lateral cutaneous branches of the subcostal and iliohypogastric nerves (T12 and L1), the
lower part by branches of the lateral femoral cutaneous nerve (L2). The perforating cutaneous nerve
(S2, 3) and branches of the posterior femoral cutaneous nerve (S2, 3) supply the lower central part of
the buttock. Thus the segments between L2 and S2 are not represented in the skin of the buttock; their
dermatomes lie peripherally, in the skin of the limb (see Fig. 1.9, p. 14). The posterior axial line lies
between these discontinuous dermatomes.

Gluteus maximus

This is the largest and the most superficial of the gluteal muscles, and it is characterized by its large
fibre bundles. A thick flat sheet of muscle, it slopes from the pelvis down across the buttock at 45°
(see Fig. 2.4, p. 40). It arises from the gluteal surface of the ilium behind the posterior gluteal line,
from the lumbar fascia, from the lateral mass of the sacrum below the auricular surface, and from the
sacrotuberous ligament. The deep half of its lower half is inserted into the gluteal tuberosity of the
femur (Fig. 3.12). The remaining three-quarters of the muscle is inserted into the upper end of the
iliotibial tract (Fig. 3.13).

There are usually three bursae beneath the muscle: one over the ischial tuberosity, one over the
greater trochanter, and another over vastus lateralis.



The blood supply comes from both the superior and inferior gluteal arteries, and the veins form a
plexus beneath the muscle.

Nerve supply. By the inferior gluteal nerve (LS, S1, 2), the only muscle supplied by this nerve.

Action. lIts action on the femur 1s a combination of lateral rotation and extension at the hip joint, while
through the iliotibial tract its contraction supports the extended knee. In paralysis of quadriceps
femoris it can become an active but weak extensor of the knee. It can be felt in contraction in standing
with hip and knee each slightly flexed, in which case it is a powerful antigravity muscle. It comes into
play as an extensor of the hip joint chiefly at the extremes of hip movement, as in running, climbing
stairs, etc., and it is called into play little if at all in the mid-position of the hip joint, as in quiet
walking, when the main extensors of the hip are the hamstrings. It is the chief antigravity muscle of the
hip during the act of sitting down from standing, controlling flexion of the hip joint.

Test. While lying face down with the leg straight, if the patient tightens the buttock and extends the
hip, the contracting muscle can be observed and palpated.

Gluteus medius

This muscle arises from the gluteal surface of the ilium between the middle and posterior gluteal lines
(Fig. 3.48). Its posterior third is covered by the gluteus maximus (see Fig. 2.4, p. 40) and its anterior
two-thirds by thick deep fascia. The muscle converges to a flat tendon which is attached to the lateral
surface of the greater trochanter (Fig. 3.12). A bursa separates the tendon from the upper part of the
lateral surface of the greater trochanter.

Gluteus minimus

This muscle arises under cover of gluteus medius (Fig. 3.13) from the gluteal surface of the ilium
between the middle and inferior lines, whence its fibres converge to a tendon which is attached to the
anterior surface of the greater trochanter (Fig. 3.8). Its anterior border lies edge to edge with that of
gluteus medius from origin to insertion. A bursa separates the tendon from the medial part of the
anterior surface of the greater trochanter.

Nerve supplies. Gluteus medius and minimus are supplied by the superior gluteal nerve (L4, 5, S1).

Actions. These two muscles abduct the hip joint and their anterior fibres rotate the thigh medially.
The two muscles are constantly called into play as the foot on one side is raised during walking and
running, when the muscles on the opposite (supporting) side contract to prevent the pelvis from
sagging on the unsupported side. In this they are assisted by tensor fasciae latae (see p. 116). If they
are paralysed the gait is markedly affected, the trunk swaying from side to side towards the weight-
bearing limb to prevent downward tilting of the pelvis on the unsupported side.

Test. While lying face down with the leg flexed to a right angle, the patient turns the foot outwards
against resistance. Gluteus medius is palpated below the iliac crest behind tensor fasciae latae, which
can also be felt contracting. In the Trendelenburg test with the patient standing on one leg, the pelvis
on the opposite side should rise slightly; if it falls due to loss of abductor power on the supporting
side, the test is positive.

Piriformis



This is an important muscle in that its relations provide the key to the arrangement of the structures in
the gluteal region (Fig. 3.13). The muscle arises from the front of the middle three pieces of the
sacrum, within the pelvis, and passes laterally behind the sacral plexus to emerge through the greater
sciatic foramen, which it almost completely fills. Some additional fibres arise from the upper margin
of the notch (Fig. 3.48). In the buttock its upper border lies alongside gluteus medius, its lower border
above the superior gemellus. It converges into a rounded tendon which is inserted into the medial
surface of the upper border of the greater trochanter (Fig. 3.12).

The surface marking of the lower border of piriformis is from the midpoint of a line between the
posterior superior iliac spine (indicated by an overlying dimple on the surface of the back) and the tip
of the coccyx to the tip of the greater trochanter.

Nerve supply. By the anterior rami of S1 and S2.

Obturator internus and gemelli

Obturator internus arises from the internal surface of the lateral wall of the pelvis (see p. 289) and
makes a right-angled bend around the lesser sciatic notch of the ischium to enter the gluteal region
(Fig. 3.13). Its deep tendinous surface is separated by a bursa from the lesser sciatic notch, which is
covered here by hyaline cartilage. As the muscle emerges into the buttock it is reinforced by
additional muscle fibres arising from the margins of the lesser sciatic notch. These are the superior
and inferior gemelli. They blend with the tendon of obturator internus, which is inserted into the
medial surface of the greater trochanter above the trochanteric fossa (Fig. 3.12).

Nerve supply. By its own nerve (LS, S1, 2).

The superior gemellus arises from the spine of the ischium and is supplied by the nerve to obturator
internus, while the inferior gemellus arises from the ischial tuberosity at the margin of the lesser
sciatic notch and is supplied by the nerve to quadratus femoris (Fig. 3.48).

The tendon of obturator internus and the gemelli lie horizontal in the buttock, the superior gemellus
below piriformis and the inferior gemellus above quadratus femoris. The sciatic nerve passes down
on their posterior surface.

Quadratus femoris

This rectangular muscle (Fig. 3.13) arises from the ischial tuberosity and is inserted into the quadrate
tubercle of the femur. It is separated from the back of the neck of the femur by the tendon of obturator
externus. The upper and lower borders of this horizontal muscle lie edge to edge with the inferior
gemellus above and the upper border of adductor magnus below.

Nerve supply. By its own nerve (L4, 5, S1).

Actions. Piriformis, obturator internus, the gemelli and quadratus femoris act together to adjust and

stabilize the joint. Acting as prime movers they are lateral rotators of the extended thigh and
abductors of the flexed thigh.

A number of structures emerge from the pelvis through the greater sciatic foramen into the gluteal
region; to do so they pass above or below the piriformis muscle. Above the upper border emerge the



superior gluteal nerve and vessels. Below the lower border emerge the inferior gluteal nerve and
vessels, the pudendal nerve and vessels, the nerve to obturator internus, and the sciatic nerve with the
posterior femoral cutaneous nerve on its surface and the nerve to quadratus femoris deep to it.

The superior gluteal nerve (L4, 5, S1) emerges from the greater sciatic notch above the upper border
of piriformis and immediately disappears beneath the posterior border of gluteus medius and runs
forwards between gluteus medius and minimus (Fig. 3.13). It supplies both muscles and ends in tensor
fasciae latae. It has no cutaneous distribution.

The superior gluteal artery emerges from the pelvis above the upper border of piriformis and
divides into superficial and deep branches. The superficial branch enters the deep surface of gluteus
maximus to supply it and the overlying skin. The deep branch passes laterally between gluteus medius
and minimus and divides into an upper and a lower branch. The upper reaches the anastomosis at the
anterior superior iliac spine; the lower supplies the two glutei and joins the trochanteric anastomosis.

The inferior gluteal nerve (L5, S1, 2) leaves the pelvis beneath the lower border of piriformis and
sinks into the deep surface of gluteus maximus (Fig. 3.13). It has no cutaneous distribution.

The inferior gluteal artery appears in the buttock between piriformis and the superior gemellus. It
breaks up into muscular branches which supply piriformis, obturator internus, and gluteus maximus. It
sends anastomotic branches to the trochanteric and cruciate anastomoses. One branch, the artery to the
sciatic nerve, runs down on the sciatic nerve which it supplies. Cutaneous branches supply the buttock
and back of thigh.

Trochanteric anastomosis

This provides the main source of blood for the supply of the head of the femur. The anastomosis lies
near the trochanteric fossa (Fig. 3.50B). It is formed by anastomosis of the descending branch of the
superior gluteal artery with the ascending branches of both lateral and medial circum-flex femoral
arteries. The inferior gluteal artery usually joins the anastomosis. Branches from the anastomosis pass
along the femoral neck with the retinacular fibres of the capsule (see p. 127).

Cruciate anastomosis

At the level of the middle of the lesser trochanter the transverse branch of the medial circumflex
femoral artery meets the transverse branch of the lateral circumflex femoral at the lower border of the
insertion of quadratus femoris. They are joined by an ascending branch of the first perforating artery
and the cross 1s completed above by a descending branch of the inferior gluteal artery.

The pudendal nerve (S2—4) makes a brief appearance in the buttock (Fig. 3.13). On emerging from
beneath piriformis the nerve turns forward around the back of the sacrospinous ligament, on which it
lies just medial to the spine of the ischium. It leaves the buttock by passing forward through the space
between the sacrotuberous and sacrospinous ligaments (the lesser sciatic foramen) to enter the
pudendal canal (see Fig. 5.70, p. 316).

The internal pudendal artery follows a similar course to that of the nerve, lying on its lateral side. It
crosses the tip of the ischial spine, against which it can be compressed to control arterial
haemorrhage in the perineum. A companion vein lies on each side of the artery.



The nerve to obturator internus (L5, S1, 2) lies still more laterally and loops around the base of the
ischial spine as it passes forward to sink into the muscle in the side wall of the ischioanal fossa (see
Fig. 5.70, p. 316). It also supplies the superior gemellus.

The sciatic nerve (14, 5, S1-3) emerges from below the piriformis muscle more laterally than the
inferior gluteal and pudendal nerves and vessels (Fig. 3.13). It lies upon the ischium over the
posterior part of the acetabulum. It is in contact with bone at a point one-third of the way up from the
ischial tuberosity to the posterior superior iliac spine; this point is the surface marking for the entry of
the nerve into the gluteal region. It passes vertically down over the posterior surface of obturator
internus and quadratus femoris to the hamstring compartment of the thigh, where it is crossed
posteriorly by the long head of biceps femoris. In the buttock it lies under cover of gluteus maximus
just to the medial side of the midpoint between the greater trochanter and the ischial tuberosity, which
is the surface marking of the nerve at the top of the thigh.

Its tibial and common peroneal (fibular) components usually separate in the upper part of the
popliteal fossa but occasionally there is a high division and the two components may leave the pelvis
separately, in which case the common peroneal nerve (L4, 5, S1, 2) usually pierces the piriformis
while the tibial nerve (L4, 5, S1-3) emerges from beneath the muscle in the ordinary way.

The posterior femoral cutaneous nerve (S1-3) emerges from beneath piriformis and in its course in
the buttock it lies on the sciatic nerve under cover of gluteus maximus. Below the buttock the nerve
passes vertically down the midline of the back of the thigh and leg as low as the mid-calf. It lies
beneath the fascia lata, superficial to the hamstrings, which separate it from the sciatic nerve, and
supplies the fascia and overlying skin by a series of branches. Gluteal branches curl around the lower
border of gluteus maximus to supply skin over the convexity of the buttock (Fig. 3.47). The long
perineal branch winds medially and forward between gracilis and the fascia lata at the root of the
limb to supply the posterior part of the scrotum or labium majus.

It is significant that the segments (S2, 3) of this nerve are also those of the pelvic parasympathetic
nerves which supply pelvic viscera. Pain from pelvic disease may therefore be referred over the
distribution of the posterior femoral cutaneous nerve, and such pain along the back of the thigh and
upper calf must be distinguished from sciatica due to compression of the roots of the sciatic nerve.

The nerve to quadratus femoris (L4, 5, S1) lies on the ischium deep (anterior) to the sciatic nerve. It
passes over the back of the hip joint, to which it gives an articular branch, and continues downwards
deep to obturator internus and the gemelli, to sink into the anterior surface of quadratus femoris. It
also supplies the inferior gemellus.

Gluteal intramuscular injection

The upper outer quadrant of the gluteal region is a common site for intramuscular injections. To avoid
damage to the sciatic nerve it must be noted that the gluteal region extends from the iliac crest to the
gluteal fold. In the above quadrant the needle enters gluteus medius or gluteus maximus, depending on
the exact position chosen.

Hip joint

The hip joint is a multiaxial synovial joint of the ball-and-socket variety, between the acetabulum of



the innominate (hip) bone (Fig. 3.48) and the head of the femur (Fig. 3.50). In general it can be said
that in all joints stability and range of movement are in inverse proportion to each other; the hip joint
provides a remarkable example of a high degree of both. Its stability is largely the result of the
adaptation of the acetabulum and femoral head to each other, and its great range of mobility results
from the femur having a long neck that is much narrower than the head.

The cup-shaped acetabulum is formed by fusion of the three components of the hip bone: ilium,
ischium, and pubis. The articular surface, covered with hyaline cartilage, does not occupy the whole
of the acetabular fossa, but is a C-shaped concavity that is broadest above, where the body weight is
transmitted in the erect posture. Its peripheral edge is deepened by a rim of fibrocartilage—the
acetabular labrum—which encloses the femoral head beyond its equator, thus increasing the stability
of the joint. The labrum is triangular in section, with its base attached to the acetabular rim. It is
continued across the acetabular notch at the inferior margin of the acetabulum as the transverse
ligament. The central non-articular part of the acetabulum is occupied by a pad of fat (the Haversian

pad).

The spherical head of the femur 1s covered with hyaline cartilage. The non-articulating summit of the
head is excavated into a pit (fovea) for attachment of the ligament of the head of the femur
(ligamentum teres), whose other end is attached to the transverse ligament and the margins of the
acetabular notch.

The capsule of the joint is attached circumferentially around the labrum and transverse ligament,
whence it passes laterally, like a sleeve, to be attached to the neck of the femur. In front it is attached
to the intertrochanteric line, but at the back it extends for only half this distance, being attached
halfway along the femoral neck (Fig. 3.12). The capsule is loose but extremely strong.

From these attachments the fibres of the capsule are reflected back along the neck of the femur to the
articular margin of the femoral head. This reflected part constitutes the retinacular fibres, which bind
down the nutrient arteries that pass, chiefly from the trochanteric anastomosis, along the neck of the
femur to supply the major part of the head. Fracture of the femoral neck within the capsular attachment
ruptures the retinacular fibres and the vessels, causing avascular necrosis of the head.

The fibrous capsule is strengthened by three ligaments, which arise one from each constituent bone of
the hip bone.

The iliofemoral ligament (of Bigelow) is the strongest of the three, and has a triangular shape (Fig.
3.14A). The apex is attached to the lower half of the anterior inferior iliac spine and the base is
attached to the intertrochanteric line. The margins are thick and the ligament has the appearance of an
inverted V (though often being referred to as the Y-shaped ligament). The ligament limits extension at
the hip joint.




Figure 3.14 A Ligaments of the right hip joint: anterior aspect; B right hip joint: posterior aspect.

The pubofemoral ligament is attached to the superior ramus and obturator crest of the pubic bone. It
passes distally deep to the iliofemoral ligament, and blends with the capsule (Fig. 3.14A).

The ischiofemoral ligament is the weakest of the three. It arises from the posteroinferior margin of
the acetabulum, and its fibres, passing laterally to the capsule, spiral upwards and blend with circular
fibres of the capsule, the zona orbicularis (Fig. 3.14B). The zona is responsible for the hourglass
constriction of a normal arthrogram.

As in all synovial joints, the synovial membrane is attached to the articular margins. From its
attachment around the labrum and transverse ligament it lines all the capsule and is reflected back
along the neck of the femur, where it invests the retinacular fibres up to the articular margin of the
head of the femur. The Haversian fat pad and the ligament of the head are likewise invested in a
sleeve of synovial membrane that is attached to the articular margins of the concavity of the
acetabulum and of the fovea on the femoral head. Occasionally (10%) a perforation in the anterior
part of the capsule, between the iliofemoral and pubofemoral ligaments, permits communication
between the synovial cavity and the iliac bursa.

Relations

Anteriorly the psoas major tendon separates the capsule from the femoral artery and more medially
pectineus intervenes between the capsule and the femoral vein. The femoral nerve lies lateral to the
artery in a groove between iliacus and the psoas tendon. Iliacus is partly separated from the capsule
by the bursa. Superiorly the reflected head of rectus femoris (medially) and gluteus minimus
(laterally) are in contact with the capsule. Inferiorly obturator externus spirals below the capsule to
the back of the femoral neck. Posteriorly lies piriformis, and below it the obturator internus tendon
and the gemelli separate the sciatic nerve from the capsule. Laterally the capsule blends with the
iliotibial tract. Medially the floor of the acetabular fossa forms part of the lateral wall of the pelvis,
and in the female the ovary lies adjacent, separated only by obturator internus, the obturator nerve and
vessels and the peritoneum.

Blood supply

The capsule and synovial membrane are supplied from nearby vessels. The head and intracapsular
part of the neck receive their blood from the trochanteric anastomosis (see p. 126), mainly through



branches of the medial circumflex femoral artery. Although the artery in the ligament of the head of the
femur (from the obturator artery) is important in the young child, it is usually considered to have
atrophied by the age of about 7 years (but bleeding from it at adult hip operations suggests that it may
often remain patent for much longer).

Nerve supply

The femoral nerve via the nerve to rectus femoris, the obturator nerve directly from its anterior
division, the nerve to quadratus femoris and articular twigs from the sciatic nerve all supply the hip
joint. The femoral, obturator and sciatic nerves also supply the knee joint (see p. 140), and pain
arising in the hip joint may be referred to the knee.

Movements

As in any ball and socket joint, movement is possible in all directions. Flexion, extension, adduction
and abduction are free; a combination of all four produces circumduction. In addition, medial and
lateral rotation of the femur occur.

In flexion of the hip the head of the femur rotates about a transverse axis that passes through both
acetabula (Fig. 3.15) and the thigh is flexed upon the trunk. The muscles responsible for flexion are
psoas major and iliacus, assisted by rectus femoris, sartorius and pectineus. Flexion is limited by the
thigh touching the abdomen, or by tension of the hamstrings if the knee is extended; the normal range is
about 120°, with the knee flexed.

Figure 3.15 Axes of rotation at the hip joint.

Extension of the thigh, the reverse of the above movement, is performed by gluteus maximus at the
extremes of the movement and by the hamstrings in the intermediate stage. The movement is limited by



tension in the i1liofemoral ligament, and amounts to about 20°.

I n adduction and abduction of the thigh the femoral head rotates in the acetabulum about an
anteroposterior axis. Adduction of about 30° is produced by contraction of the pectineus, adductors
longus, brevis and magnus and the gracilis. It is limited by contact with the other leg or, if the latter is
abducted out of the way, by the tension of gluteus medius and minimus. Abduction is produced by
contraction of gluteus medius and minimus, assisted by tensor fasciae latae and sartorius. It is limited
by tension in the adductors and in the pubofemoral ligament, and amounts to about 60°. Contraction of
the abductors is essential in normal one-legged stance and in walking and running (see p. 125). In the
sitting position, piriformis and the gemelli and obturator muscles act as abductors, e.g. helping to
move the leading leg when getting out of a car.

In rotation the femoral head rotates in the acetabulum about a vertical axis that passes through the
centre of the femoral head (Fig. 3.15). On account of the angulation of the neck of the femur, this axis
does not coincide with the axis of the femoral shaft. Consequently the femoral neck and greater
trochanter move forwards during medial rotation, and backwards during lateral rotation.

Medial rotation is produced by the anterior fibres of gluteus medius and minimus assisted by tensor
fasciae latae. It is restricted by tension in the lateral rotators and the ischiofemoral ligament.
Pyriformis, obturator internus and the gemelli, quadratus femoris and obturator externus are lateral
rotators, assisted by gluteus maximus and sartorius. Lateral rotation is restricted by tension in the
medial rotators and the iliofemoral ligament. Rotation in either direction amounts to about 40°.

If the neck of the femur 1s fractured, the shaft is free to rotate about its own axis, and psoas and i1liacus
produce the lateral rotation of the limb that is the characteristic feature of a fractured femoral neck.

Stability

The snug fit of the femoral head into the acetabulum, deepened by the labrum, makes the hip a very
stable joint, further reinforced by the ligaments on the outside of the capsule, especially the
iliofemoral. The short muscles of the gluteal region are important muscular stabilizers. The joint is
least stable when flexed and adducted; dislocation requires considerable force but may occur, for
example, in serious car accidents; the head of the femur is typically displaced posteriorly and there is
often an associated fracture at the back of the acetabulum. Acetabular dysplasia, ligamentous laxity
and intrauterine malposition are contributory factors for congenital dislocation of the hip in about 1.5
per 1000 live births; there are genetic variations in this incidence. Girls are more often affected than
boys and the condition may be bilateral. The femoral head dislocates posteriorly and comes to lie on
the gluteal surface of the ileum.

Surgical approach

The hip joint can be approached from the front, side or back. From the front and side the routes lie in
front of, through or behind tensor fasciae latae. The anterior approach is through the interval between
sartorius and tensor fasciae latae, detaching the tensor, rectus femoris and the anterior part of gluteus
minimus from the ilium so that the upper and anterior parts of the joint capsule can be reached. The
anterolateral approach is between tensor fasciae latae and gluteus medius, exposing the capsule by
retracting the anterior borders of gluteus medius and minimus or by detaching their insertion by
performing an osteotomy of the greater trochanter. The ascending branches of the lateral circumflex



femoral vessels are a source of bleeding during this approach, and the superior gluteal nerve is at risk
at the upper end of the exposure. The posterior approach involves splitting the middle of gluteus
maximus in the line of its fibres. Piriformis, obturator internus and the gemelli are divided at their
femoral attachments to display the capsule. The sciatic nerve is retracted medially and is protected by
turning the cut ends of obturator internus and the gemelli backwards over the nerve.

Injection or aspiration of the joint can be carried out from the front or side. At the front the needle is
inserted 5 cm below the anterior inferior iliac spine and 4 cm lateral to the femoral pulse and
directed upwards, backwards and medially. For the lateral approach the needle passes in front of the
greater trochanter and parallel with the femoral neck, entering the capsule through the lower ends of
gluteus medius and minimus.



Part four. Posterior compartment of the thigh

The posterior or hamstring compartment of the thigh extends from the buttock to the back of the knee.
It 1s separated from the anterior compartment by the lateral intermuscular septum, but there 1s no
septum dividing it from the medial or adductor compartment, for the adductor magnus is a muscle
consisting of fused adductor and hamstring components.

The cutaneous nerve supply is by the posterior femoral cutaneous nerve, which runs vertically
downwards deep to the fascia lata, pierces it behind the knee, and ends halfway down the calf. It
sends branches through the fascia lata to supply the overlying skin.

Hamstring muscles

The hamstring muscles all arise from the ischial tuberosity and are inserted into the tibia or fibula;
they thus span both the hip and knee joints. They are the semimembranosus, semitendinosus and
biceps femoris (long head). The short head of biceps arises from the back of the femur. The hamstring
part of adductor magnus is described on page 122.

Semimembranosus

This extends from the ischial tuberosity to the medial condyle of the tibia. It arises from the lateral
part of the ischial tuberosity (Fig. 3.16), above the part that bears weight in sitting. This origin is a
long flat tendon, from which muscle fibres commence about mid-thigh. The distal attachment of the
muscle is by a rounded tendon into the horizontal concavity on the back of the medial condyle of the
tibia (Figs 3.17 and 3.19). From this insertion three expansions diverge. One passes forwards along
the medial surface of the condyle deep to the tibial collateral ligament of the knee, separated from it
by a bursa. A second expansion passes obliquely upwards to the lateral femoral condyle as the
oblique popliteal ligament (see p. 137), while the third forms a strong fascia overlying popliteus and
reaches the soleal line of the tibia.

Figure 3.16 Left ischial tuberosity, from behind.




Figure 3.17 Right hamstring muscles. Semitendinosus and long head of biceps are retracted
laterally to show the sciatic nerve lying on adductor magnus lateral to the tendinous upper end of
semimembranosus.

Plardart
e AIFLETS
Gatfroramus

Fabola

Gastorreri ! Fituias eoilatirsl s
- T3] i -

! s o Attschewnl ol paplleus
Obiique peplitesl ' vl ’ 1o capraula

- Popieus nndon

SamieTbimnoms — R euatn popktnal hgamnt

Figure 3.19 Right knee joint from behind, showing the reinforcement of the capsule by the oblique
popliteal ligament, and popliteus emerging from the capsule. The fabella is a sesamoid bone
sometimes present in the lateral head of gastrocnemius.

Semitendinosus

This arises, in common with the long head of biceps, from the medial part of the ischial tuberosity




(Fig. 3.16). The fleshy belly diminishes in size from above downwards to a cord-like tendon that lies
on the posterior surface of the muscular belly of semimembranosus (Fig. 3.17). The tendon of
semitendinosus passes behind the medial condyle of the femur and then curves forwards to be inserted
behind gracilis into the upper part of the medial surface of the shaft of the tibia.

Biceps femoris

This muscle has two heads of origin. The long head arises, in common with semitendinosus, from the
ischial tuberosity (Fig. 3.16). It passes downwards and laterally, crossing the sciatic nerve on its
posterior aspect, and joins the short head which has a long origin, from the whole length of the linea
aspera and the upper part of the lateral supracondylar line of the femur (Fig. 3.50B). Distally the
single tendon of the muscle is folded or split around the fibular collateral ligament of the knee joint
and is inserted into the head of the fibula (Fig. 3.26).

Figure 3.26 Ligaments of the left knee joint, with the knee partially flexed: A from the front; B
from behind.

Blood supply of the hamstrings. The hamstring compartment receives its blood supply mainly from
the profunda femoris artery and its perforating branches. These pierce the adductor magnus and give
off large branches to the hamstrings and the overlying fat and skin. The blood supply of the upper part
of the hamstrings 1s derived from the inferior gluteal artery and that of the lower part from the
popliteal artery. These and the perforating branches of the profunda femoris form a series of
anastomoses along the back of the thigh. The highest is the cruciate anastomosis.

Nerve supplies. The three muscles are supplied, with the ischial part of adductor mangus, by the
tibial component of the sciatic nerve (L5, S1), with the exception of the short head of biceps, which is
supplied by the common peroneal (fibular) part of the sciatic nerve.

Actions. Acting from above the hamstrings flex the knee joint, and acting from below they extend the
hip joint. With the knee semiflexed, biceps femoris is a lateral rotator, while semimembranosus and
semitendinosus are medial rotators of the leg.

Test. While lying face downwards with the limb straight, the knee is flexed against resistance, and the
tendons of biceps and semitendinosus palpated above the knee on the lateral and medial sides
respectively.



Sciatic nerve

The sciatic nerve runs vertically through the hamstring compartment, lying deep to the long head of
biceps, between it and the underlying adductor magnus (Fig. 3.17). At the apex of the popliteal fossa,
a hand's breadth or more above the knee joint, it divides into its tibial and common peroneal (fibular)
components; but the division may occur at a higher level (see p. 127).

The surface marking of the nerve is from the midpoint between the ischial tuberosity and greater
trochanter to the apex of the popliteal fossa.



Part five. Popliteal fossa and knee joint

The popliteal fossa is a diamond-shaped space behind the knee (Fig. 3.18). It is limited above by the
semimembranosus and the semitendinosus on the medial side and the biceps femoris on the lateral
side, diverging from the apex. In the living, the back of the flexed knee is hollow between the ridges
made by the tensed hamstring tendons. In the extended knee the hamstring tendons lie against the
femoral condyles and the fat of the popliteal space bulges the roof of the fossa. The lower part of the
‘diamond’ is occupied by the heads of the gastrocnemius and is opened up only when they are
artificially separated (Fig. 3.18).
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Figure 3.18 Right popliteal fossa. Semitendinosus, semimembranosus and the two heads of
gastrocnemius have been retracted to expose the contents of the fossa more fully.

The roof of the fossa 1s formed by the fascia lata, which is here strongly reinforced by transverse
fibres. It 1s pierced by the small saphenous vein and the posterior femoral cutaneous nerve. The floor
is provided, from above downwards, by the popliteal surface of the femur, the capsule of the knee
joint, reinforced by the oblique popliteal ligament, and the popliteus muscle covered by its fascia.
The popliteal artery and vein and the tibial and common peroneal nerves pass through the fossa. A
small group of popliteal lymph nodes lie alongside the popliteal vein.

The common peroneal nerve (common fibular nerve) runs downwards and laterally, medial to the
biceps tendon, and disappears into the substance of peroneus longus to lie on the neck of the fibula,
against which it can be rolled in the living. It gives off the following branches:

1. The sural communicating nerve. which pierces the roof of the fossa and runs downwards in the



subcutaneous fat to join the sural nerve below the bellies of gastrocnemius.

2. The lateral cutaneous nerve of the calf, which pierces the roof of the fossa over the lateral head
of gastrocnemius and supplies the skin over the upper part of the peroneal and extensor
compartments of the leg.

3. The superior and inferior genicular nerves, which travel with the arteries of the same name and
supply the capsule of the knee joint and the lateral ligament.

4. The recurrent genicular nerve, which arises in the substance of peroneus longus, perforates
tibialis anterior and supplies the capsules of the superior tibiofibular and knee joints.

The common peroneal nerve ends by dividing, in the substance of peroneus longus, into the deep and
superficial peroneal nerves.

The tibial nerve runs vertically down along the middle of the fossa and disappears by passing deeply
between the heads of gastrocnemius (Fig. 3.17). If the latter are separated the nerve is seen passing,
with the popliteal vessels, beneath the fibrous arch in the origin of soleus (Fig. 3.18). Below this
fibrous arch it enters the calf. The nerve gives motor branches to all the muscles that arise in the
popliteal fossa, namely to plantaris, both heads of the gastrocnemius, soleus and popliteus. The last
branch hooks around the lower border of popliteus to enter its deep (tibial) surface.

The tibial nerve here has only one cutaneous branch, the sural nerve. It runs vertically down in the
narrow interval between the two heads of gastrocnemius and pierces the deep fascia halfway down
the calf, where it replaces the posterior cutaneous nerve of the thigh. Passing down in the
subcutaneous fat it joins the sural communicating nerve below the bellies of gastrocnemius where it is
always close to the small saphenous vein which is the guide to the nerve (it can be used for grafts);
the nerve is usually lateral to the vein.

Articular branches, the genicular nerves, are three in number. They accompany the superior and
inferior medial genicular arteries to supply the medial ligament and the capsule of the knee joint, and
the middle genicular artery to pierce the oblique popliteal ligament, supplying it and the cruciate
ligaments.

Popliteal vessels

Throughout the whole of its course the popliteal artery is the deepest of the large neurovascular
structures in the fossa (Fig. 3.18). It extends from the hiatus in adductor magnus (a hand's breadth
above the knee) to the fibrous arch in soleus (a hand's breadth below the knee). It enters the fossa on
the medial side of the femur; there it lies not only deep but medial to the sciatic nerve and its vertical
continuation the tibial nerve. As it passes downwards it is convex laterally, coming to lie lateral to
the tibial nerve. Below the fibrous arch in soleus, as the posterior tibial artery, it returns to the medial
side of the nerve. At all levels the popliteal vein lies between the artery and the nerve. The artery lies
successively on the popliteal surface of the femur, separated from it by a little fat, on the oblique
popliteal ligament and on the fascia over the popliteus muscle. It passes under the fibrous arch in
soleus and immediately divides into anterior and posterior tibial arteries. Rarely the popliteal artery
may divide proximal to popliteus, the anterior tibial artery then descending anterior to the muscle.

The popliteal artery may be compressed by the medial head of gastrocnemius (popliteal artery



entrapment syndrome) when the artery takes a variant course, deviating medially behind the muscle
and then passing distally deep to the muscle. The artery may also be compressed by an accessory slip
of the muscle arising more laterally from the femur, separating the artery and vein or passing behind
both.

Palpation of popliteal pulsation against the back of the femur, with the fingertips of both hands
pressing into the centre of the fossa, must be accompanied by flexion of the knee to relax the overlying
popliteal fascia.

Muscular branches are given to the muscles in the popliteal fossa including two large sural arteries
that supply the two heads of gastrocnemius. The genicular arteries are five in number, upper and
lower lateral and medial, and a middle. The medial and lateral superior genicular arteries encircle
the lower end of the femur proximal to the attachment of the gastrocnemius muscles. The medial and
lateral inferior arteries encircle the upper end of the tibia. The middle genicular artery pierces the
oblique popliteal ligament to supply the cruciate ligaments; it is accompanied by the genicular branch
of the posterior division of the obturator nerve (see p. 123) and a genicular branch of the tibial nerve.

The medial superior genicular artery lies deep to semitendinosus, semimembranosus and the tendon
of adductor magnus.

The lateral superior genicular artery is deep to the tendon of biceps femoris.

The medial inferior genicular artery courses obliquely downwards deep to the medial head of
gastrocnemius and the medial ligament of the knee. The lateral inferior genicular artery runs
horizontally deep to the lateral head of gastrocnemius, crosses the popliteus tendon and passes deep
to the lateral ligament of the knee (Fig. 3.25).
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Figure 3.25 Prosection of the right knee joint in the Anatomy Museum of the Royal College of
Surgeons of England: lateral aspect.

The genicular branches of the popliteal artery form an anastomosis, around the patella and the femoral
and tibial condyles, with the descending genicular branch of the femoral artery, the descending branch
of the lateral circumflex femoral artery, the circumflex fibular branch of the posterior tibial artery and



the anterior and posterior recurrent branches of the anterior tibial artery.

Surgical approach. Various surgical approaches to the popliteal artery are possible: from behind or
from either side with the knee partly flexed. The posterior approach opens up the interval between the
heads of the gastrocnemei, retracting these muscles apart, and carefully avoiding the nerves and the
popliteal vein. The lateral approach passes behind the iliotibial tract and the lateral intermuscular
septum, displacing biceps backwards. The medial approach gives superior access. The above-knee
popliteal artery is accessed along the anterior border of sartorius with division of the adductor
magnus tendon. Below-knee access to the artery requires medial retraction of the tendons of sartorius,
gracilis and semitendinosus, and posterior retraction of the medial head of gastrocnemius. These
musculotendinous structures may be divided for greater access. The great saphenous vein needs to be
safeguarded.

The popliteal vein lies, at all levels, between the artery and the tibial nerve (Fig. 3.18). It is formed
by the union of the venae comitantes of the anterior and posterior tibial arteries; ascending through the
aperture in the adductor magnus it becomes the femoral vein. It receives tributaries that accompany
the branches of the popliteal artery and the small saphenous vein (see p. 147). The popliteal vein
may take the form of venae comitantes on either side of the artery.

The popliteal lymph nodes consist of a few scattered nodes lying about the termination of the small
saphenous vein, beneath the deep fascia. They receive from a small area of skin just above the heel by
a few superficial afferents which run with the small saphenous vein and pierce the roof of the fossa,
and from the deep structures of the calf by afferents that accompany the posterior tibial vessels. Their
efferents run alongside the popliteal and femoral vessels to the deep inguinal nodes.

Popliteus

This muscle (Fig. 3.19 and Fig. 3.20) is attached to a triangular area on the posterior surface of the
tibia above the soleal line. The muscle slopes upwards and laterally towards a cord-like tendon,
which is attached to a pit at the anterior end of a groove on the lateral surface of the lateral condyle of
the femur (Fig. 3.21); the tendon runs along the groove when the knee is fully flexed. The tendon lies
within the capsule of the knee joint, entering it beneath the arcuate popliteal ligament (see p. 138), to
which superficial fibres of the muscle are attached (Fig. 3.19). The muscle also has some attachment
to the capsule and the posterior convexity of the lateral meniscus (Fig. 3.20). A pouch of synovial
membrane from the knee joint lies between the tendon and the superior tibiofibular joint, with which
it may communicate.
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Figure 3.20 Prosection of the right knee joint in the Anatomy Museum of the Royal College of
Surgeons of England; Posterior aspect. The medial half of the femur has been removed.
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Figure 3.21 Distal end of the right femur: lateral aspect.

Nerve supply. By a branch of the tibial nerve which winds around its lower border and sinks into its
deep (anterior) surface. This nerve also supplies the superior tibiofibular joint.

Action. In the fully extended knee the femur has rotated medially on the tibia to ‘lock’ the joint (see p.
140). The femur is rotated laterally to unlock the joint at the commencement of flexion by the
popliteus, acting from below with the tibia fixed as in the erect position. The attachment to the lateral
meniscus suggests that the posterior horn of the meniscus may be retracted during this movement. In
the supine or seated position, popliteus medially rotates the mobile tibia at the commencement of
flexion.

Knee joint

The knee joint is a synovial joint, the largest in the body. It is a modified hinge joint; in addition to
flexion and extension a small amount of rotation of the leg is possible in the flexed position of the
knee. It is a compound joint that includes two condylar joints between the femur and the tibia (Fig.
3.22) and a sellar (saddle) joint between the patella and the femur (Fig. 3.23), the former being partly
divided by menisci. The lateral and medial articular surfaces of the femur and tibia are asymmetrical.
The distal surface of the medial condyle of the femur is narrower and more curved than that of the
lateral condyle. The lateral tibial articular surface is almost circular, the medial is oval with a longer



anteroposterior axis, and these differences are reflected in the shapes of the menisci. The articular
surface of the patella is divided by a vertical ridge into a large lateral and a small medial surface; the
latter is further subdivided by a faint vertical ridge into two smaller areas. The large lateral area
articulates with the lateral condyle of the femur in extension and flexion. In extension the area next to
it is in contact with the medial femoral condyle and the most medial area does not articulate with the
femur (Fig. 3.23). In flexion this surface is in contact with the medial condyle and the middle area is
opposite the intercondylar notch of the femur.

Figure 3.22 Radiographs of the knee joint: A anteroposterior projection; B lateral projection.
(Provided by Dr R. Sinnatamby, Addenbrooke's Hospital, Cambridge.)

Figure 3.23 Left femur and patella, as seen when looking upwards from the tibia with the knee in
extension and flexion. The medial facet of the patella (arrow) is free in extension but in flexion it
articulates with the medial condyle of the femur.




The capsule of the knee joint is attached posteriorly to the proximal margins of the femoral condyles
and the intercondylar fossa. Medially the capsule is attached to the articular margin of the femur, but
laterally the attachment is proximal to the groove for the popliteus tendon (Fig. 3.21). Anteriorly the
capsule blends with the patellar retinacula and is attached to the sides of the patellar ligament
(tendon) and patella. The capsule is deficient above the level of the patella, permitting the
suprapatellar bursa to be in full communication with the joint. Posteriorly on the tibia the capsule is
attached to the margins of the tibial condyles, and in the intercondylar area to the distal edge of the
groove for the posterior cruciate ligament (Fig. 3.51B); the attachment to the lateral condyle is
interrupted by an aperture for the passage of the popliteus tendon. On the sides, the capsule is attached
to the margins of the tibial condyles, and laterally to the head of the fibula as well. A thickening of the
capsule on the medial side is a deep component of the tibial collateral ligament and is firmly attached
to the medial meniscus. On its deep aspect the capsule has weak attachments to the rims of both
menisci, the coronary ligaments, which connect them to the tibia. Anteriorly the line of attachment on
the tibia of the fused capsule and patellar retinacula inclines distally from the medial and lateral
condyles to the tibial tuberosity.

The tibial collateral ligament (medial ligament) (Figs 3.24 and 3.26) is a flat, triangular band
attached above to the medial femoral epicondyle, just distal to the adductor tubercle, and attached
below to the upper part of the medial surface of the tibia. Its anterior margin, which forms the vertical
base of the triangle, is free except at its attached extremities. The posterior apex of the triangular
ligament blends with the capsule and is thereby attached to the medial meniscus. Above its distal
attachment the ligament is crossed by the tendons of sartorius, gracilis and semitendinosus with a
bursa interposed. The medial inferior genicular vessels and nerve and the anterior expansion of the
semimembranosus tendon are deep to the distal part of the ligament with another bursa intervening.

Figure 3.24 Medial aspect of the left knee joint. The patella and all the soft tissues in and around
the knee joint have been removed, apart from the tibial collateral ligament, in this exhibit in the
Anatomy Museum of the Royal College of Surgeons of England.

The fibular collateral ligament (lateral ligament) (Figs 3.25 and 3.26) is cord-like and is attached
proximally to the lateral epicondyle, below the attachment of the lateral head of gastrocnemius and




above that of the tendon of popliteus (Fig. 3.21). Its distal attachment is to the head of the fibula
overlapped by the tendon of biceps femoris, a bursa intervening between them. The ligament is not
attached to the capsule and has no connection with the lateral meniscus. A bursa lies between the
ligament and the capsule, and the tendon of popliteus lies deep to the capsule here. The lateral
inferior genicular vessels and nerve run deep to the distal part of the ligament.

The oblique popliteal ligament (Fig. 3.19) is an expansion from the tendon of semimembranosus that
blends with the capsule at the back of the joint and ascends laterally to the intercondylar fossa and
lateral femoral condyle. The popliteal artery lies on it, and genicular vessels and nerves penetrate it.

The arcuate popliteal ligament (Fig. 3.20) is a Y-shaped thickening of posterior capsular fibres. The
stem of the Y is attached to the head of the fibula. The medial limb arches over the tendon of popliteus
to the posterior edge of the tibial intercondylar area. Some popliteus muscle fibres are attached to it.
The lateral limb ascends to the lateral femoral condyle with the popliteus tendon.

The cruciate ligaments are a pair of very strong ligaments connecting tibia to femur (Figs 3.26 and
3.27). They lie within the capsule of the knee joint, but not within the synovial membrane. It is as
though they had been herniated into the synovial membrane from behind, so that they are covered by
synovial membrane on their front and sides but not posteriorly. The anterior cruciate ligament is
attached to the anterior part of the tibial plateau between the attachments of the anterior horns of the
medial and lateral menisci. The ligament ascends posterolaterally, twisting on itself, and is attached
to the posteromedial aspect of the lateral femoral condyle. The posterior cruciate ligament is
stronger, shorter and broader, and less oblique. It is attached to a smooth impression on the posterior
part of the tibial intercondylar area which extends to the uppermost part of the posterior surface of the
tibia (Fig. 3.51B). The ligament ascends anteromedially and is attached to the anterolateral aspect of
the medial femoral condyle. The cruciate ligaments cross each other like the limbs of the letter X, the
anterior ligament lying mainly anterolateral to the posterior ligament.

Figure 3.27 Menisci of the left knee joint, from above.

T h e menisci—formerly called semilunar cartilages—are crescentic discs of fibrocartilage
comprising mainly collagenous fibrous tissue that lie on and are attached to the tibial plateau (Fig.
3.27). They are triangular in cross-section, being thicker at their convex periphery. Their distal
surfaces are flat, while their proximal surfaces are concave and articulate with the convex femoral
condyles. The menisci are mainly avascular but their peripheral zone is vascularized by capillaries
from the capsule. The medial meniscus is almost a semicircle and is broader posteriorly. Its anterior
horn 1s attached to the intercondylar area in front of the anterior cruciate ligament, while the posterior
horn is similarly attached in front of the posterior cruciate ligament. As mentioned above, the medial
meniscus 1s firmly attached to the capsule and the tibial collateral ligament.



The lateral meniscus 1s about four-fifths of a circle and is of uniform width. Its anterior horn is
attached in front of the intercondylar eminence of the tibia, behind the anterior cruciate ligament with
which it partly blends. The posterior horn is attached behind the intercondylar eminence, in front of
the posterior horn of the medial meniscus. From the posterior convexity of the lateral meniscus
fibrous bands pass upwards and medially to the medial femoral condyle, in front of and behind the
posterior cruciate ligament (Figs 3.26 and 3.27). These are the anterior and posterior
meniscofemoral ligaments (of Humphry and Wrisberg). More medially some fibres of the popliteus
muscle are attached to the posterior convexity of the lateral meniscus. The transverse ligament is a
variable band that connects the anterior convexity of the lateral meniscus to the anterior horn of the
medial meniscus.

The synovial membrane is the most extensive in the body but the amount of synovial fluid in a normal
joint is only 0.5 ml—a mere capillary film. It is attached to the articular margins of the femur, tibia
and patella and lines the deep aspect of the capsule, but it is separated from the capsule by the
popliteus tendon and the cruciate ligaments, which are thereby excluded from the synovial cavity.
Anteriorly the membrane is separated from the patellar ligament by the infrapatellar fat pad, which
herniates the membrane into the joint cavity as a pair of folds, the alar folds; these converge in the
midline into a single fold, the infrapatellar fold, which extends posteriorly and is attached to the
femoral intercondylar fossa (Fig. 3.28). The synovial membrane does not cover the surfaces of the
menisci. It 1s continuous with the lining of the suprapatellar bursa. Posteriorly a small pouch of
membrane projects distally between the tendon of popliteus and the upper ends of the tibia and fibula;
it may communicate with the superior tibiofibular joint. The synovial cavity of the knee joint often
communicates with the bursa deep to the medial head of gastrocnemius, and sometimes communicates
with the bursa deep to the lateral head of gastrocnemius.

Figure 3.28 Right knee joint in flexion: anterior aspect. The quadriceps tendon has been divided
and reflected downwards. The articular surfaces of the bones are covered by hyaline cartilage.

There are a dozen bursae related to the knee joint: four on the anterior aspect; two on either side; and
four at the back. The suprapatellar bursa lies between the femur and the quadriceps femoris; the
articularis genu muscle is attached to it (see p. 120). The subcutaneous prepatellar bursa lies between
the skin and the patella and the subcutaneous infrapatellar bursa between the skin and the tibial
tuberosity. The deep infrapatellar bursa is situated between the patellar ligament and the upper part of



the tibia. Laterally there is a bursa between the fibular collateral ligament and the biceps femoris
tendon, and another bursa between the ligament and the capsule where it overlies the popliteus
tendon. Medially there is a bursa between the tibial collateral ligament and the tendons of sartorius,
gracilis and semitendinosus; a bursa deep to the ligament partly separates it anteriorly from the tibia,
the capsule and an expansion from the semimembranosus tendon. Two bursae are situated deeply
between the posterior aspect of the capsule and the medial and lateral heads of gastrocnemius; the
medial bursa communicates with the joint cavity and the lateral one may do so. The semimembranosus
bursa lies between that muscle and the medial head of gastrocnemius; it may communicate with the
bursa deep to the latter muscle and thereby with the joint cavity. The bursa between the popliteus
tendon and the back of the upper tibia and fibula is an extension of the synovial membrane of the knee
joint.

Blood supply

The capsule and joint structures are supplied from the anastomoses around the knee (see p. 134). The
chief contributors are the five genicular branches of the popliteal artery, of which the middle
genicular supplies the cruciate ligaments.

Nerve supply

The joint is supplied from the femoral nerve through its branches to the three vasti, from the sciatic
nerve by the genicular branches of its tibial and common peroneal components, and from the obturator
nerve by the twig from its posterior division, which accompanies the femoral artery through the gap in
the adductor magnus into the popliteal fossa. During arthroscopy it must be remembered that, although
local anaesthesia affects the overlying skin, the cruciate ligaments remain sensitive (tibial nerve). The
horns of the menisci are innervated but their central parts are devoid of sensory fibres.

Movements

The movements of the knee joint are flexion, extension and rotation.

Flexion is performed primarily by the hamstrings—semimembranosus, semitendinosus and biceps
femoris—assisted by gracilis, sartorius, popliteus, gastrocnemius and plantaris. It is limited to about
150° by compression of the soft parts behind the knee.

Extension is performed by the quadriceps femoris, assisted by tensor fasciae latae. As the knee
extends, the shorter and more rounded lateral femoral condyle completes its extension excursion
about 30° short of full extension. The lateral condyle then rotates forwards around a taut anterior
cruciate ligament, and allows the longer and more oval medial condyle to glide backwards into its
own full extension. This passive medial rotation of the femur is part of a ‘locking” mechanism which
secures the joint in 5-10° of hyperextension, when both cruciate ligaments, the tibial and fibular
collateral ligaments and the oblique popliteal ligament are all taut. The femur rotates as described
when extension occurs with the foot on the ground. When the foot is free to move, passive lateral
rotation of the tibia occurs instead at the terminal phase of extension. From the locked position lateral
rotation of the femur must precede flexion with the foot on the ground. This lateral rotation is
produced by the popliteus muscle; when flexion occurs with the foot free, popliteus medially rotates
the tibia instead. The unlocked knee can now be flexed by the hamstrings.

When the knees flex, the fibular collateral ligaments and the posterior part of the tibial collateral



ligaments are relaxed and a smaller femoral surface articulates with the menisci. In this position about
10° of active rotation is possible. Lateral rotation is produced by biceps femoris and medial rotation
by semimembranosus and semitendinosus. Passive rotation in the flexed position amounts to about
60°, such as when a clinician takes hold of a subject's leg and rotates it.

Flexion and extension take place above the menisci, in the upper compartment of the joint. The
menisci are passively opened up in extension when a broader area of femoral condyle is in contact
with them, separating their anterior and posterior convexities. Rotation takes place below the
menisci, in the lower compartment.

Stability

The bony contours contribute little to the stability of the joint, but the intercondylar eminence of the
tibia prevents sideways slipping of femur on tibia. Nevertheless, ligaments and muscles make it a
very stable joint which rarely dislocates. The cruciate ligaments are indispensable to anteroposterior
stability in flexion. Forward displacement of the tibia on the femur is prevented by the anterior
cruciate ligament and backward displacement of the tibia on the femur is prevented by the posterior
cruciate ligament. The integrity of the posterior cruciate ligament is therefore important when walking
downstairs or downhill (Fig. 3.29).

Figure 3.29 Weight-bearing on the flexed knee. This is the position of the upper knee during
progression downhill. The body weight is suspended on the posterior cruciate ligament.

The menisci are liable to injury resulting from twisting strains applied to the flexed weight-bearing
knee. The medial meniscus is more prone to damage, probably because it 1s firmly attached to the
capsule and the collateral ligament. Likewise the flat medial ligament, which is attached to the
posteromedial capsule, is more likely to be torn than the cord-like lateral ligament, which is
unattached to the capsule. A combined rotation and impact injury to the flexed knee, as in sports
injuries, may cause rupture of the anterior cruciate ligament. The stronger posterior cruciate ligament
is less likely to be damaged, but it may be torn when the tibia is violently thrust backwards in relation
to the femur.

Surgical approach

The surgical approach to the knee joint most frequently utilises a vertical anterior midline incision.
On account of its variable course, the infrapatellar branch of the saphenous nerve may be at risk at the



lower end of the incision. A medial skin flap is developed and the joint entered through an incision
that divides the parapatellar retinaculum and extends above and below the patella as necessary. The
posterior approach to the knee joint utilises a S-shaped incision to avoid subsequent flexion
contracture of the joint. The popliteal fascia is divided vertically and the interval between the tibial
nerve and semimembranosus opened up by displacing the nerve and popliteal vessels laterally, and
detaching the medial head of gastrocnemius from its femoral origin.

An anterolateral portal is most commonly used for diagnostic knee arthroscopy and is sited just
above the joint line lateral to the patellar tendon. A corresponding anteromedial portal is used for the
insertion of instruments. Aspiration is usually carried out from the side at the upper lateral margin of
the patella, the needle entering the suprapatellar bursa. For injection the joint is entered at the lower
border of the patella on either side of the patellar ligament. The needle tip must not damage the
menisci or joint surfaces.



Part six. Anterior compartment of the leg

The front of the leg includes the subcutaneous surface of the tibia on the medial side and the extensor
muscular compartment on the anterolateral side.

The cutaneous nerves are derived from the femoral nerve over the tibia and from the common
peroneal nerve over the extensor compartment (Fig. 3.46). The saphenous nerve gives off its
infrapatellar branch, to supply the subcutaneous periosteum of the upper end of the tibia and the
overlying and adjacent prepatellar skin; it then descends just behind the great saphenous vein with
which it passes in front of the medial malleolus. It usually bifurcates above the malleolus, and the
branches run in front of and behind the vein. The main nerve (anterior branch) often extends on the
medial side of the foot as far as the bunion region: the first metatarsophalangeal joint. The lateral
cutaneous nerve of the calf, a branch of the common peroneal, supplies deep fascia and skin over the
upper parts of the extensor and peroneal compartments and the superficial peroneal nerve replaces it
over the rest of these surfaces.

The subcutaneous surface of the tibia has subcutaneous fat in direct contact with the periosteum; the
deep fascia here is blended with the periosteum. The great saphenous vein and the saphenous nerve
lie in the fat, accompanied by numerous lymphatic vessels which pass up from the foot to the vertical
group of superficial inguinal nodes. This is an important part of the course of the great saphenous
vein (see p. 113) for here it has most of its deep connections. Along the medial side of the calf behind
the medial border of the tibia a variable number of perforating (anastomotic) veins connect the great
saphenous with deep veins of the calf (Fig. 3.30). Their location is variable but there is usually one
just below and one about 10 cm above the medial malleolus, and another one a little below the
middle of the leg. Higher up, there is a perforator just distal to the knee, and a rather long perforator
in the lower thigh joining the great saphenous or one of its tributaries to the femoral vein in the
adductor canal. The perforators in the leg may connect instead with a superficial longitudinal trunk,
the posterior arch vein (Fig. 3.31), which usually joins the great saphenous some way below the
knee. When traced deeply through the deep fascia, some of the perforating veins in the leg are seen to
join the venae comitantes of the posterior tibial artery, while others join the venous plexus in soleus.
The valves in the perforating veins are directed inwards and are found where the veins pierce the
deep fascia and also where they join the deep veins. Much of the saphenous blood passes from
superficial to deep through the perforators, to be pumped upwards in the deep veins by the
contractions of soleus and other calf muscles. If the valves in the perforators become incompetent, the
direction of blood flow is reversed and the veins become varicose (Fig. 3.31).
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Figure 3.30 Prosection of the left leg in the Anatomy Museum of the Royal College of Surgeons of
England: medial aspect. The veins have been injected with blue resin. The medial head of
gastrocnemius has been detached from the femur and soleus from the tibia. Both muscles have been
reflected posteriorly.

The upper end of the subcutaneous surface of the shaft of the tibia receives the tendons of three
muscles that converge from the three constituent parts of the hip bone (Fig. 3.48). They are sartorius
(supplied by the femoral, the nerve of the ilium), gracilis (supplied by the obturator, the nerve of the
pubis) and semitendinosus (supplied by the sciatic, the nerve of the ischium) in that order from before
backwards. The three tendons are separated by a bursa which lies deep to the flattened sartorius
tendon.

The deep fascia of the leg covers only muscles, being attached to periosteum at all places where
bone is subcutaneous; these include the medial surface of the tibial shaft and malleolus, and the lateral
surface of the fibular malleolus and the triangular area above it. The deep fascia thus extends from the
anterior border of the tibia around the lateral aspect of the leg to the posterior border of the tibia,
enclosing the muscles of the leg. Two intermuscular septa pass from its deep surface to become
attached to the fibula. They enclose the peroneal compartment. Between the anterior intermuscular
septum and the tibia lies the extensor compartment, while between the posterior intermuscular septum
and the tibia posteriorly lies the much more bulky flexor compartment or calf of the leg. On account of
the attachment of the deep fascia to the subcutaneous surfaces of the leg bones and the presence of
intermuscular septa, any condition that increases the volume of the contents of these tight
compartments (e.g muscle swelling or haemorrhage following trauma) can cause vascular
compression and ischaemic damage to nerves and muscles. When such a compartment syndrome is
anticipated 1t should be prevented by an extensive incision of the deep fascia that covers the
compartment.

Extensor compartment

This compartment comprises the space between the deep fascia and the interosseous membrane,



bounded medially by the extensor surface of the tibia and laterally by the extensor surface of the
fibula and the anterior intermuscular septum. Its contents are muscles: tibialis anterior, extensor
hallucis longus, extensor digitorum longus, and peroneus tertius, together with the deep peroneal
nerve and anterior tibial vessels.

In its lower extent the deep fascia is thickened to form the superior extensor retinaculum (Fig.
3.32), which is attached to the anterior borders of the tibia and fibula. Deep to the retinaculum lie the
tendons of tibialis anterior, extensor hallucis longus, extensor digitorum longus and peroneus tertius,
in that order from medial to lateral, in front of the lower end of the tibia. Only the tibialis anterior
tendon has a synovial sheath here. The anterior tibial vessels and deep peroneal nerve are also deep
to the retinaculum, lying between extensor hallucis longus and extensor digitorum longus, with the
vessels medial to the nerve (Fig. 3.32).
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Figure 3.32 Left lower leg and dorsum of the foot.

Tibialis anterior

This muscle, which is readily palpable lateral to the tibia, arises from the upper two-thirds of the
extensor surface of the tibia, from the interosseous membrane and from the deep fascia overlying it.
The muscle descends as a tendon, enclosed in a synovial sheath, through the medial compartments of
the superior and inferior extensor retinacula, and is inserted into the medial and inferior surfaces of
the medial cuneiform and the adjacent part of the first metatarsal bone (Fig. 3.32).



Nerve supply. By the deep peroneal and recurrent genicular nerves (L4).

Action. Combined dorsiflexion of the ankle joint and inversion of the foot. Tibialis anterior helps to
maintain the medial longitudinal arch of the foot (see p. 160).

Test. The foot is dorsiflexed against resistance; the tendon can be seen and felt.

Extensor hallucis longus

This muscle arises from the middle half of the extensor surface of the fibula and the adjacent
interosseous membrane. The muscle lies deep at its origin, but emerges between tibialis anterior and
extensor digitorum longus in the lower part of the leg, where its tendon crosses in front of the anterior
tibial vessels and deep peroneal nerve from their lateral to medial sides. It passes deep to the
superior and is slung by the inferior extensor retinacula and proceeds along the medial side of the
dorsum of the foot to be inserted into the base of the terminal phalanx of the great toe. It has a separate
synovial sheath on the foot (Fig. 3.32).

Nerve supply. By the deep peroneal nerve (L5).

Action. To dorsiflex (anatomically this is to extend) the great toe. Secondarily it is a dorsiflexor of
the ankle.

Test. The big toe is dorsiflexed against resistance; the tendon can be seen and felt. This test is a useful
index of the L5 anterior ramus and spinal nerve.

Extensor digitorum longus

This muscle arises from the upper three-quarters of the extensor surface of the fibula, a small area on
the lateral condyle of the tibia and the interosseous membrane. Its tendon passes deep to the superior
extensor retinaculum and then acquires a synovial sheath, which it shares with the tendon of peroneus
tertius, and is enclosed in a loop of the interior extensor retinaculum. It divides into four tendons
which diverge superficial to extensor digitorum brevis and are inserted into the lateral four toes (Fig.
3.32). Their mode of insertion is the same as that of the extensor digitorum tendons in the hand. A
dorsal extensor expansion over the proximal phalanx divides into three slips, the central (middle) slip
being inserted into the base of the middle phalanx. The two side slips reunite after being joined by the
tendons of the interossei and lumbricals and are inserted into the base of the distal phalanx.

Nerve supply. By the deep peroneal nerve (LS, S1).
Action. To dorsiflex the lateral four toes.
Test. The four lateral toes are dorsiflexed against resistance; the tendons can be seen and felt.

Peronius tertius

Peronius (fibularis) tertius arises from the lower third of the extensor surface of the fibula. The
tendon passes deep to the superior extensor retinaculum and through the stem of the inferior
retinaculum, where it shares the synovial sheath of extensor digitorum longus, and is inserted into the
dorsum of the base of the fifth metatarsal bone and by an extension into the superior surface of that

bone (Fig. 3.32).



Nerve supply. By the deep peroneal nerve (L5, S1).
Action. To dorsiflex and evert the foot.

The deep peroneal (deep fibular) nerve arises within peroneus longus, over the neck of the fibula, at
the bifurcation of the common peroneal nerve. It spirals around the neck of the fibula deep to the
fibres of extensor digitorum longus, and so reaches the interosseous membrane, on the lateral side of
the anterior tibial vessels. With them it lies between extensor digitorum longus and tibialis anterior.
In the middle of the leg the neurovascular bundle lies on the interosseous membrane between tibialis
anterior and extensor hallucis longus. The latter muscle then crosses in front of the bundle, and lies on
its medial side. The deep peroneal nerve supplies the four muscles of the extensor compartment of the
leg.

The anterior tibial artery, formed at the bifurcation of the popliteal artery in the calf, passes
forwards through the upper part of the interosseous membrane near the neck of the fibula, with a
companion vein on each side. The artery with its companion veins runs vertically downwards on the
interosseous membrane and crosses the lower end of the tibia at the front of the ankle joint, midway
between the malleoli, where it changes its name to the dorsalis pedis artery. It gives off an anterior
recurrent branch, which pierces tibialis anterior, to the arterial anastomosis around the upper end of
the tibia. (An inconstant posterior recurrent branch arises in the popliteal fossa.) The anterior tibial
artery supplies the muscles of the extensor compartment and gives malleolar branches to both
malleolar regions. The deep peroneal nerve reaches it from the lateral side, runs in front of it in the
crowded space of the middle of the leg and returns to its lateral side below. The accompanying
anterior tibial veins run, one on each side of the artery, in close contact with it and anastomose by
cross channels at frequent intervals.

Tibiofibular joints

The superior tibiofibular joint is a synovial joint between the lateral tibial condyle and the fibular
head. The articulating surfaces are almost flat. The capsule is reinforced by anterior and posterior
ligaments. The joint cavity may occasionally communicate posteriorly with the bursa deep to the
popliteus tendon and thence with the knee joint.

The interosseous membrane consists of strong fibres that slope steeply from the tibia down to the
fibula, and are continuous distally with the interosseous tibiofibular ligament.

The inferior tibiofibular joint is a fibrous joint (syndesmosis) between the convex medial surface of
the distal end of the fibula and the concave fibular notch of the distal tibia. The bones are held
together by anterior and posterior tibiofibular ligaments and are strongly bound by the interosseous
tibiofibular ligament, whose fibres occupy the triangular area on each bone at the lower end of the
interosseous border (Fig. 3.54).




Maleoks foesn |

L R

Figure 3.54 Lower ends of the left and right fibulas, distinguished by the position of the malleolar
fossa behind the triangular articular area.

Only slight movements occur at the tibiofibular joints, the fibula rotating laterally a little during
dorsiflexion at the ankle.



Part seven. Dorsum of the foot

The skin of the dorsum of the foot is supplied mainly by the superficial peroneal nerve, assisted by the
deep peroneal, saphenous, and sural nerves (Fig. 3.46). The large veins form a dorsal venous arch
which receives most of its blood by marginal and interosseous tributaries from the sole of the foot.
The dorsal venous arch, lying over the heads of the metatarsals, drains from its medial and lateral
ends into the great and small saphenous veins respectively.

The superficial peroneal (superficial fibular) nerve becomes subcutaneous in the distal third of the
leg and divides into medial and lateral branches which supply the skin of the dorsum of the foot. The
medial branch further divides to supply the medial side of the dorsum of the great toe and the sides of
the second cleft. The lateral branch divides to supply the third and fourth clefts. The lateral side of the
foot and lateral side of the little toe are supplied by the sural nerve, while the first cleft is supplied by
the deep peroneal nerve. The skin over the terminal phalanges is supplied by the medial and lateral
plantar nerves. The medial side of the foot, usually as far forward as the first metatarsophalangeal
joint, is supplied by the termination of the saphenous nerve.

The subcutaneous layer of the dorsum of the foot, as of the hand, contains little fat in most people, and
the veins are consequently easily seen when distended.

The deep fascia on the dorsum of the foot binds down the underlying tendons. A Y-shaped thickening
of the fascia, the inferior extensor retinaculum, prevents bowstringing of the extensor tendons as they
pass across the front of the ankle joint.

The inferior extensor retinaculum arises by a stem from the anterior part of the upper surface of the
calcaneus, on the lateral border of the dorsum of the foot (Fig. 3.32). From the stem two limbs
diverge. The upper limb is attached to the medial malleolus, the lower limb arches across the tendons
on the dorsum and blends with the plantar aponeurosis under the medial longitudinal arch of the foot.
Most of the inferior retinacular fibres, however, sling around the tendons and return to be attached to
the calcaneus, and only the superficial fibres pass across to the medial malleolus and plantar
aponeurosis. All the extensor tendons are enclosed in synovial sheaths where they are slung in the
inferior extensor retinaculum.

Extensor digitorum brevis

This is a muscle whose fleshy belly can be seen in most feet and felt in all. It arises from the upper
surface of the calcaneus and from the deep surface of the stem of the Y-shaped inferior extensor
retinaculum. It passes obliquely across the dorsum of the foot and gives off four tendons to the medial
four toes. The tendon to the great toe is different from the others and is named extensor hallucis
brevis. Its belly usually separates early from the main muscle mass and the tendon is inserted
separately into the base of the proximal phalanx of the great toe. As in the thumb, so in the great toe
there 1s no dorsal extensor expansion. The remaining three tendons are inserted into the dorsal
extensor expansions of the second, third and fourth toes. All four tendons of the muscle pass deep to
the tendons of extensor digitorum longus.

Nerve supply. By the deep peroneal nerve (S1, 2).

Action. To extend the medial four toes. It is particularly of value when the long extensor is out of



action, in the fully dorsiflexed ankle.

Test. The toes are dorsiflexed and the muscle belly is observed and palpated towards the lateral side
of the dorsum of the foot.

The anterior tibial artery, lying over the lower end of the tibia midway between the malleoli, extends
forwards as the dorsalis pedis artery (Fig. 3.32). This runs to the base of the first intermetatarsal
space and passes down into the sole, where it joins the lateral plantar artery to complete the plantar
arch. It lies between the tendon of extensor hallucis longus medially and the digital branch of the deep
peroneal nerve laterally, and it is crossed by the tendon of extensor hallucis brevis. Its pulsation can
be palpated lateral to the extensor hallucis longus tendon on a line from the midpoint between the two
malleoli towards the first toe cleft, on the underlying navicular and intermediate cuneiform bones.
Occasionally the vessel is replaced by an enlarged perforating peroneal artery, anastomosing with the
lateral malleolar branch of the anterior tibial artery. It has three named branches. The lateral tarsal
artery runs laterally beneath extensor digitorum brevis to supply that muscle and the underlying tarsal
bones; a smaller medial tarsal artery passes to the medial border of the foot. The arcuate artery runs
laterally beneath the tendons of extensor digitorum brevis over the bases of the metatarsal bones. It
gives off dorsal metatarsal arteries which supply digital branches to the lateral three clefts. Each
metatarsal artery gives off a perforating branch at the posterior and anterior end of its intermetatarsal
space to communicate with the plantar arch and its metatarsal branches. It is the accompanying
perforating veins that are responsible for bringing much of the blood from the sole of the foot through
the intermetatarsal spaces to the dorsal venous arch. The first dorsal metatarsal artery, given off
just before the dorsalis pedis enters the sole, supplies the first cleft and the medial side of the dorsum
of the great toe.

The deep peroneal (deep fibular) nerve crosses the tibia lateral to the artery, midway between the
malleoli. It passes forward, deep to the tendons, on the lateral side of the dorsalis pedis artery, to
pierce the deep fascia and supply the first cleft. It gives off a branch which curves laterally beneath
the muscle belly of extensor digitorum brevis supplying this muscle and the underlying periosteum and
joint capsules. It also gives a branch as an additional supply to the first dorsal interosseous muscle.



Part eight. Lateral compartment of the leg

This muscular compartment lies between the peroneal surface of the fibula and deep fascia of the leg
and 1s bounded in front and behind by the anterior and posterior intermuscular septa. It contains the
peroneus longus and brevis muscles and the superficial peroneal nerve. Its blood supply is derived
from branches of the peroneal artery which pierce flexor hallucis longus and the posterior
intermuscular septum. Its veins drain, for the most part, into the small saphenous vein.

Peroneus longus and peroneus brevis

Peroneus (fibularis) longus arises from the head and the upper two-thirds of the peroneal surface of
the fibula and from the intermuscular septa. Peroneus (fibularis) brevis arises from the lower two-
thirds of the fibula; in the middle third of the bone its origin lies in front of that of peroneus longus and
the two muscles, and their tendons maintain this relationship.

The broad tendon of peroneus brevis lies behind (and grooves) the lateral malleolus. The narrower
tendon of peroneus longus lies on that of brevis and does not come into contact with the malleolus.
The two tendons pass forwards to the peroneal trochlea on the lateral surface of the calcaneus, which
separates them. The tendon of brevis passes above the peroneal trochlea to be inserted into the
tubercle at the base of the fifth metatarsal bone. The tendon of peroneus longus passes below the
peroneal trochlea and enters the sole of the foot, lying against the posterior ridge of the groove on the
cuboid bone. Here the tendon possesses a sesamoid fibrocartilage which often ossifies. The tendon
crosses the sole obliquely to be inserted into the lateral side of the base of the first metatarsal and the
adjoining part of the medial cuneiform (Fig. 3.38).
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Figure 3.38 Plantar muscles and tendons of left foot: fourth layer.




The tendons are bound down at the lateral malleolus by the superior peroneal retinaculum, a band of
deep fascia that extends from the back of the malleolus to the lateral surface of the calcaneus; and at
the peroneal trochlea by the inferior peroneal retinaculum, a band of fascia attached to the peroneal
trochlea and to the calcaneus above and below the peroneal tendons. Its upper part is continuous with
the stem of the Y-shaped inferior extensor retinaculum. The two tendons are enclosed in a common
synovial sheath from above the lateral malleolus to the peroneal trochlea, where the sheath divides to
accompany each tendon separately to its insertion.

Nerve supplies. Both muscles are supplied by the superficial peroneal nerve (LS5, S1).

Action. Both muscles evert, and weakly plantarflex, the foot; they are the plantarflexors when the
tibial nerve is paralysed. In addition, peroneus longus is a factor in maintaining the lateral
longitudinal and transverse arches of the foot (see p. 161).

Test. The foot 1s everted and the tendons can be seen and felt below the lateral malleolus.

The superficial peroneal (superficial fibular) nerve begins in the substance of peroneus longus at the
division of the common peroneal nerve. It passes downwards in the muscle and emerges at its
anterior border behind the anterior intermuscular septum. It supplies both peronei, pierces the deep
fascia between the middle and lower third of the leg, and divides into medial and lateral branches.
(The distribution on the dorsum of the foot has been described on page 145.) It also supplies the skin
of the anterolateral aspect of the lower leg (Fig. 3.46).



Part nine. Posterior compartment of the leg

This is commonly called the calf. The skin of the upper half of the calf is supplied by the termination
of the posterior femoral cutaneous nerve. Below this level the sural and sural communicating nerves,
from tibial and common peroneal nerves, supply the back and lateral side of the calf, and the
saphenous nerve supplies the medial side (Fig. 3.47).

The small (short) saphenous vein, draining the lateral side of the dorsal venous arch and the lateral
margin of the foot, lies with the sural nerve behind the lateral malleolus. It passes upwards in the
subcutaneous fat to the midline of the calf and pierces the deep fascia anywhere from midcalf to the
roof of the popliteal fossa. It usually runs within and then beneath the deep fascia for some distance
before it enters the popliteal vein. It communicates by several channels with the great saphenous vein.

The deep fascia 1s thickened above the heel, where it is attached to the tibia and fibula, across the
back of the tendo calcaneus (Achilles' tendon), forming a ‘pulley’ for the tendon and separated from it
by a bursa. A further thickening of fascia, the flexor retinaculum, bridges the deep flexor tendons and
neurovascular bundle; it extends posteriorly from the tip of the medial malleolus to the medial
process of the calcaneus.

The muscles of the calf, the posterior compartment of the leg, fall into superficial and deep groups,
with the deep transverse fascia of the leg between them. This fibrous septum extends transversely
from the soleal line and posterior border of the tibia to the posterior border of the fibula; it is
continuous above with the fascia covering the popliteus. Both the superficial and deep compartments
require decompression by incising the deep fascia and the deep transverse fascia when local
conditions predispose to the development of the compartment syndrome in the calf (p. 142). The
superficial muscles consist of gastrocnemius, plantaris and soleus which all converge on a thick
tendon at the back of the heel, the tendo calcaneus or Achilles' tendon. They are the main
plantarflexors of the ankle joint. The deep group includes popliteus (see p. 134), and three muscles—
flexor digitorum longus, flexor hallucis longus and tibialis posterior—whose tendons pass under the
flexor retinaculum into the sole of the foot. The nerve of the posterior compartment is the tibial part of
the sciatic, and the arteries are the posterior tibial (from the popliteal) and its peroneal branch.

Superficial muscles of the calf

Gastrocnemius and plantaris

The lateral head of gastrocnemius arises on the lateral surface of the lateral femoral condyle, from a
smooth pit above that of popliteus; the pits are separated by the epicondyle (Fig. 3.21). The medial
head of gastrocnemius arises from the back of the medial condyle and the popliteal surface of the
shaft of the femur (Fig. 3.19). There is a bursa between each head and the capsule of the knee joint.
The medial bursa communicates with the joint cavity and the lateral bursa may do so. The medial
bursa may also communicate with the semimembranosus bursa.

The two heads converge to lie side by side (Fig. 3.33), and the larger medial head extends to a lower
level than the lateral head. The broad bellies of the muscle insert into a dense aponeurosis on their
anterior surfaces, bearing on the soleus muscle (Fig. 3.30). The aponeurosis blends with that of soleus
to form the tendo calcaneus, which is inserted into a smooth transverse area on the middle third of the
posterior surface of the calcaneus. A bursa lies between it and the upper part of the calcaneus. A



second bursa lies between it and the thickened deep fascia 5 cm above its insertion.
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Figure 3.33 Cross-section of the middle of the right leg, looking towards the knee. Tibialis
posterior is the deepest calf muscle, immediately behind the interosseous membrane. Note the
many veins associated with soleus—a potential site of dangerous deep venous thrombosis.

Plantaris arises from the lower part of the lateral supracondylar line of the femur. Its slender tendon
runs distally and medially, deep to the medial head of gastrocnemius (Fig. 3.18), and continues along
the medial border of the tendo calcaneus with which it fuses. It can be harvested for use as a tendon
graft but is absent unilaterally or bilaterally in about 10-20% of subjects.

Soleus

The muscle arises from the upper quarter of the back of the fibula, including the head of the bone,
whence a fibrous arch (which bridges over the popliteal vessels and tibial nerve) carries it in
continuity to the soleal line of the tibia and the middle third of the posterior border of the tibia (Fig.
3.34). The muscle has a dense aponeurosis upon either surface and muscle fibres that slope
downwards from the anterior to the posterior lamella; these fleshy fibres are visible at the medial and
lateral borders of the muscle. The posterior (superficial) lamella is continued at its lower end into the
tendo calcaneus, and the muscle fibres of soleus are received into its deep surface down to within a
short distance of the calcaneus.
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Figure 3.34 Left popliteal, posterior tibial and peroneal arteries: posterior aspect. A high origin of
the peroneal artery from the posterior tibial artery makes the popliteal artery appear in some
arteriograms as though it ends by trifurcating.

Perforating veins from the great saphenous vein enter the substance of soleus. The muscle contains a
rich plexus of veins (Fig. 3.33), and these are pumped empty by contraction of the muscle, thus aiding
venous return. Stagnation in these veins predisposes to deep venous thrombosis and the danger of
pulmonary embolism. The ‘soleal pump’ is aided by the ‘sole pump’ (see p. 155).

Nerve supply. All three muscles are supplied by the tibial nerve (S1, 2). Each head of gastrocnemius
receives a branch from the nerve in the popliteal fossa, and the lateral branch usually supplies
plantaris as well. Soleus receives two branches, one from above the muscle in the popliteal fossa and
one on its deep surface in the calf. In cases of intractable intermittent claudication both branches must
be cut if soleus is to be completely denervated.

Actions. Soleus and gastrocnemius are the chief plantar flexors of the foot, and gastrocnemius is also
a flexor of the knee. The powerful multipennate soleus is an antigravity muscle. In standing it
contracts alternately with the extensor muscles of the leg to maintain balance. It is a very strong but
relatively slow plantar flexor of the ankle joint, a necessary mechanical result of the obliquity of its
multipennate fibres. The gastrocnemius bellies provide the necessary rapid contraction required for
propulsion in fast walking, running and leaping. One strolls along quietly mainly with soleus; one
wins the long jump mainly with gastrocnemius.

Test. The foot is plantarflexed against resistance; the tendo calcaneus and muscles above it can be
seen contracting and can be palpated.

Deep muscles




The deep muscles of the calf consist of flexor digitorum longus, flexor hallucis longus and tibialis
posterior. Their three tendons pass under the flexor retinaculum into the sole of the foot. Those of
tibialis posterior and flexor hallucis longus are parallel throughout their course, the tibialis medial to
the hallucis. The tendon of flexor digitorum longus takes an oblique course superficial to both. In the
calf it lies medially, crosses tibialis posterior to lie under the flexor retinaculum between the two,
and in the sole it crosses flexor hallucis longus to pass to the lateral four toes.

Flexor digitorum longus

This muscle arises from the posterior surface of the tibia below the soleal line. The tendon of the
muscle slopes downwards across the posterior surface of the tendon of tibialis posterior in the lower
part of the leg. Enclosed in a synovial sheath it passes deep to the flexor retinaculum. It passes along
the medial side of the sustentaculum tali of the calcaneum and enters the sole of the foot, where it
crosses the inferior surface of the tendon of flexor hallucis longus (Fig. 3.37). At this point it divides
into four tendons, the medial two of which receive a strong slip from the tendon of flexor hallucis
longus. The four tendons at their commencement receive the insertion of the flexor accessorius
muscle. More distally each gives origin to a lumbrical muscle. The tendons pass into the fibrous
flexor sheaths of the lateral four toes, perforate the tendons of flexor digitorum brevis, and are
inserted into the bases of the distal phalanges.
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Figure 3.37 Plantar muscles of left foot: second and third layers.

Nerve supply. By the tibial nerve (S1, 2).



Action. Its principal action is to plantarflex the lateral four toes and, secondarily, to plantarflex the
ankle joint. Its tonus, with that of the other deep calf muscles, assists in maintaining the longitudinal
arch of the foot (see p. 160).

Flexor hallucis longus

This 1s the bulkiest and most powerful of the three deep muscles of the calf. It arises from the flexor
surface of the fibula and from the interosseous membrane (Fig. 3.51).

The fibres spiral down to be inserted into a central tendon which escapes from the muscle just at the
lower end of the tibia, hence ‘beef to the heel” describes the flexor hallucis longus (Fig. 3.34). The
tendon passes deep to the flexor retinaculum, enclosed in a synovial sheath. It grooves the posterior
surface of the talus and the undersurface of the sustentaculum tali (Figs 3.44 and 3.57), from where it
passes directly forwards like a bowstring beneath the arched medial border of the foot to be inserted
into the base of the distal phalanx of the great toe.

Figure 3.44 Left foot from the medial side, with the axis of inversion and eversion indicated by the
interrupted arrow. The inverting tendons pull at right angles around the axis. The everting peroneal
tendons act in a similar way on the lateral side.
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Figure 3.57 Left tarsal bones, from below.




It is crossed in the sole by the tendons of flexor digitorum longus and gives a strong slip to the medial
two of these (those for the second and third toes). In the calf the peroneal artery runs down deep to the
muscle on the tibialis posterior.

Nerve supply. By the tibial nerve (S1, 2).

Action. Its principal action is to flex the great toe, and it 1s significant that this is the ‘take-off” point,
the last part to leave the ground in propulsion (see p. 162). It plantarflexes the ankle joint
simultaneously. The pull of this powerful muscle is an important factor in maintaining the medial
longitudinal arch of the foot.

Tests. The terminal phalanges of the great toe (for flexor hallucis longus) and of other toes (for flexor
digitorum longus) are flexed against resistance.

Tibialis posterior

Tibialis posterior is the most deeply placed muscle in the calf. It arises from the interosseous
membrane and the adjoining surface of both bones of the leg below the origin of soleus. Enclosed in a
synovial sheath, the tendon passes deep to the flexor retinaculum and grooves the back of the medial
malleolus (Fig. 3.35). It passes forward above the medial side of the sustentaculum tali, superficial to
the deltoid ligament (see p. 156) and is inserted mainly into the tuberosity of the navicular. Tendinous
slips also pass to the sustentaculum tali, all three cuneiforms, the cuboid and the second, third and
fourth metatarsals. The proximal attachment of the muscle consists of two pointed processes, between
which the anterior tibial vessels pass.
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Figure 3.35 Left ankle region: medial aspect.

Nerve supply. By the tibial nerve (L4).



Action. 1t inverts and adducts the forefoot and, since it passes behind the medial malleolus, it
plantarflexes the ankle joint. It contributes to maintaining the medial longitudinal arch of the foot.

Test. With the foot in slight plantarflexion, it is inverted against resistance; the tendon can be felt
behind the medial malleolus.

The posterior tibial artery arises at the lower border of the popliteus, where the popliteal artery
divides into anterior and posterior tibial branches. It passes under the fibrous arch in the origin of
soleus and runs down on tibialis posterior, between flexor digitorum longus and flexor hallucis
longus. It ends under the flexor retinaculum by dividing into medial and lateral plantar arteries. It is
accompanied throughout its course by a pair of venae comitantes which frequently communicate with
each other around the artery.

The pulsation of the artery can be palpated behind the medial malleolus, 2.5 cm in front of the medial
border of the tendo calcaneus. It can be exposed here, e.g. for making an arteriovenous shunt with the
great saphenous vein for haemodialysis.

Branches. The peroneal (fibular) artery arises 2.5 cm distal to popliteus. Its proximal course is in
line with the popliteal artery (Fig. 3.34), and in some arteriograms the latter may appear to have
trifurcated into anterior and posterior tibial and peroneal arteries. It runs distally in a fibrous canal
between flexor hallucis longus and tibialis posterior, giving branches to the calf muscles and others
that wind around the fibula to supply peroneus longus and brevis. It gives a nutrient artery to the
fibula. It ends by dividing into a perforating branch which pierces the interosseous membrane to enter
the extensor compartment and a lateral calcanean branch to the lateral side of the heel. The
perforating branch may replace or supplement the dorsalis pedis artery.

The circumflex fibular artery passes laterally around the fibular neck to join the arterial anastomosis
around the knee. The large nutrient artery to the tibia pierces tibialis posterior and runs downwards
to enter the bone just distal to the soleal line. Muscular branches supply soleus and the deep flexors.
Medial calcanean branches pierce the flexor retinaculum and supply the medial side of the heel.

The tibial nerve runs straight down the midline of the calf, deep to soleus. The posterior tibial artery
is at first lateral to it, but passes anterior to it and continues downwards on its medial side. The nerve
ends under the middle of the flexor retinaculum by dividing into the medial and lateral plantar nerves
(Fig. 3.35); its surface marking is from the middle of the popliteal fossa to midway between the
medial malleolus and the tendo calcaneus.

It is the nerve of the flexor compartment, giving branches to soleus, flexors digitorum longus, hallucis
longus and tibialis posterior. It gives medial calcanean nerves which pierce the flexor retinaculum to
supply the skin of the heel, including the weight-bearing surface (Fig. 3.35).



Part ten. Sole of the foot

The skin of the sole is supplied from the medial and lateral plantar nerves by branches that perforate
the plantar aponeurosis along each edge of its strong central portion. Blood vessels accompany all the
cutaneous nerves of the sole. The plantar surfaces of the toes are supplied by digital branches of the
medial (three and a half toes) and lateral (one and a half toes) plantar nerves. The plantar digital
nerves also supply the nail bed and surrounding skin. The median and ulnar nerve distributions to the
fingers are identical.

The subcutaneous tissue in the sole, as in the palm, differs from that of the rest of the body in being
more fibrous. Fibrous septa divide the tissue into small loculi which are filled with a rather fluid fat
under tension, so that the cut tissue bulges. This makes a shock-absorbing pad, especially over the
heel. The septa anchor the skin to the underlying plantar aponeurosis and limit the mobility of the skin.

T he plantar aponeurosis (fascia) is composed of dense collagen fibres arranged mainly
longitudinally. It arises posteriorly from the medial process of the calcaneus and fans out over the
sole (Fig. 3.36). It divides into five bands, one for each toe. Just distal to the metatarsal heads, these
are connected by transverse fibres, the superficial transverse metatarsal ligament. The digital slips
bifurcate for the passage of the flexor tendons and are inserted around the edges of the fibrous flexor
sheaths and into the deep transverse metatarsal ligaments that unite the plantar ligaments of adjacent
metatarsophalangeal joints. From each edge of the plantar aponeurosis a septum penetrates the sole,
separating the flexor digitorum brevis from the abductors of big and little toes. The septa are attached
to the first and fifth metatarsal bones. The abductors of the big and little toes, lying along the margins
of the sole, are covered by deep fascia that is much thinner than the central plantar aponeurosis.

Figure 3.36 Left plantar aponeurosis.

The muscles of the sole are arranged in four layers. The superficial layer consists of three short
muscles that cover the sole, beneath the plantar aponeurosis. The second layer consists of long



tendons to the digits, and their connections. The third layer consists of the short muscles of the great
and little toes; it is confined to the metatarsal region of the foot. The fourth layer consists of both
plantar and dorsal interossei and it includes also the tendons of peroneus longus and tibialis
posterior. The segmental nerve supply of all the muscles is essentially S2.

First layer

Three short muscles lie side by side along the sole of the foot. The central of these, flexor digitorum
brevis, is the counterpart of flexor superficialis in the upper limb, and is represented in the palm by
the four tendons of that muscle.

Flexor digitorum brevis arises from the medial process of the calcaneus and the deep surface of the
central part of the plantar aponeurosis. It divides into four tendons which pass to the lateral four toes.
Each tendon enters the fibrous flexor sheath on the plantar aspect of its digit, divides and spirals
around the long flexor tendon, and partially reunites in a chiasma before dividing again to be inserted
into the sides of the middle phalanx. This is an identical arrangement with that of the flexor digitorum
superficialis.

Nerve supply. By the medial plantar nerve.
Action. To flex the toes with equal effect in any position of the ankle joint.

Abductor hallucis arises from the medial process of the calcaneus and from the flexor retinaculum. It
runs along the medial margin of the foot (Fig. 3.36) to be inserted into the medial side of the base of
the proximal phalanx of the great toe.

Nerve supply. By the medial plantar nerve.
Action. It abducts the great toe.

Abductor digiti minimi arises from both medial and lateral processes of the calcaneus, deep to the
origin of flexor digitorum brevis. It lies along the lateral margin of the foot (Fig. 3.36). Its tendon is
inserted into the lateral side of the base of the proximal phalanx of the fifth toe and the tubercle of the
fifth metatarsal bone.

Nerve supply. By a branch from the main trunk of the lateral plantar nerve.

Action. It abducts the little toe.

Second layer

This consists of the long flexor tendons and their connections in the sole.

The tendon of flexor hallucis longus passes forward like a bowstring beneath the medial longitudinal
arch of the foot (Fig. 3.44). It is crossed inferiorly by the tendon of flexor digitorum longus, to the
medial two of whose divisions it gives off a strong slip. It next lies in a groove between the two
sesamoids beneath the head of the first metatarsal bone, and finally is inserted into the base of the
distal phalanx of the big toe (Fig. 3.37). It 1s invested by a synovial sheath throughout its whole
course in the foot.



The tendon of flexor digitorum longus enters the sole on the medial side of the tendon of flexor
hallucis longus. At its point of division into its four tendons of insertion it crosses superficial to the
tendon of flexor hallucis longus, which gives a strong slip to the tendons for the second and third toes.
It also receives the insertion of flexor accessorius (Fig. 3.37). The four tendons pass forwards in the
sole deep to those of flexor digitorum brevis and after giving off the lumbricals they enter the fibrous
sheaths of the lateral four toes. Each tendon perforates the tendon of flexor digitorum brevis and
passes on to be inserted into the base of the distal phalanx.

Flexor accessorius arises by a large medial head from the medial surface of the calcaneus and by a
small lateral head that arises from the lateral border of the plantar surface of the calcaneus; they
converge on the muscle belly. The posterior part of the long plantar ligament is visible in the
triangular interval between the two heads. The muscle belly is inserted into the tendon of flexor
digitorum longus as it subdivides into tendons for the digits.

Nerve supply. By the main trunk of the lateral plantar nerve.

Action. By pulling on the tendons of flexor digitorum longus, it provides a means of flexing the lateral
four toes in any position of the ankle joint. It also straightens the pull of the long flexor tendons on the
toes.

The lumbrical muscles arise from the tendons of flexor digitorum longus, and pass forward on the
medial (big toe) sides of the metatarsophalangeal joints of the lateral four toes (Fig. 3.37). (In the
hand the lumbricals are on the thumb side of the corresponding joints.) Their tendons lie on the
plantar surfaces of the deep transverse ligament of the metatarsal heads and pass dorsally to be
inserted into the extensor expansions.

Nerve supply. As in the hand, a lumbrical supplied by the medial plantar (cf. median) nerve is
unicipital; one supplied by the lateral plantar (cf. ulnar) nerve is bicipital. In the foot only the first
lumbrical 1s supplied by the medial plantar nerve; it arises by a single head from its own tendon. The
lateral three lumbricals are supplied by the lateral plantar nerve (deep branch) and each arises by two
heads from the adjoining sides of the tendons.

Action. The lumbricals maintain extension of the digits at the interphalangeal joints while the flexor
digitorum longus tendons are flexing the toes, so that in walking and running the toes do not buckle
under.

Third layer

This consists, like the first layer, of three muscles but they are shorter and confined to the metatarsal
region of the foot. Two act on the big toe, one on the little toe.

Flexor hallucis brevis lies against the undersurface of the metatarsal bone of the first toe. It arises
from the cuboid, the lateral cuneiform and the tendon of tibialis posterior. The belly of the muscle
splits into two parts which are inserted, each by way of a sesamoid bone, into the medial and lateral
sides of the base of the plantar surface of the proximal phalanx of the great toe. The medial insertion
blends with that of abductor hallucis, the lateral with that of adductor hallucis.

Nerve supply. By the medial plantar nerve.



Action. To flex the proximal phalanx of the big toe.

Adductor hallucis has two heads. The large oblique head arises anterior to flexor hallucis brevis,
from the long plantar ligament where it roofs over the peroneus longus tendon, and from the bases of
the second, third and fourth metatarsal bones. The slender transverse head has no bony origin; it
arises from the deep transverse ligament and from the plantar ligaments of the lateral four
metatarsophalangeal joints. The two heads unite in a short tendon which is inserted, with the lateral
insertion of flexor hallucis brevis, into the lateral side of the plantar surface of the base of the
proximal phalanx of the big toe (Fig. 3.37).

Nerve supply. By the deep branch of the lateral plantar nerve.

Action. The muscle draws the big toe towards the axis of the metatarsus and assists in maintaining the
transverse arch.

Flexor digiti minimi brevis arises from the base of the fifth metatarsal bone and the adjoining fibrous
sheath of peroneus longus. The muscle belly lies along the undersurface of the fifth metatarsal bone.
Its tendon is inserted into the base of the proximal phalanx medial to the insertion of abductor digiti

minimi (Fig. 3.37).
Nerve supply. By the superficial branch of the lateral plantar nerve.

Action. To assist in flexing the little toe.

Fourth layer

The fourth layer of muscles consists of the interossei in the intermetatarsal spaces. The tendons of
tibialis posterior and peroneus longus, lying deeply against the undersurface of the tarsus, are
conveniently included in this layer.

Interosseous muscles

The actions of the interossei of the foot (Fig. 3.38), as of the hand, are indicated by the mnemonic
‘PAD and DAB’: the plantar adduct and the dorsal abduct, but with the important difference that the
longitudinal axis of the foot has shifted medially, and lies along the second metatarsal bone and the
phalanges of the second toe (which is usually the longest toe). As in the hand, a plantar interosseous
arises from the metatarsal bone of its own toe, while the bulkier dorsal interosseous arises by two
heads from the two metatarsals between which it lies.

The three plantar adducting muscles adduct towards the second toe. The first toe has its own adductor
mechanism (oblique and transverse heads of adductor hallucis) so that only the lateral three toes
require adducting interossei. The first, second and third plantar interossei, each arising from the
metatarsal bone of its own digit, are inserted by tendons into the medial sides of the third, fourth and
fifth digits. The three tendons pass dorsal to the deep transverse ligament of the metatarsal heads and
are inserted chiefly into the bases of the proximal phalanges, and also into the dorsal extensor
expansion.

The four dorsal abducting muscles abduct away from the line of the second toe. The big and little toes
each possess an abductor muscle. The second requires an abducting muscle on each side while the



third and fourth require a single muscle each to abduct the digit laterally, away from the second toe.
Each arises from both bones of its own intermetatarsal space. The first is inserted on the big toe side
of the second toe, the second, third and fourth on the little toe side of the second, third and fourth toes.
The tendons are inserted chiefly into the bases of the proximal phalanges, and each also gives an
extension to the dorsal extensor expansion.

Nerve supplies. All interossei are supplied by the lateral plantar nerve. Those of the fourth space are
supplied by the superficial branch, all the remainder by the deep branch.

Action. The adducting and abducting actions of the interossei are of little significance in the human
foot. It 1s more important that they assist the lumbricals in extending the interphalangeal joints
(through the extensor expansions), and they flex the metatarsophalangeal joints (by their attachments to
the proximal phalanges).

The tendon of peroneus longus crosses the sole obliquely (Fig. 3.38). It lies against the posterior
ridge of the groove, under the cuboid. At the lateral margin of the foot it contains a sesamoid
fibrocartilage which may be ossified. As it crosses the groove of the cuboid it is held in position by
the long plantar ligament, which is attached to the anterior and posterior ridges as it bridges the
groove. Emerging from this tunnel the tendon proceeds to its insertion at the base of the first
metatarsal and adjoining area on the lateral surface of the medial cuneiform. A synovial sheath
accompanies it throughout its course.

The tendon of tibialis posterior lies above the sustentaculum tali and spring ligament and 1s inserted
mainly into the tuberosity of the navicular (Fig. 3.44). From its insertion many bands of fibres are
traceable to other parts of the foot; usually described as insertions of the muscle, they are rather in the
nature of ligaments. They pass to the sustentaculum tali, all three cuneiforms, the floor of the groove in
the cuboid and the bases of the second, third and fourth metatarsals (Fig. 3.38).

Vessels and nerves

These are derived from the posterior tibial neurovascular bundle in the calf. The posterior tibial
artery and tibial nerve divide, each into medial and lateral plantar branches, under cover of the flexor
retinaculum. On the medial and lateral borders of the sole the artery is more marginal than the nerve
and each artery is accompanied by a pair of venae comitantes. Where they cross, the nerve is nearer
the skin. The plantar arteries and nerves lie between the first and second layers, inferior to the long
tendons.

The medial plantar artery is smaller than its fellow; it gives rise to no plantar arch and its digital
supply is restricted practically to the big toe. In the hand there are two palmar arches, a superficial
from the ulnar artery, and a deep from the radial artery; but in the foot there is only one plantar arch,
derived from the lateral plantar artery.

The medial plantar nerve (Fig. 3.37) supplies abductor hallucis, flexor digitorum brevis, flexor
hallucis brevis and the first lumbrical; in addition it gives off digital cutaneous branches that supply
the medial three and a half toes. Its most lateral cutaneous branch communicates with the neighbouring
lateral plantar digital branch across the plantar surface of the fourth metatarsophalangeal joint, where
pressure on the nerve may give rise to the painful condition known as metatarsalgia.



The lateral plantar artery crosses the sole obliquely deep to the first layer of the sole, towards the
base of the fifth metatarsal bone. It gives off a branch that accompanies the superficial branch of the
lateral plantar nerve, but its main trunk accompanies the deep branch of the nerve to form the plantar
arch. The plantar arch curves convexly forwards, across the bases of the fourth, third and second
metatarsals and is joined in the proximal part of the first intermetatarsal space by the dorsalis pedis
artery.

From the convexity of the plantar arch plantar metatarsal arteries run forwards and bifurcate to supply
the four webs and digits. Perforating arteries from the plantar arch and its metatarsal arteries
reinforce the dorsal metatarsal arteries.

The veins accompanying the perforating arteries take most of the blood from the sole and from the
interosseous muscles to the dorsal venous arch. The plantar muscles act as a ‘sole pump’ compressing
these veins; this aids the ‘soleal pump’ of the posterior compartment of the calf (see p. 148).

The lateral plantar nerve crosses the sole obliquely medial to the lateral plantar artery (Fig. 3.37).
Its course and distribution have similarities with those of the ulnar nerve in the hand. It supplies
flexor accessorius and abductor digiti minimi and sends perforating branches through the plantar
aponeurosis to supply skin on the lateral side of the sole. Near the base of the fifth metatarsal bone it
divides into superficial and deep branches. The superficial branch supplies the fourth cleft and
communicates with the medial plantar nerve and, by a lateral branch, supplies the skin of the lateral
side and distal dorsum of the little toe. Unlike the superficial branch of the ulnar nerve, this branch
supplies three muscles, namely flexor digiti minimi brevis and the two interossei of the fourth space
(third plantar and fourth dorsal). The deep branch lies within the concavity of the plantar arch and
ends by sinking into the deep surface of the oblique head of adductor hallucis. It gives off branches to
the remaining interossei, to the transverse head of adductor hallucis and to the three lateral (bicipital)
lumbricals.



Part eleven. Ankle and foot joints

Ankle joint

The ankle joint, or talocrural joint, is a synovial joint of the modified hinge variety. The axis of
rotation is not fixed but changes between the extremes of plantarflexion and dorsiflexion. The
articulating surfaces are covered with hyaline cartilage. The weight-bearing surfaces are the upper
trochlear facet of the talus and the inferior facet of the tibia (Fig. 3.39). Stabilizing surfaces are those
of the medial and lateral malleoli, which grip the sides of the talus. The joint is enclosed in a capsule
lined with synovial membrane. The capsule is attached to the articular margins of all three bones
except the anterior part of the talus, where it is fixed some distance in front of the articular margin, on
the neck of the bone. Posteriorly the capsule, on its way up to the tibia, is attached also to the
posterior tibiofibular ligament.
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Figure 3.39 Radiographs of the ankle joint: A anteroposterior projection; B lateral projection.
(Provided by Dr R. Sinnatamby, Addenbrooke's Hospital, Cambridge.)

The synovial membrane is attached to the articular margin of the talus and clothes the intracapsular
part of the neck. Elsewhere it is attached to all articular margins and lines the inside of the capsule.

Strong medial and lateral ligaments strengthen the joint. The deltoid ligament, on the medial side, is
in two layers. The deep part (Fig. 3.40) is a narrow band extending from the tibial malleolus to the
side of the talus. The superficial part is triangular, like a delta. It fans downwards from the borders
of the tibial malleolus and its lower margin has a continuous attachment from the medial tubercle of
the talus along the edge of the sustentaculum tali and spring ligament to the tuberosity of the navicular

(Fig. 3.43).
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Figure 3.40 Left ankle and heel from behind.

Figure 3.43 Plantar ligaments of the left foot. On the medial side the deltoid ligament of the ankle
joint fuses with the spring ligament.

On the lateral side there are three separate bands, radiating from the lateral malleolus, which are
collectively commonly called the lateral ligament. Anterior and posterior bands pass to the talus, the
intermediate band to the calcaneus. The anterior talofibular ligament (Fig. 3.41) joins the anterior
border of the lateral malleolus to the neck of the talus. The calcaneofibular ligament (Fig. 3.41)
extends from the tip of the malleolus down and back to the lateral surface of the calcaneus. The
posterior talofibular ligament (Fig. 3.40) lies horizontally between the malleolar fossa of the fibula
and the lateral tubercle of the talus. Above it lies the posterior tibiofibular ligament, whose lower
part (also called the inferior transverse ligament) is covered by hyaline cartilage and articulates
with the talus. In plantarflexion these two ligaments lie edge to edge, but in dorsiflexion they diverge
like the blades of an opening pair of scissors.




Figure 3.41 Left ankle from the lateral side.

The blood supply of the capsule and ligaments is derived from anterior and posterior tibial arteries
and the peroneal artery, and the nerve supply is by the deep peroneal and tibial nerves.

Movements

The upper facet of the talus, slightly concave from side to side, is convex anteroposteriorly. It is
broad in front and narrow behind. In full dorsiflexion the broad anterior articular area of the talus is
grasped by the mortice formed by the malleoli and the inferior surface of the tibia. This requires
widening of the malleolar gap through slight lateral rotation of the fibula by stretching at the inferior
tibiofibular syndesmosis and gliding at the superior tibiofibular joint. In full plantarflexion the
smallest area of the talus is in contact with the malleoli and distal tibia, but even in this position
inversion and eversion are not possible at the ankle. For all practical purposes the ankle may be
regarded as a true hinge joint.

The axis of rotation is not horizontal, but slopes downwards and laterally. It passes through the lateral
surface of the talus just below the apex of the triangular articular area and through the medial surface
at a higher level, just below the concavity of the comma-shaped articular area. It passes through the
malleoli just above their apices. The axis changes during movement, for the upper convexity of the
talus is not the arc of a circle, but rather of an ellipse. The obliquity of the axis involves a slight
movement resembling inversion in full plantarflexion, and the reverse, resembling slight eversion, in
full dorsiflexion, but these apparent movements are not of true inversion and eversion.

From the upright position, with the foot at right angles to the leg, active plantar flexion of about 20° is
produced by gastrocnemius and soleus, assisted by the long flexor tendons and the long and short
peronei. Active dorsiflexion of about 10° 1s produced by tibialis anterior, the long toe extensors and
peroneus tertius. The degree of passive movements possible is approximately double the above.

Surgical approach

The ankle joint can be exposed from the front between the tendons of extensor hallucis and digitorum
longus, avoiding damage to the intervening deep peroneal nerve and anterior tibial vessels. For an
approach behind the medial malleolus the tendons of tibialis posterior and flexor digitorum longus are
displaced forwards, while on the lateral side the peroneus longus and brevis can be displaced
forwards to reach the capsule behind the lateral malleolus. For aspiration the joint can be entered in
front of the lateral malleolus and lateral to the tendon of peroneus tertius, or in front of the medial



malleolus medial to tibialis anterior. The joint line should be defined by moving the foot. Arthroscopy
utilises the same routes of access to the ankle joint via anterolateral and anteromedial portals.

Tarsal joints

The most important joints in the tarsus are those between the talus, calcaneus and navicular and
between the calcaneus and cuboid.

On the undersurface of the talus there are two separate joints. At the back is the talocalcanean joint,
where the upper surface of the calcaneus articulates with the undersurface of the talus. In front of this
1s a more complicated joint, with part of the undersurface of the head of the talus articulating with the
upper surface of the sustentaculum tali and body of the calcaneus and the spring ligament, and the front
of the head of the talus articulating with the navicular (Fig. 3.42). The whole joint with its single
synovial cavity is called talocalcaneonavicular.

Figure 3.42 Bones of the left foot from above, separated at the midtarsal joint. The insertions of all
tendons producing inversion and eversion of the foot are in front of this joint.

The talocalcaneonavicular joint is a synovial joint of the ball and socket variety. The ball is the
head of the talus (Fig. 3.42) and the socket comprises the navicular and calcaneus and the spring
ligament. The posterior surface of the navicular has an articular surface which is concave
reciprocally with the anterior convexity of the head of the talus. The anterior end of the upper surface
of the calcaneus has a concave facet, and the sustentaculum tali a similar one for articulation with the
inferior convexity of the head of the talus. Between these navicular and calcanean surfaces the head of
the talus articulates with the fibrocartilaginous upper surface of the spring ligament. All these
structures are enclosed in a single capsule.

The talocalcanean joint lies behind the talocalcaneonavicular joint. It is a synovial joint between the
concave facet on the undersurface of the talus and the convex facet on the upper surface of the
calcaneus (Fig. 3.55).




Zuperior suface of calancus

Figure 3.55 Left talus and calcaneus, as seen when the talus is lifted off the calcaneus and turned
over to show its undersurface.

The calcaneocuboid joint is a separate synovial joint between the front of the calcaneus and the back
of the cuboid; this and the talonavicular part of the talocalcaneonavicular joint form what is usually
called the midtarsal joint (Fig. 3.42). The calcaneocuboid joint is surrounded by a capsule, thickened
above and below. The long and short plantar ligaments are accessory ligaments on its plantar surface.
Simple gliding movement takes place at this joint during inversion and eversion of the foot.

The short plantar ligament (properly called the plantar calcaneocuboid) is a thick bundle which fills
in the adjacent hollows in front of the anterior tubercle of the calcaneus and behind the posterior ridge
of the cuboid (Figs 3.43 and 3.57). It is covered over by the long plantar ligament.

The long plantar ligament (Fig. 3.43) is attached to the plantar surface of the calcaneus anterior to its
tuberosity, and to the anterior tubercle of that bone. From here it extends forwards to cover the short
plantar ligament, and its deeper fibres are attached to the posterior ridge of the cuboid. Its superficial
fibres bridge the groove of the cuboid, making a fibrous roof over the peroneus longus tendon, and are
attached to the anterior ridge of the cuboid and extend forwards to the bases of the central three
metatarsal bones. It is covered by flexor accessorius, and its posterior part is visible in the gap
between the medial fleshy and lateral tendinous heads of that muscle.

Various other smaller but stronger interosseous plantar ligaments unite adjacent bones and help to
support the arches of the foot.

The plantar calcaneonavicular (spring) ligament is a very strong band that connects the anterior
edge of the sustentaculum tali to the plantar surface of the navicular (Fig. 3.43). Its upper surface
articulates with the head of the talus, and bears a fibrocartilaginous facet for this purpose. Its lower
fibres extend well under the sustentaculum tali and lie almost transversely across the foot. Like
ligaments in general, it consists of collagenous tissue and, despite its common name ‘spring ligament’,
it is not elastic.

The bifurcate ligament (Fig. 3.41) arises from the upper surface of the calcaneus, under cover of the
extensor digitorum brevis muscle at the front of the tarsal sinus. From this origin two limbs diverge
from each other. The medial limb is attached to the navicular and the lateral limb is attached to the
cuboid.



The tarsal sinus lies obliquely between the talocalcaneonavicular joint and the talocalcanean joint. It
is a cylindrical canal that opens anteriorly at its lateral end like the broad end of a funnel. The sinus is
occupied by a strong, flat bilaminar interosseous talocalcanean ligament. The central portion of
each bony gutter is perforated by vascular foramina. At the lateral end of the sinus is the cervical
ligament between the neck of the talus and the upper surface of the calcaneus (Fig. 3.41).

Inversion and eversion of the foot

Inversion and eversion of the foot occur at the subtalar and midtarsal joints, more movement
occurring at the former joint. (Adduction and supination of the forefoot accompany inversion;
abduction and pronation of the forefoot accompany eversion.) The range of inversion is increased in
plantarflexion, and the fully inverted foot is also plantarflexed. The more restricted movement of
eversion is linked in an allied manner with dorsiflexion.

The movement of inversion (raising the medial border of the foot) is produced by any muscle that is
attached to the medial side of the foot. Tibialis anterior and tibialis posterior are responsible,
assisted by extensor and flexor hallucis longus on occasion.

The movement of eversion (raising the lateral border of the foot) is produced by any muscle that is
attached to, or pulls upwards upon, the lateral side of the foot. Peroneus longus, brevis, and tertius are
responsible.

All the muscles producing inversion and eversion are attached to the fore part of the foot, anterior to
the midtarsal joint (Fig. 3.42). The calcaneus and cuboid are firmly connected by the long and short
plantar ligaments, which limit the range of mobility at the midtarsal joint; when they and the spring
ligament are taut they transmit the rotatory force to the calcaneus. This bone then rotates (i.e. inverts
or everts) under the talus, which is firmly wedged against the tibia between the malleoli and cannot
therefore be inverted or everted.

The axis of inversion—eversion movement is along an oblique line (Fig. 3.44) passing from the lateral
tubercle of the calcaneus upwards, forwards and medially through the neck of the talus and the medial
part of the tarsal sinus. The lines of pull of the muscles lie at right angles to this oblique axis. The
balanced actions of these muscles combine in different patterns to produce ordered movements of the
ankle and tarsal joints.

Forefoot joints

The metatarsus is much more rigid than the metacarpus. The first tarsometatarsal joint (between the
medial cuneiform and the first metatarsal) possesses its own capsule and synovial membrane and is
capable of some movement in a vertical plane to conform with movements in the medial longitudinal
arch of the foot, and it becomes hyperextended in flat foot; but the joint movements in no way compare
with those of the carpometacarpal joint of the thumb and no opposition of the big toe is possible. The
second tarsometatarsal joint is immobile, the base of the metatarsal being firmly fixed between the
anterior ends of the medial and lateral cuneiforms, as it articulates with the intermediate cuneiform.
This 1s a result of the shifting of the axis of the foot towards its medial side, and the second toe forms
the line for adduction and abduction of the digits. The immobility of the second metatarsal and the
slenderness of its shaft are contributory factors in ‘spontaneous’ fracture (‘march fracture’) of this



bone.

The first metatarsophalangeal joint is the site of hallux valgus. The big toe has no dorsal extensor
expansion nor fibrous flexor sheath; its long tendons are held in position by strands of deep fascia. If
the phalanges become displaced laterally and the fibrous bands give way, the pull of extensor hallucis
longus, like that of extensor hallucis brevis, becomes oblique to the long axis of the toe and tends to
increase the deformity.

The interphalangeal joints are similar to those of the hand, with capsules and collateral ligaments
(see p.91).

Supporting mechanisms of the foot

In the erect position the heel, lateral margin of the foot, the ball of the foot (the part underneath the
metatarsal heads) and the pads of the distal phalanges touch the ground. The medial margin of the foot
arches up between the heel and the ball of the big toe, forming a visible and obvious medial
longitudinal arch. The lateral margin of the foot is in contact with the ground, but its constituent bones
do not bear with equal pressure on the ground. As on the medial side, so, on the lateral side, there is a
bony longitudinal arch extending from the heel to the heads of the metatarsal bones, but the lateral
longitudinal arch is much flatter than the medial.

The bones that form the medial longitudinal arch are calcaneus, talus, navicular, the three cuneiform
bones and their three metatarsal bones. The pillars of the arch are the tuberosity of the calcaneus
posteriorly and the heads of the medial three metatarsal bones anteriorly. The lateral longitudinal
arch consists of calcaneus, cuboid and the lateral two metatarsal bones.

The transverse arch is, in reality, only half an arch, being completed as an arch by that of the other
foot. It consists of the bases of the five metatarsal bones and the adjacent cuboid and cuneiforms. The
heads of all five metatarsal bones lie flat upon the ground, but the first and fifth heads bear more
weight than the others.

The factors maintaining the integrity of the arches of the foot are identical with those responsible in
any joint of the body, namely, bony, ligamentous and muscular, but their relative importance is
different in the three arches.

Medial longitudinal arch

Bony factors do not play a significant role in maintaining the stability of this arch. The head of the
talus is supported on the sustentaculum tali, but this is a negligible factor. Ligaments are important,
but are unable to maintain the arch entirely on their own. The most important ligament is the plantar
aponeurosis, stretching like a tie beam or bowstring between the supporting pillars of the arch. When
it is shortened as by extension of the toes, especially the big toe, it draws the pillars together and so
heightens the arch. Next in importance is the spring ligament, for it supports the head of the talus. If it
stretches it allows the navicular and calcaneus to separate and so the head of the talus, the highest
point of the arch, sinks lower between them. Other interosseous ligaments also contribute towards
maintaining the arch.

Muscles are indispensable to the maintenance of the medial longitudinal arch. The most important



muscular supporting structure is the tendon of flexor hallucis longus (Fig. 3.44). It is assisted by the
tendons of flexor digitorum longus to the second and third toes, which receive a slip from the tendon
of flexor hallucis longus. These tendons act as bowstrings along the medial longitudinal arch from the
sustentaculum tali to the medial three digits and draw the pillars of the arch towards each other. They
are not called into play during short periods of standing, for generally the weight is borne well back
on the heel and the pads of the toes are not pressed on the ground. Meanwhile the ligaments support
the arch. But during prolonged standing the ligaments ‘tire’, and relief is obtained by pressing the
pads of the toes to the ground. During movements of propulsion and during landing on the feet the
inertia and momentum of the body weight throw a vastly greater strain on the arch, and this strain is
taken up especially by the contraction of the flexor hallucis longus muscle and the tension of its
tendon.

The short muscles in the first layer that are inserted into the medial three toes (abductor hallucis, and
the medial half of flexor digitorum brevis) likewise assist in maintaining the arch.

The tendons of tibialis anterior and peroneus longus are inserted into the same two bones (medial
cuneiform and first metatarsal bone), but they exert opposite effects upon the medial longitudinal arch.
Peroneus longus tends to evert the foot and lower the medial side of the foot, as is so well seen in the
everted flat foot of peroneal spasm in children. On the other hand, tibialis anterior and tibialis
posterior have a significant beneficial effect on the arch by their tendency to invert the foot, in other
words to raise the medial border from the ground, as by a crane.

Lateral longitudinal arch

No bony factor contributes to the stability of this arch, but ligaments play a relatively more important
part than in the case of the medial arch. The plantar aponeurosis in its lateral part and the plantar
ligaments act as bowstrings beneath the arch.

The peroneus longus tendon, as it enters the groove on the undersurface of the cuboid, pulls upwards
on the lateral longitudinal arch through its sesamoid fibrocartilage and 1s the most important single
factor in maintaining its integrity. The tendons of flexor digitorum longus to the fourth and fifth toes
(assisted by flexor accessorius) and the muscles of the first layer of the sole (lateral half of flexor
digitorum brevis and abductor digiti minimi) also assist by preventing separation of the pillars of the
arch.

Transverse arch

The intermediate and lateral cuneiforms are wedge-shaped, and in this single respect the bones are
adapted to the maintenance of the transverse arch of the foot. The lateral cuneiform overhangs the
cuboid and thus rests on it to some extent. The medial cuneiform is wedge-shaped the wrong way for
an arch. Thus bony factors play a mixed role in maintaining the transverse arch.

The ligaments that bind together the cuneiforms and bases of the five metatarsal bones are more
important, and the most important factor of all is the tendon of peroneus longus, the pull of which
tends to approximate medial and lateral borders of the foot across the sole.

Propulsive and shock-absorbing mechanisms of the foot

If the foot were entirely rigid it would serve as a propulsive member by plantarflexion at the ankle



joint and, indeed, the contraction of soleus and gastrocnemius is the chief factor responsible for
propulsion in walking, running and jumping. But the propulsive action of these great muscles of the
calf is enhanced by arching of the foot and flexion of the toes. Thus the tendo calcaneus plantarflexes
a very mobile, not a rigid, foot. The sequence of events in walking is usually described as four
phases: heel-strike, support (stance or weight-bearing), toe-off (push off) and swing (Fig. 3.45). The
weight of the foot is taken successively on the heel, lateral border, and the ball of the foot, and the last
part to leave the ground is the anterior pillar of the medial longitudinal arch and the medial three
digits. In running the heel remains off the ground, the toes and the forefoot taking the thrust of the
weight; but the take-off point is still the anterior pillar of the medial longitudinal arch.
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Figure 3.45 Phasic action of the pretibial muscle group during walking. The contraction during

heel-strike (shock-absorbing) is much greater than that needed for toe clearance during the swing-
through phase.

At the moment of heel-strike, the extensors of the foot and toes contract and then gradually relax to
prevent the toes from slapping on the ground. While the heel is rising from the ground the medial toes
are gradually extended. The extended toes elongate the flexor hallucis longus and flexor digitorum
longus muscles, and this increases the force of their subsequent contraction.

Contraction of the toe flexors, long and short, heightens the medial longitudinal arch and increases the
force of the take-off by the pressure of the toes on the ground. Meanwhile, the lumbricals prevent the
toes from buckling under when pulled upon by flexor digitorum longus. Contraction of the long flexors
also aids plantarflexion at the ankle joint.



Part twelve. Summary of lower limb innervation

Cutaneous innervation

The segmental supply (dermatomes) of the lower limb has been considered on page 14. The cutaneous
nerves have been described in the preceding pages but for convenience are summarized here (Figs
3.46 and 3.47).

The skin of the buttock receives fibres that run down from the subcostal and iliohypogastric nerves,
the posterior rami of the first three lumbar and first three sacral nerves, and the perforating cutaneous
nerve, with an upward contribution from the posterior femoral cutaneous nerve. The latter supplies a
long strip down the back of the limb to the midcalf, with lateral and medial femoral cutaneous nerves
on either side and a small contribution from the obturator nerve on the medial side of the upper thigh.
On the front of the thigh, the subcostal, femoral branch of genitofemoral and ilioinguinal nerves supply
skin below the inguinal ligament, while the lateral, intermediate and medial femoral cutaneous nerves
supply the skin of the rest of the thigh, with the obturator nerve contributing to the supply of the medial
side.

The skin of the front of the knee receives branches from the medial, intermediate and lateral femoral
cutaneous nerves, the lateral cutaneous nerve of the calf and the saphenous nerve. The last two supply
the leg, with the saphenous nerve reaching as far as the level of the metatarsophalangeal joint of the
great toe. The superficial peroneal extends over the front of the lower leg and dorsum of the foot, with
the deep peroneal supplying the first toe cleft. The sural nerve takes over from the lateral cutaneous
nerve of the calf on the lateral side of the back of the leg and extends along the lateral side of the foot
to the little toe. Medial calcanean branches of the tibial nerve supply the heel, and medial and lateral
plantar nerves the sole. The medial plantar, like the median nerve in the hand, usually supplies three
and a half and the lateral plantar the rest of the digits.

Muscular innervation

The segmental innervation of lower limb muscles has been considered on page 15. In the thigh the
anterior compartment is supplied by the femoral nerve and the adductor group by the obturator nerve.
The tibial part of the sciatic nerve is the nerve of the posterior compartment, with only the short head
of biceps supplied by the common peroneal part. In the gluteal region, the inferior gluteal nerve
innervates gluteus maximus with the other two glutei receiving their supply from the superior gluteal
which also supplies tensor fasciae latae. The short lateral rotator muscles behind the hip have their
own nerves, with the obturator externus supplied by the obturator nerve. The tibial nerve is the nerve
of the flexor compartment of the leg and its plantar branches supply the muscles of the sole. The
common peroneal nerve divides into the superficial peroneal for the peroneal compartment and the
deep peroneal for the anterior or extensor compartment.

Sympathetic innervation

As with the brachial plexus, a grey ramus communicans connects each nerve root of the lumbar and
sacral plexuses with the appropriate ganglion of the sympathetic trunk so that postganglionic fibres
can be distributed to each nerve. The preganglionic fibres for the lower limb have come from cell
bodies in the lateral horn of spinal cord segments T11-L2, for the supply of blood vessels, sweat
glands and arrectores pilorum muscles.



Lumbar and sacral plexuses

Summaries of these plexuses, including all the lower limb branches, begin on page 325, following
descriptions of the abdomen and pelvis.



Part thirteen. Summary of lower limb nerve injuries

Peripheral nerve injuries are much less common in the lower limb than in the upper and damage to the
lumbar and sacral plexuses is most unusual. The most common injury is to the common peroneal
nerve, and the main features of this and other nerve lesions are summarized below, together with
notes on the more common exposures if exploration and repair are required.

Femoral nerve

Since the nerve breaks up into a sheaf of branches as soon as it enters the thigh, it is more subject to
damage by penetrating injuries of the lower abdomen than of the limb. Pelvic masses such as a
haematoma or neoplasm may affect it, and it has been known to be damaged by catheterization of the
femoral artery and during laparoscopic repair of inguinal hernia. In a complete lesion extension of the
knee by the quadriceps will be lost, with some weakness of hip flexion. There is sensory loss over
the front of the thigh; with lesions that cause pain in the nerve the pain may extend as far as the medial
side of the foot (saphenous branch). Test for the action of rectus femoris (see p. 120).

Lateral femoral cutaneous nerve

The nerve may be compressed in the iliac fossa or as it passes from abdomen to thigh deep to or
through the inguinal ligament and medial to the anterior superior iliac spine (see p. 112), producing
meralgia paraesthetica which is recognized by paraesthesia in the lateral part of the thigh. If necessary
the nerve may have to be freed from the iliac fascia and inguinal ligament.

Obturator nerve

On account of its deep position, trauma to this nerve is extremely rare, but it may be damaged by
obstetric procedures or involved in pelvic disease; e.g. an ovarian tumour may cause pain in the skin
on the medial side of the thigh. In obturator paralysis the loss of adduction at the hip is not noticed
during walking but when sitting the affected limb cannot be crossed over the other.

Sciatic nerve

The most common cause of damage is (regrettably) by misplaced gluteal injections. Other causes
include pelvic disease and severe trauma to the hip (in 7% of dislocations and 16% of fracture
dislocations). There is paralysis of the hamstrings and all the muscles of the leg and foot (supplied by
the tibial and common peroneal nerves). Even when paralysis of the hamstrings may be difficult to
test for clinical reasons foot drop will be obvious, and there will be sensory loss below the knee but
not on the medial side of the leg or on the upper part of the calf due to the supply from the saphenous
branch of the femoral nerve and the posterior femoral cutanecous nerve respectively. Test for
plantarflexion and dorsiflexion of the foot.

Surgical approach. The sciatic nerve i1s explored by exposure at the lower border of gluteus
maximus, retracting semitendinosus and the long head of biceps medially; from there it can be
followed upwards or downwards (retracting biceps laterally).

Common peroneal (fibular) nerve

Direct trauma or pressure by plaster casts at the neck of the fibula make this the most commonly



damaged nerve in the lower limb. Foot drop is the most obvious sign, due to paralysis of the extensor
muscles supplied by the deep peroneal branch. This results in a high-stepping gait to ensure that the
toes do not scrape along the ground. Peroneus longus and brevis in the lateral compartment will also
be affected, being supplied by the superficial peroneal branch. Sensory loss in a common peroneal
nerve lesion extends over the lower lateral part of the leg and the dorsum of the foot. Test for
dorsiflexion.

Surgical approach. The nerve can be exposed by following it down from the lateral side of the
popliteal fossa, where it lies medial to the biceps tendon.

Tibial nerve

Damage to this nerve is uncommon. The main effect is paralysis of the calf muscles; sensory loss is on
the lower part of the calf and on the sole. Test for standing on tiptoe.

Surgical approach. The nerve is exposed in the middle of the popliteal fossa; it can be followed
lower down by splitting gastrocnemius and soleus vertically in the midline.

Saphenous nerve

The lower part of this nerve, in front of the medial malleolus, is at risk of damage during varicose
vein surgery and when the great saphenous vein is harvested for arterial bypass procedures.



Part fourteen. Osteology of the lower limb

Innominate (hip bone)

The innominate or hip bone is formed of three bones, which fuse in a Y-shaped epiphysis involving
the acetabulum. The pubis and ischium together form an incomplete bony wall for the pelvic cavity;
their outer surfaces give attachment to thigh muscles. The ilium forms the pelvic brim between the hip
joint and the joint with the sacrum; above the pelvic brim it is prolonged, broad and wing-like, for the
attachment of ligaments and large muscles. The anterior two-thirds of the projecting ilium, thin bone,
forms the iliac fossa, part of the posterior abdominal wall. The posterior one-third, thick bone,
carries the auricular surface for the sacrum and, behind this, is prolonged for strong sacroiliac
ligaments which bear the body weight. The outer surface of the ilium gives attachment to buttock
muscles. The ischium and pubis together lie in approximately the same plane; the plane of the ilium is
at nearly a right angle with this.

In the anatomical position of the bone the pubic tubercle and anterior superior iliac spine lie in the
same vertical plane, and the upper border of the symphysis pubis and the ischial spine lie in the same
horizontal plane.

Lateral surface of the hip bone

The hip joint socket, the acetabulum, is a concave hemisphere whose axis is not strictly horizontal
but is directed also downwards and slightly backwards along the axis of the femoral neck. There is a
deficiency at its inferior margin, the acetabular notch. The hyaline cartilage lining the inside of the
acetabulum is widest over the iliac part of the fossa, opposite the notch; this is the weight-bearing
area. The articular cartilage does not cover the whole concavity and the non-articular bone is thin and
translucent. Pubis and ischium meet here and their line of union continues down to the notch. Pubis
and i1lium meet at the iliopubic eminence on the anterior margin of the acetabulum. Ilium and ischium
meet at a corresponding low elevation just beyond the posterior margin of the acetabulum.

The convex upper margin of the ilium, the iliac crest, extends from the anterior superior iliac spine
to the posterior superior iliac spine. The tubercle of the iliac crest lies 5 cm behind the anterior
superior spine and forms the most lateral part of the bony pelvis, but not the highest part, which is
7.5 cm behind the tubercle. The line between the highest points of the two iliac crests, the supracristal
plane, passes through the spine of L4 vertebra. The tubercle lies at the level of L5 vertebra.

The gluteal surface of the ilium shows three curved gluteal lines. Gluteus maximus, medius and
minimus arise from this surface, their sites of attachment being separated by the gluteal lines (Fig.
3.48). Tensor fasciae latae arises from the gluteal surface just below the iliac crest, between anterior
superior spine and tubercle. The reflected head of rectus femoris arises from the upper margin of the
acetabulum.

The anterior border of the ilium shows a gentle S bend. The inguinal ligament and sartorius are
attached to the anterior superior spine. The straight head of rectus femoris and the iliofemoral
ligament are attached to the anterior inferior iliac spine.

The posterior border of the ilium is a rounded bar of bone between the posterior superior and
posterior inferior spines. It gives attachment to the sacrotuberous ligament. The posterior superior



iliac spine makes a characteristic dimple in the skin of the buttock at the level of the second piece of
the sacrum.

The posterior part of the iliac crest is thicker than the rest. The posterior lamella of the lumbar fascia
and the erector spinae muscle are attached here. The aponeurotic origin of latissimus dorsi is fused
with the posterior lamella, and muscle fibres are attached further forward along the iliac crest.
Internal to latissimus dorsi, quadratus lumborum and the iliolumbar ligament are attached to the iliac
crest. Continuing forwards from here are the attachments of the internal oblique and transversus
abdominis muscles side by side, the internal oblique to the centre and the transversus to the inner lip
of the crest, both extending to the anterior superior spine. External oblique is attached to the outer lip
of the iliac crest in its anterior half. The fascia lata of the thigh is attached along the whole length of
the external lip of the iliac crest, splitting to enclose the narrow origin of tensor fasciae latae.

The body of the pubis, quadrilateral in shape, is projected laterally as a superior ramus which joins
the ilium and ischium at the acetabulum and an inferior ramus which fuses with the ischial ramus
medial to the obturator foramen. The symphyseal surface of the body is oval in shape; it is coated
with a layer of hyaline cartilage for the secondary cartilaginous joint that constitutes the pubic
symphysis (see p. 325). The upper border of the body, gently convex, is the pubic crest. It is marked
laterally by a forward-projecting prominence, the pubic tubercle. From the pubic tubercle two ridges
diverge laterally onto the superior ramus. The upper ridge, sharp, is the pectineal line; it forms part
of the pelvic brim, and joins the arcuate line of the ilium. The lower ridge, more rounded, is the
obturator crest. This passes downwards into the anterior margin of the acetabular notch, where it
becomes more prominent. It gives attachment to the pubofemoral ligament. Between these ridges the
surface of the superior ramus can be traced laterally to its junction with the ilium, marked by a
rounded prominence, the iliopubic eminence. Pectineus arises from the pectineal line and the adjacent
surface of the superior ramus. Below the obturator crest on the pubic ramus is the obliquely placed
obturator groove, which lodges the obturator nerve in contact with the bone. The obturator vessels
lie below the nerve as the neurovascular bundle passes over the obturator membrane. The inferior
ramus of the pubis is marked by an everted crest. The line of junction with the ischial ramus is
halfway between the ischial tuberosity and the pubic crest.

The pubic crest gives origin to rectus abdominis and, in front of it, pyramidalis. Lateral to this the
conjoint tendon is attached to the pubic crest and along the pectineal line (see Fig. 5.8, p. 237).
Anterior to the conjoint tendon, the lacunar ligament 1s attached to the pectineal line and lateral to this
the attachment of the pectineal ligament (of Cooper) (see Fig. 5.5, p. 234) continues along the
pectineal line. The pubic tubercle receives the attachment of the inguinal ligament, forming the lateral
crus of the superficial ring; the medial crus, in front of the conjoint tendon, is inserted into the front of
the pubic crest alongside the symphysis (see Fig. 5.3, p. 233).

The rounded tendon of adductor longus arises from the front of the body of the pubis, in the angle
between the pubic crest and symphysis; bone spurs may be found at this attachment (rider's bone).
Below it the linear origin of gracilis extends down along the margin of the everted crest of the inferior
ramus to reach the ischial ramus. Deep to adductor longus and gracilis the adductor brevis arises from
the body of the pubis. Extending up along the inferior ramus the pubic fibres of adductor magnus arise
deep to gracilis, and deeper still is the obturator externus (Fig. 3.48). The fascia lata is attached by its
deep lamina to the pectineal line over the surface of pectineus (see p. 115), and below the pubic



tubercle along the front of the body of the pubis to the everted crest. It encloses adductor longus and
gracilis, and separates them from the external genitalia in the superficial perineal pouch.

The ischium is an L-shaped bone. An upper thick portion, the body, joins with pubis and ilium at the
acetabulum and extends down to the ischial tuberosity; it supports the sitting weight. A lower and
medial, thinner bar, the ischial ramus, joins the inferior ramus of the pubis to enclose the obturator
foramen.

Behind the acetabulum a low elevation marks the line of fusion of ischium and ilium. The
ischiofemoral ligament is attached to the ischium at the margin of the acetabulum. More medially the
upper part of the body of the ischium completes the lower part of the greater sciatic notch. The sciatic
nerve, with the nerve to quadratus femoris deep to it, lies here on the ischium. This site of emergence
of the nerve into the buttock lies one-third of the way up from the ischial tuberosity to the posterior
superior iliac spine.

The spine of the ischium projects medially to divide the greater from the lesser sciatic notch (Fig.
3.16). The sacrospinous ligament is attached to it, contributing to conversion of the greater sciatic
notch into the greater sciatic foramen (see Fig. 5.53, p. 289). The pudendal nerve lies on the ligament
just medial to the spine (see Fig. 5.70, p. 316). The internal pudendal vessels cross the tip, while the
nerve to obturator internus lies on the base of the spine. The superior gemellus takes origin from the
spine. The lesser sciatic notch lies between the spine and the ischial tuberosity. It is bridged by the
sacrotuberous ligament, which with the sacrospinous ligament converts the notch into the lesser
sciatic foramen (see Fig. 5.73, p. 323). Obturator internus emerges through this foramen into the
buttock, and the internal pudendal vessels and nerve pass forward into the perineum. The lesser
sciatic notch 1s grooved by tendinous fibres on the deep surface of the muscle (Fig. 3.49), which are
separated from bone by hyaline cartilage and a bursa. The inferior gemellus arises from the upper
margin of the ischial tuberosity, above the hamstrings (Fig. 3.48).
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Figure 3.49 Left hip bone, from the medial side.

The ischial tuberosity is a rugged prominence whose convex posterior surface is divided
transversely by a low ridge. An oval smooth area above this is divided by a vertical ridge into two
areas, a lateral and a medial (Fig. 3.16). Semimembranosus tendon is attached to the lateral area,
semitendinosus and the long head of biceps to the medial area.

Between the semimembranosus area and obturator foramen the lateral surface gives origin to
quadratus femoris. Below the transverse ridge the ischial tuberosity shows a longitudinal crest; this
supports the sitting body. The fascia lata of the thigh 1s attached to this ridge. The lateral bevelled
surface here gives origin to the fibres of the hamstring part of adductor magnus. The medial bevelled
surface receives the sacrotuberous ligament (Fig. 3.49). The ischial tuberosity curves forward from
the rugged weight-bearing part into the slender ischial ramus. Adductor magnus has a continuous
origin along this ramus for the pubic part of the muscle.

The obturator foramen is ringed by the sharp margins of the pubis and ischium, those of the pubis
overlapping each other to form the obturator groove. The obturator membrane is attached to the
margin of the foramen, but not to the obturator groove. Obturator externus arises from the outer
surface of the membrane and the anterior bony margin of the foramen. Obturator internus arises from
the inner surface of the membrane and the bony margins of the foramen.

Medial surface of hip bone

The pelvic brim is formed by the top of the pubic crest, the pectineal line, the rounded border of the
ilium (called the arcuate line) and the top of the auricular surface (Fig. 3.49). This curved pelvic brim
slopes up at 60° to the horizontal plane. Below the brim lies the pelvic cavity; above it is the iliac
fossa in the abdominal cavity.

The auricular area extends from the pelvic brim to the posterior inferior iliac spine. Its surface
undulates and is roughened by numerous tubercles and depressions. It articulates with the ala of the
sacrum. The anterior sacroiliac ligament is attached to its sharp anterior border.

The iliac fossa is a gentle concavity in the ala of the ilium in front of the sacroiliac joint. Its deepest
part, high in the fossa, is composed of paper-thin translucent bone. Iliacus arises from the upper two-
thirds of this area down to the level of the anterior inferior iliac spine. The lower one-third of the
fossa is separated by a large bursa from the overlying iliacus. The fibres of iliacus converge to pass
over a broad groove between the iliopubic eminence and the anterior inferior spine. The iliac fascia
covers iliacus and psoas. It is attached around the margins of the muscles: to the iliac crest, the
arcuate line and iliopubic eminence. Psoas major passes freely along the pelvic brim and crosses the
eminence deep to the iliac fascia. The ‘psoas’ bursa deep to it is the 1liacus bursa already mentioned.
The levator ani is attached to the junction of body and inferior ramus on the inner surface of the pubis
(see Fig. 5.54, p. 290). More medially the puboprostatic (pubovesical in the female) ligaments are
attached at this level. The inferior ramus lies in the perineum. Immediately below the symphyseal
surface the arcuate pubic ligament is attached; the deep dorsal vein of the penis (clitoris) lies in the
midline below it. Extending down from the symphyseal surface, along the ischiopubic ramus, is a
ridge of bone to which the perineal membrane is attached. External to this the margin is everted and




the crus of the corpus cavernosum and the ischiocavernosus muscle are attached here. Between the
perineal membrane and the obturator foramen the ischiopubic ramus forms the wall of the anterior
recess of the ischioanal fossa. Sphincter urethrae is attached here, above the perineal membrane.

The inner surface of the body of the ischium is smooth. Obturator internus arises from the body of the
ischium and the area above it up to the arcuate line on the ilium (pelvic brim) and as far back as the
margin of the greater sciatic notch, as well as from the obturator membrane and the ischiopubic ramus
(see Fig. 5.65. p. 308). The fascia over obturator internus is attached to bone at the margins of the
muscle. The obturator internus fascia splits to form the pudendal canal just above the falciform ridge
on the ischial tuberosity. This ridge curves forwards from the tuberosity on to the ischial ramus; the
falciform process of the sacrotuberous ligament is attached to it (see Fig. 5.70, p. 316). The
transverse muscles of the perineum are attached at the anterior edge of the ramus. Levator ani and
coccygeus are attached to the inner surface of the ischial spine.

Sex differences

The ala of the 1lium has been drawn out to widen the female pelvis; the greater sciatic notch is near a
right angle in the female, much less in the male, and the female bone may show a preauricular sulcus
below the arcuate line. The female ischial spine lies in the plane of the body of the ischium; the male
spine is inverted towards the pelvic cavity. The female obturator foramen is triangular; the male
foramen is oval in outline. The distance from the pubic symphysis to the anterior margin of the
acetabulum is greater than the diameter of the acetabulum in the female, equal or less in the male
bone.

Ossification

The bone develops in cartilage. Three primary centres appear, one for each bone, near the
acetabulum. The centre for the weight-bearing ilium appears first, at the second month, followed by
the 1schium at the third and pubis at the fourth month of fetal life. At birth the acetabulum is wholly
cartilage, and while the ilium is a broad blade of bone the ischium and pubis are no more than tiny
bars of bone buried in the cartilage. Growth of these three bones causes them later to approximate
each other through a Y-shaped cartilage in the acetabulum. The ischial and pubic rami fuse with each
other at about 7 years. Secondary centres of ossification begin to appear in the acetabular cartilage at
8 years and by 18 years ossification across the acetabulum is complete. Other centres of ossification
occur in the cartilage around the periphery of the bone and these fuse with the main bone by 25 years.

Femur

The femur consists in the main of a long shaft from the proximal end of which a neck proceeds
upwards and medially to a rounded head; a greater and a lesser trochanter project from the junction of
the shaft and the neck, and the shaft ends distally in a pair of large condyles (Fig. 3.50). In the
standing position, the shaft passes downwards and medially and this inclination is evident when the
femur is held vertically with both its condyles in contact with a horizontal surface. Femoral obliquity
is more in females because of the relatively greater pelvic breadth and the shorter femoral length.

The head of the femur, capped with hyaline cartilage, is more than half a sphere. Its medial convexity
has a pit, the fovea, for the ligament of the head. Anteriorly the articular cartilage extends slightly onto
the neck.



The neck of the femur, as it inclines upwards and medially, makes an angle of about 125° with the
shaft in the adult male. This angle of inclination is widest at birth and diminishes until adolescence; it
is less in females. The neck is also tilted forwards slightly as it passes proximally to the head. This
angle of anteversion is about 10-15°. Ridges on the surface of the neck, particularly on the anterior
aspect, indicate the attachment of retinacular fibres of the hip joint capsule which are reflected
proximally from the distal attachment of the capsule. Anteriorly the capsule is attached to the
intertrochanteric line, which extends from the greater to the lesser trochanter where the neck joins
the shaft. Posteriorly the capsule is attached halfway along the neck between the articular margin of
the head and the prominent intertrochanteric crest situated at the junction of the posterior surface of
the neck and the shaft. The tendon of obturator externus plays on the relatively smooth bone of the
neck distal to the posterior capsular attachment. Many vascular foraminae, directed towards the head,
perforate the anterior and posterosuperior surfaces of the neck. In the adult the head receives its blood
supply mainly via these foraminae from blood vessels (mostly from the trochanteric anastomosis and
particularly from the medial circumflex artery) that run up the neck with the retinacular fibres of the
capsule. These vessels and intramedullary vessels running up the neck from the shaft are liable to be
ruptured by a transcervical intracapsular fracture and avascular necrosis of the head is a potential
hazard. Blood supply to the head from vessels that accompany the ligament to the head is meagre in
the adult.

The greater trochanter projects up and back from the convexity of the junction of neck and shaft. Its
upper border is projected into an inturned apex. Piriformis is attached here on the medial side. More
anteriorly on the medial surface of the trochanter the common tendon of obturator internus and the
gemelli is inserted. At the bottom of this surface is the trochanteric fossa for the attachment of the
obturator externus tendon. The anterior surface of the greater trochanter shows a J-shaped ridge for
the gluteus minimus tendon. The lateral surface shows an oblique strip, sloping downwards and
forwards for the tendon of gluteus medius. The apex of the trochanter is level with the centre of the
femoral head, and the prominent convexity of the trochanter is at the widest part of the hips. It is
covered by the beginning of the iliotibial tract, where gluteus maximus is received. This plays freely
over a bursa on the bone. Posteriorly the apex of the trochanter is continued down as the prominent
intertrochanteric crest to the lesser trochanter. Nearly halfway down the crest is an oval eminence, the
quadrate tubercle; quadratus femoris is attached here.

The lesser trochanter lies back on the lowest part of the neck. Its rounded surface, facing medially,
1s smooth for the reception of the psoas major tendon. Iliacus is inserted into the front of the tendon
and into the bone below the lesser trochanter.

The shaft of the femur has a convex anterior surface and is buttressed by a strong ridge, the linea
aspera, at the middle third of the concave posterior surface. This narrow ridge has medial and lateral
lips. The intertrochanteric line slopes across the front of the neck and shaft at their junction, and
continues down below the lesser trochanter as a spiral line that runs into the medial lip of the linea
aspera. The medial lip continues on as the medial supracondylar line to the adductor tubercle on the
medial condyle. On the back of the shaft below the greater trochanter is a vertical ridge, the gluteal
tuberosity, for the deep lower quarter of gluteus maximus. It runs down into the lateral lip of the linea
aspera, and this lip is continued on as the lateral supracondylar line to the lateral epicondyle.

The intertrochanteric line in its lower half gives origin to vastus medialis, which arises in continuity



below this along the spiral line, medial lip of the linea aspera and upper one-third of the medial
supracondylar line (the lowest part of this muscle comes from the adductor magnus tendon, not from
bone). The medial surface of the femoral shaft is bare bone, over which vastus medialis plays. Vastus
lateralis arises from the upper half of the trochanteric line, the lower part of the greater trochanter, the
lateral edge of the gluteal tuberosity and the lateral lip of the linea aspera. Vastus intermedius arises
from the upper two-thirds of the front and lateral surfaces of the shaft, and articularis genu arises from
the front below vastus intermedius.

Pectineus is attached to the upper part of the posterior surface of the femur, behind iliacus. Adductor
brevis is attached behind pectineus and down to the proximal part of the linea aspera. Adductor
magnus is inserted medial to the gluteal tuberosity, below quadratus femoris, and then along the linea
aspera to the medial supracondylar line and down to the adductor tubercle. There is a gap in the
supracondylar attachment, a hand's breadth above the knee, through which the femoral vessels pass
into the popliteal fossa. Between adductor magnus and vastus lateralis, the short head of biceps
femoris arises below the gluteal tuberosity from the whole length of the linea aspera. Between
adductor magnus and vastus medialis, adductor longus is inserted into the middle third of the linea
aspera.

The popliteal surface of the femur between the supracondylar lines is bare. The anterior surface of the
lower shaft is likewise bare below the origin of articularis genu, with the suprapatellar pouch in
contact with periosteum deep to quadriceps tendon for a hand's breadth above the knee joint.

The lower end of the femur carries the two condyles, separated behind by an intercondylar fossa but
joined in front by a trochlear surface for the patella. The lateral condyle projects further forward than
the medial, thus helping to stabilize the patella (Fig. 3.9). Both are almost flat inferiorly, but boldly
curved on the posterior convexities. In the fossa the cruciate ligaments are attached to smooth areas:
the anterior cruciate ligament far back on the lateral condyle alongside the articular margin, the
posterior far forward on the medial condyle. The medial condyle shows on its convex non-articular
medial surface a shallow pit for the tibial collateral ligament; this is the medial epicondyle. Above it
lies the adductor tubercle at the lower end of the medial supracondylar line. The medial head of
gastrocnemius arises from the back of the medial condyle and the adjacent popliteal surface of the
shaft. The lateral condyle shows a vertical arrangement of three smooth-floored pits towards the
back of its non-articular lateral surface (Fig. 3.21). The upper pit is for the lateral head of
gastrocnemius. Above this, plantaris arises from the lateral supracondylar line (Fig. 3.19). The
central pit is at the prominence of the convexity of this surface and is the /ateral epicondyle, to which
the fibular collateral ligament is attached. The lowermost pit receives the popliteus tendon; a groove
behind this pit lodges the popliteus tendon when the knee is flexed.

Surgical approach. The shaft can be exposed from the front between rectus femoris and vastus
lateralis by incising vastus intermedius vertically down to the bone. A lateral approach involves
splitting vastus lateralis. The posterolateral approach is in front of biceps, detaching vastus lateralis
from the front of the lateral intermuscular septum and following it down to the shaft.

Ossification. Excepting the clavicle, the femur is the first long bone to ossify. It does so in cartilage.
A centre in the shaft appears at the seventh week of fetal life. A centre for the lower end appears at
the end of the ninth fetal month (at birth) and its presence is acceptable medicolegal evidence of



maturity. This is the growing end of the bone and the epiphysis, which bisects the adductor tubercle,
unites with the shaft after 20 years. A centre appears in the head during the first year after birth,
greater trochanter during the fourth year and lesser trochanter at 12—14 years. These upper epiphyses
fuse with the shaft at about 18 years of age.

Patella

This sesamoid bone in the quadriceps tendon plays on the articular surface of the femur. Its edges
form a rounded triangle. The anterior surface is gently convex. The lower border is projected down
as an apex to the triangle. The posterior surface has a proximal, smooth articular area, covered with
hyaline cartilage. The articular surface has a vertical ridge dividing it into narrow medial and
broader lateral areas (Fig. 3.28). The bone laid down on a table lies on the broad lateral surface of
the facet, so the right patella can easily be distinguished from the left. The narrow medial surface is
further divided into two vertical strips. The most medial facet is in contact with the medial femoral
condyle only in flexion; the larger lateral facet contacts the lateral condyle throughout all phases of
knee joint movement (Fig. 3.23). The upper border of the bone receives the quadriceps tendon, the
medial border receives the lowest fibres of vastus medialis. The quadriceps tendon covers the front
of the bone, and from each side extensions (patellar retinacula) pass backwards to the collateral
ligaments and downwards to the tibial condyles. The patella is attached distally to the tuberosity of
the tibia by the patellar ligament. This is attached to the lower border of the patella and to the distal
non-articular part of the posterior surface of the bone.

When standing, the lower border of the patella is just proximal to the level of the knee joint (tibial
plateau). Stellate fractures may show no displacement of fragments if the overlying quadriceps
expansion and retinacula remain intact. The bone can be removed with surprisingly little disability.

Ossification. The bone ossifies in cartilage from several centres that appear at 3—6 years and
coalesce quickly. Occasionally one centre may not fuse with the main bone, resulting in a bipartite
patella, which must not be mistaken for a fractured patella in a radiograph.

Tibia
The tibia has a large upper end, extended by massive medial and lateral condyles, and a smaller

lower end having a prominent medial malleolus projecting distally (Fig. 3.51). The shaft is vertical in
the standing position. Much of the bone is subcutaneous and easily palpable.

The superior articular surface or plateau shows a pair of gently concave condylar articular areas,
for articulation with the menisci and the condyles of the femur (Fig. 3.52). The surface on the medial
condyle is oval (long axis anteroposterior) in conformity with the medial femoral condyle and
meniscus. The lateral surface is a little smaller and more nearly circular, in conformity with the
lateral femoral condyle and meniscus. Between the condylar surfaces the plateau is elevated into the
intercondylar eminence, which is grooved anteroposteriorly to form medial and lateral
intercondylar tubercles. The non-articular areas in front of and behind the tubercles show well-
marked facets for attachment of the horns of the menisci and the cruciate ligaments. The anterior horn
of the lateral meniscus is attached just in front of the lateral intercondylar tubercle. Anterior and
medial to this is a large smooth area for attachment of the anterior cruciate ligament. Further forward,
at the margin of the tibial plateau, is a round smooth facet for the anterior horn of the medial meniscus.



The posterior horn of the lateral meniscus is attached just behind the lateral intercondylar tubercle.
The posterior horn of the medial meniscus is attached more posteriorly behind the medial
intercondylar tubercle. Further back is a shallow groove which extends over the posterior edge of the
intercondylar area; the posterior cruciate ligament is attached here.

Figure 3.52 Superior surface of the left tibia, with ligamentous attachments indicated.

The back of the medial condyle is deeply grooved for the semimembranosus insertion; this horizontal
groove extends around the medial contour of the bone, to receive the expansion of the tendon. The
lateral condyle carries the facet for the head of the fibula, facing downwards and posteriorly. Just
above this facet the lateral condyle may show a groove for the popliteus tendon, which plays across
the bone here, lubricated by the popliteus bursa. The anterior surface of the lateral condyle shows a
small smooth facet, Gerdy's tubercle, for the iliotibial tract. Below it a ridge slopes down to the
tuberosity and a similar ridge extends down from the medial condyle; the capsule and patellar
retinacula are attached to these ridges. The tuberosity shows a smooth oval prominence for the
quadriceps insertion via the patellar ligament. The rough triangular area on the lower part of the
tuberosity 1s subcutaneous and covered by the subcutaneous infrapatellar bursa.

The shaft of the tibia is triangular in section. Its anterior and posterior borders, with the medial
surface between them, are subcutaneous. The subcutaneous surface receives the tendons of sartorius,
gracilis and semitendinosus at its upper part; behind and above these the tibial collateral ligament is
attached. The surface is continued at its lower end into the medial malleolus. The anterior border is
sharp above, where it shows a medial convexity behind which tibialis anterior is attached to the
upper two-thirds of the extensor (lateral) surface. This border becomes blunt below, where it
continues into the anterior border of the medial malleolus. The blunt posterior border runs down into
the posterior border of the medial malleolus.

On its fibular side the tibia shows a sharp interosseous border which near the lower end splits into
two. The interosseous border gives attachment to the interosseous membrane, whose oblique fibres
slope down to the fibula. The flexor surface of the shaft lies behind the interosseous border. At its
upper part the soleal line runs down obliquely across this surface from just below the tibiofibular
joint to the posterior border one-third of the way down. Popliteus arises from the triangular surface of
the tibia above the soleal line. Soleus arises in continuity from the soleal line and the middle third of
the posterior border. Below the soleal line the flexor surface shows a vertical ridge on the middle
third of the tibia. Tibialis posterior arises between this ridge and the interosseous border (it crosses
the interosseous membrane to arise also from the fibula). Medial to the ridge, between it and the
posterior border, flexor digitorum longus arises. The upper part of this surface is perforated by a



large nutrient foramen directed downwards.

The lower end of the tibia is rectangular in section. Medially the surface is subcutaneous, with the
great saphenous vein and nerve crossing in front of the medial malleolus (Fig. 3.31). Anteriorly the
bare bone is crossed by the tendons of tibialis anterior and extensor hallucis longus, the anterior tibial
neurovascular bundle and the tendons of extensor digitorum longus and peroneus tertius (Fig. 3.32).
Laterally the surface is triangular between the ridges that diverge from the lower end of the
interosseous border; this triangular area gives attachment to the strong interosseous tibiofibular
ligament. Posteriorly there 1s a groove behind the medial malleolus for the tendon of tibialis
posterior, in its synovial sheath (Fig. 3.35). Alongside it is the tendon of flexor digitorum longus,
while further to the fibular side the fleshy belly of flexor hallucis longus is in contact with the tibia.
The distal surface shows a saddle-shaped facet for the talus, the articular surface extending to the
lateral surface of the medial malleolus. The distal surface of the medial malleolus shows a smooth
area posteriorly for the deep lamina of the deltoid ligament, and the superficial part of the ligament is
attached more superficially to the entire distal border (Fig. 3.40).

The fascia lata of the thigh is attached to the ridges running down to the tuberosity, along with the
patellar retinacula. The deep fascia of the leg is attached to the anterior and posterior borders of the
shaft, down to the medial malleolus, and is fused with the periosteum over the subcutaneous medial
surface of the shaft and malleolus. It is thickened at the lower end of the extensor compartment as the
superior extensor retinaculum, and from the back of the medial malleolus the flexor retinaculum
passes to the calcaneus. The upper limb of the inferior extensor retinaculum is attached to the front of
the malleolus.

Surgical approach. The front of the shaft is exposed by incision over tibialis anterior and detachment
of the muscle from the bone. The incision is not made over the bone itself as healing over the muscle
is better. The posteromedial approach is along the posterior border of the bone, detaching soleus and
flexor digitorum longus. A posterolateral approach begins by opening up the interval between
peroneus longus and soleus, using the common peroneal nerve as the guide to the interval. Then flexor
hallucis longus is stripped off the back of the fibula, and tibialis posterior from the fibula,
interosseous membrane and the tibia. By keeping close to the bone when stripping the fibula, the
peroneal vessels are displaced with the muscles.

Ossification. The shaft ossifies in cartilage from a primary centre that appears in the eighth week of
fetal life. The upper epiphysis (the growing end) shows a centre immediately after birth. At about 10
years, an anterior process from it descends to form the smooth part of the tibial tuberosity to which
the patellar ligament is attached (Fig. 3.53). Before the epiphysis has fused with the shaft, at about 20
years, traction on this process by the attached ligament may cause pain and tenderness at this site in
young adolescents. The lower epiphysis ossifies in the first year and joins the shaft at about 18 years.
The medial malleolus is an extension from the lower epiphysis.




Figure 3.53 Epiphyseal lines at the upper end of the left tibia and fibula (aged 18 years) from the
front. The epiphysis includes the attachment of the patellar ligament and, towards the back, the
facet for the superior tibiofibular joint.

Fibula

The slender shaft of the fibula, the lateral bone of the leg, expands above into a quadrilateral head and
below into a flattened malleolus (Fig. 3.51). The triangular articular surface on the medial aspect of
the lower end has a pit, the malleolar fossa, behind it. Looking at these features enables the left and
right fibulae to be distinguished: the fossa is to the left in the left fibula, to the right in the right fibula

(Fig. 3.54).

The head of the fibula carries an oval or round facet facing proximally and medially; this articulates
with a reciprocal facet on the upper epiphysis of the tibia. The palpable styloid process projects
upwards from the posterolateral part of the head. The arcuate ligament of the knee joint is attached to
it. The fibular collateral ligament and the biceps tendon are attached in front of the styloid process

(Fig. 3.26).

The shaft has three surfaces, anterior, lateral and posterior, corresponding to the extensor, peroneal
and flexor compartments of the leg. The lateral surface between the anterior and posterior borders is
smooth and distally it spirals backwards to become continuous with the groove behind the lateral
malleolus. Peroneus brevis arises from the lower two-thirds of this surface and its tendon passes
down to groove the back of the malleolus. Peroneus longus arises from the upper two-thirds (behind
brevis where they overlap) and its tendon passes down behind that of peroneus brevis. The common
peroneal nerve enters peroneus longus at the neck of the bone, the part of the shaft adjoining the head;
the nerve can be rolled against the bone here, where it may be damaged by a plaster cast or tight
bandaging. It also divides here into its superficial and deep branches. The superficial peroneal nerve
descends within peroneus longus and brevis, while the deep peroneal nerve pierces the anterior
intermuscular septum to reach the extensor compartment of the leg. In the lateral compartment, these
nerves, though very close to the bone, are not in actual contact with it, being cushioned by a few deep
fibres of peroneus longus. The ridges that border the peroneal surface give attachment to the anterior
and posterior septa that enclose the peroneal muscles.



Above the malleolar articular facet is a somewhat rough triangular surface for the interosseous
tibiofibular ligament. From the apex of this triangular area a short ridge passes upwards and forks
into two; the posterior one is the interosseous border and the other the anterior border. The anterior
surface is between these borders and 1s extremely narrow, especially at its upper end, where in some
bones the anterior and interosseous borders fuse. From the upper three-quarters of this narrow strip
extensor digitorum longus takes origin, and here the deep peroneal nerve touches the bone beneath the
muscle. In continuity with this muscle peroneus tertius arises from the lower third of the anterior
surface. Deep to this (i.e. towards the interosseous border) extensor hallucis longus arises from the
middle half of the fibula and the adjacent interosseous membrane.

The posterior surface, between the interosseous and posterior borders, is much wider. The middle
third of this surface shows a vertical ridge, the medial crest, which runs down towards the
interosseous border. It divides this part of the posterior surface into medial and lateral parts. To the
medial part, between the medial crest and the interosseous border, tibialis posterior is attached. The
lateral part of the posterior surface, between the medial crest and the posterior border, is for flexor
hallucis longus. Below the medial crest (i.e. below the origin of tibialis posterior) flexor hallucis
longus continues to arise from the whole posterior surface and from the interosseous membrane as far
as the inferior tibiofibular joint. Here a spiral twist of the posterior surface matches the spiral twist of
the peroneal surface. The upper part of the flexor surface, varying from a quarter to one-third, gives
origin to soleus; a roughened ‘soleal line’ shows on many bones.

The lateral malleolus projects further distally than the medial (tibial) malleolus. Its medial surface
has a triangular articular surface for the talus. The malleolar fossa behind this surface is perforated
by foramina. It gives attachment to two ligaments that diverge to the tibia and the talus: the posterior
tibiofibular ligament, which articulates with the talus (see p. 156) and the posterior talofibular
ligament. The lateral, triangular subcutaneous area has a rounded lower margin with a smooth area in
front for the anterior talofibular ligament and a similar area just in front of the apex for the
calcaneofibular ligament (Fig. 3.41). Between the subcutaneous area and the malleolar fossa is a
smooth groove on the back of the malleolus for the tendon of peroneus brevis. The superior peroneal
retinaculum passes from the tip of the malleolus to the calcaneus.

Surgical approach. The fibula can be exposed from the lateral side, along the interval between

peroneus longus and soleus, using the common peroneal nerve at the upper end as the guide to the
interval.

Ossification. The fibula ossifies in cartilage by a centre in the shaft which appears in the eighth
week. There is an epiphysis at each extremity. The head, the growing end, is exceptional in ossifying
later (fourth year) than the lower end (second year). The upper epiphysis fuses with the shaft by 20
years, the lower before this (about 18 years).

Foot

The skeleton of the foot is made up of tarsus, metatarsus and phalanges. The tarsus consists of seven
bones arranged in proximal and distal rows. The proximal row comprises the talus and calcaneus. In
the distal row are the medial, intermediate and lateral cuneiforms and the cuboid most laterally (Fig.
3.42). Medially the navicular lies between the talus and the cuneiforms. Only one of the tarsal bones,
the calcaneus, rests on the ground (Fig. 3.44). The metatarsus articulates with the tarsus, and the



metatarsal heads, especially the first and fifth, rest on the ground. The toes lie free to move in front of
the metatarsal heads, which are weight-bearing, the first taking more weight than the others.

Calcaneus

The calcaneus, the heel bone, is the largest of the tarsal bones. It articulates with the talus above and
the cuboid in front. It is a rectangular block of bone, characterized by the sustentaculum tali, a shelf
that projects from the upper border of its medial surface (Fig. 3.39B).

The upper surface carries articular facets on its anterior half. The sustentaculum tali and the anterior
part of the body show a common articular facet, elongated and concave; this may be separated into
two halves, but even so they occupy the one joint cavity with the head of the talus. Behind the
sustentacular facet an oblique groove (the floor of the tarsal sinus) widens as it passes laterally and
forwards. The groove gives attachment to the talocalcanean interosseous ligaments and the cervical
ligament. In front of the lateral part of the sinus the bifurcate ligament is attached to the anterior part
of the upper surface. Behind this is the origin of extensor digitorum brevis and, at the lateral margin of
the sinus, the inferior extensor retinaculum is attached. Behind the groove is a convex oval articular
surface where the talus articulates by a separate joint (talocalcanean). These two joint surfaces on the
anterior half of the calcaneus together constitute the inferior surface of the ‘subtalar’ joint, where
inversion and eversion take place. The non-articular posterior half of the upper surface is related to
fibrofatty tissue between the tendo calcaneus and the ankle joint.

The posterior surface has a smooth middle part for the tendo calcaneus. Its lower part, convex, is
grooved longitudinally for attachment of the fibres of the plantar aponeurosis, which sweep back from
the undersurface. The uppermost part is bare for a bursa that lies here deep to the tendo calcaneus.

The inferior surface has the calcanean tuberosity at its posterior end which has medial and lateral
processes extending anteriorly (Fig. 3.57). This is the weight-bearing part of the bone. Small muscles
of the sole of the foot, and superficial to these the plantar aponeurosis, are attached to these
processes. In front of the processes the inferior surface is grooved by the attachment of the long
plantar ligament. This surface tapers to the smooth anterior tubercle of the calcaneus with a fossa in
front of it. The fossa is filled by the short plantar ligament, which is attached to the anterior tubercle.

The anterior surface carries the articular surface for the cuboid.

The lateral surface is almost flat but has a small ridge, the peroneal trochlea, from which the
inferior peroneal retinaculum bridges the sheathed tendons of peroneus brevis in the groove above

and peroneus longus in the groove below the trochlea. The calcaneofibular ligament of the ankle joint
is attached further back.

The medial surface is concave. The fleshy medial head of flexor accessorius occupies this area.
Above the concavity the sustentaculum tali projects; its undersurface is deeply grooved by the
tendon of flexor hallucis longus in its sheath (Fig. 3.57). The rounded medial border of the
sustentaculum gives attachment to the spring ligament in front and the superficial part of the deltoid
ligament behind (Fig. 3.43). The tendon of flexor digitorum longus lies superficial to the
sustentaculum.

The peroneal trochlea is palpable, and the weight-bearing medial and lateral processes can be felt



through the thickness of the heelpad.
Talus

The talus carries the whole body weight. It lies on the weight-bearing calcaneus, below the tibia, and
communicates thrust from the one to the other. The bone possesses a body which is prolonged
forward into a neck and a rounded head.

The upper surface of the body carries an articular area for the ankle joint, the trochlea, which is
convex from front to back but with a shallow central groove (i.e. concave from side to side) (Fig.
3.42). The trochlea is broad in front and narrow behind. The trochlear surface is continued down over
each side of the body for articulation with the stabilizing malleoli.