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The fore- and hind limbs were evolved basically for
bearing the weight of the body and for locomotion as
is seen in quadrupeds, e.g. cows or dogs. The two pairs
of limbs are, therefore, built on the same basic principle.

Each limb is made up of a basal segment or girdle,
and a free part divided into proximal, middle and distal
segments. The girdle attaches the limb to the axial
skeleton. The distal segment carries five digits.
Table 1.1 shows homologous parts of upper and lower
limbs.

However, with the evolution of the erect posture in
man, the function of weight-bearing was taken over by
the lower limbs. Thus the upper limbs, especially the
hands, became free and gradually evolved into organs
having great manipulative skills.

This has become possible because of a wide range of
mobility at the shoulder. The whole upper limb works
as a jointed lever. The human hand is a grasping tool.
It is exquisitely adaptable to perform various complex
functions under the control of a large area of the brain.
The unique position of man as a master mechanic of
the animal world is because of the skilled movements
of his hands.

Table 1.1: Homologous parts of the limbs

Upper limb Lower limb
1. Shoulder girdle Hip girdle
2. Shoulder joint Hip joint
3. Arm with humerus Thigh with femur
4. Elbow joint Knee joint
5. Forearm with radius and ulna  Leg with tibia and fibula
6. Wrist joint Ankle joint
7. Hand with Foot with
a. Carpus a. Tarsus
b. Metacarpus b. Metatarsus and
c. 5 digits c. 5 digits

Introduction
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PARTS OF THE UPPER LIMB

It has been seen that the upper limb is made up of
four parts: (1) Shoulder region; (2) arm or brachium;
(3) forearm or antebrachium; and (4) hand or manus.
Further subdivisions of these parts are given in Table
1.2 and Fig. 1.1.

1 The shoulder region includes:
a. The pectoral or breast region on the front of the chest;
b. The axilla or armpit; and
c. The scapular region on the back comprising parts
around the scapula.

The bones of the shoulder girdle are the clavicle and
the scapula.

Of these, only the clavicle articulates with the axial
skeleton at the sternoclavicular joint. The scapula is
mobile and is held in position by muscles. The
clavicle and scapula articulate with each other at the
acromioclavicular joint.

2 The arm (upper arm or brachium) extends from the
shoulder to the elbow (cubitus). The bone of the arm
is the humerus. Its upper end meets the scapula and
forms the shoulder joint. The shoulder joint permits
movements of the arm.

3 The forearm (antebrachium) extends from the elbow

to the wrist. The bones of the forearm are the radius
and the ulna. At their upper ends, they meet the
lower end of the humerus to form the elbow joint.
Their lower ends meet the carpal bones to form the
wrist joint. The radius and ulna meet each other at
the radioulnar joints.
The elbow joint permits movements of the forearm,
namely flexion and extension. The radioulnar joints
permit rotatory movements of the forearm called
pronation and supination. In a mid-flexed elbow, the
palm faces upwards in supination and downwards
in pronation. During the last movement, the radius
rotates around the ulna (see Fig. 10.23).
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Table 1.2: Parts of the upper limb

Parts Subdivision

1. Shoulder region a. Pectoral region on the
front of the chest
b. Axilla or armpit
¢. Scapular region on the

back
2. Upper arm (arm or brachium) —
from shoulder to the elbow
3. Forearm (antebrachium) —
from elbow to the wrist
4. Hand a. Wrist

Bones Joints

Bones of the shoulder girdle ¢ Sternoclavicular joint

a. Clavicle ¢ Acromioclavicular joint
b. Scapula

Humerus Shoulder joint
(scapulohumeral joint)

a. Radius * Elbow joint

b. Ulna ¢ Radioulnar joints

e Carpus, made up of * Wrist joint

(radiocarpal joint)
Intercarpal joints

8 carpal bones

b. Hand proper ¢ Metacarpus, made up of e Carpometacarpal joints
5 metacarpal bones

c. Five digits, numbered * 14 phalanges—two for * Intermetacarpal joints
from lateral to medial side the thumb, and three for
First = Thumb or pollex each of the four fingers * Metacarpophalangeal
Second = Index or forefinger joints
Third = Middle finger * Proximal and distal
Fourth = Ring finger interphalangeal joints
Fifth = Little finger

4 The hand (manus) includes:

a. The wrist or carpus, supported by eight carpal
bones arranged in two rows.

b. The hand proper or metacarpus, supported by five
metacarpal bones.

c. Five digits (thumb and four fingers). Each finger is
supported by three phalanges, but the thumb has
only two phalanges (therebeing 14 phalanges inall).

The carpal bones form the wrist joint with the radius,

intercarpal joints with one another, and carpometa-
carpal joints with the metacarpals.

The phalanges form metacarpophalangeal joints with
the metacarpals and interphalangeal joints with one
another. :

Movements of the hand are permitted chiefly at the
wrist joint. The thumb moves at the first carpometa-
carpal joint; where an exclusive movement of
opposition besides the other usual movements are
permitted. Each of the second to fifth digits move at
metacarpophalangeal, proximal and distal inter-
phalangeal joints. Figure 1.2 and Flow chart 1.1 shows
the lines of force transmission.

Flow chart 1.1: Lines of force transmission

Force/weight I
Hand |

Wrist joint |
Radius I

Interosseous membrane |

v

Ulna

Elbow joint |

Axial skeleton I
Sternum |

Sternoclavicular joint _I

f

Clavicle

Coracoclavicular
ligament
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INTRODUCTION

Out of 206 total bones in man, the upper limbs contain
as many as 64 bones. Each side consists of 32 bones,
the distribution of which is shown in Table 1.2 and
Fig. 1.1. The individual bones of the upper limb will be
described one by one. Their features and attachments
should be read with the bones before undertaking the
dissection of the part concerned. The paragraphs on
attachments should be revised when the dissection of
a particular region has been completed.

CLAVICLE

The clavicle (Latin a small key) is along bone. It supports
the shoulder so that the arm can swing clearly away
from the trunk. The clavicle transmits the weight of the
limb to the sternum. The bone has a cylindrical part
called the shaft, and two ends, lateral and medial.

Side Determination

The side to which a clavicle belongs can be determined

from the following characters.

1 The lateral end is flat, and the medial end is large
and quadrilateral.

2 The shaft is slightly curved, so that it is convex
forwards in its medial two-thirds, and concave
forwards in its lateral one-third.

3 The inferior surface is grooved longitudinally in its
middle one-third.

Peculiarities of the Clavicle

It is the only long bone that lies horizontally.

It is subcutaneous throughout.

It is the first bone to start ossifying.

It is the only long bone which ossifies in membrane.

Itis the only long bone which has two primary centres
of ossification.

Ul = W N =

6 There is no medullary cavity.
7 Itisoccasionally pierced by the middle supraclavicular
nerve.

It receives weight of upper limb via lateral one-third
through coracoclavicular ligament and transmits
weight of upper limb to the axial skeletal via medial
two-thirds part (see Flow chart 1.1).

Features
Shatt

The shaft (Figs 2.1a and b) is divisible into the lateral
one-third and the medial two-thirds.

The lateral one-third of the shaft is flattened from above
downwards. It has two borders, anterior and posterior.
The anterior border is concave forwards. The posterior
border is convex backwards. This part of the bone has
two surfaces, superior and inferior. The superior surface
is subcutaneous and the inferior surface presents an
elevation called the conoid (Greek cone) tubercle and a
ridge called the trapezoid ridge.

The medial two-thirds of the shaft is rounded and
is said to have four surfaces. The anterior surface is
convex forwards. The posterior surface is smooth. The
superior surface is rough in its medial part. The inferior
surface has a rough oval impression at the medial end.
The lateral half of this surface has a longitudinal
subclavian groove. The nutrient foramen lies at the lateral
end of the groove.

Laterol and Medial Ends

1 The lateral or acromial (Greek peak of shoulder) end
is flattened from above downwards. It bears a facet
that articulates with the acromion process of the
scapula to form the acromioclavicular joint.

2 The medial or sternal end is quadrangular and
articulates with the clavicular notch of the
manubrium sterni to form the sternoclavicular joint.
The articular surface extends to the inferior aspect,
for articulation with the first costal cartilage.



Shoulder Clavicle (1)

Scapula (1)

Arm

Humerus (1)

Elbow
Ulna (1)
Forearm -
Radius (1)

Wrist
Carpal bones (8)
Hand Metacarpal bones (5)

Phalanges (14)

Fig. 1.1: Parts and 32 bones of the upper limb

EVOLUTION OF UPPER LIMBS

The forelimbs have evolved from the pectoral fins of
fishes. In tetrapods (terrestrial vertebrates), all the four
limbs are used for supporting body weight, and for
locomotion. In arboreal (tree-dwelling) human ances-
tors, the forelimbs have been set free from their weight-
bearing function. The forelimbs, thus ‘emancipated’,
acquired a wide range of mobility and were used for
prehension or grasping, feeling, picking, holding,
sorting, breaking, fighting, etc. These functions became
possible only after necessary structural modifications
such as the following, were done:

a. Appearance of joints permitting rotatory movements
of the forearms (described as supination and
pronation), as a result of which food could be picked
up and taken to the mouth.

b. Addition of the clavicle, which has evolved with the
function of prehension.

c. Rotation of the thumb through 90 degrees, so that it
can be opposed to other digits for grasping.

d. Appropriate changes for free mobility of the fingers
and hand.

The primitive pentadactyl limb of amphibians,
terminating in five digits, has persisted through

INTRODUCTION

Fig. 1.2: Scheme of skeleton of upper limb showing lines of
force transmission

evolution and is seen in man. In some other species,
however, the limbs are altogether lost, as in snakes;
while in others the digits are reduced in number as in
ungulates. The habit of brachiation, i.e. suspending the
body by the arms, in anthropoid apes resulted in
disproportionate lengthening of the forearms, and also
in elongation of the palm and fingers.

Study of Anatomy

In studying the anatomy of any region by dissection, it
is usual to begin by studying features of the skin, the
superficial fascia and its contents, and the deep fascia.
This is followed by the study of the muscles of the
region, and finally, the blood vessels and nerves. These
descriptions should be read only after the part has been
dissected with the help of the steps of dissection
provided in the book.

Before undertaking the study of any part of the body,
it is essential for the students to acquire some
knowledge of the bones of the region. It is for this reason
that a chapter on bones (osteology) is given at the
beginning of each section. While reading the chapter,
the students should palpate the various parts of bones
on themselves. The next chapter must be studied with
the help of loose human bones.

Section 1 Upper Limb
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Posterior

Lateral Medial

Anterior

Sternal end

Lateral 1/3rd

Trapezoid ridge

(b)

Conoid tubercle

Anterior

Lateral + Medial

Posterior

Subclavian

— Impression for
groove

costoclavicular
ligament

Figs 2.1a and b: General features of right clavicle: (a) Superior aspect, and (b) inferior aspect

Attachments

1 At the lateral end, the margin of the articular surface
for its acromioclavicular joint gives attachment to the

joint capstule.
2 At the medial end, the margin of the articular surface
for the sternum gives attachment to:

a. Fibrous capsule of sternoclavicular joint all around
(Figs 2.2a and b).

b. Articular disc posterosuperiorly.
c. Interclavicular ligament superiorly.
3 Lateral one-third of shaft
a. The anterior border gives origin to the deltoid

(Fig. 2.2a).
b. The posterior border provides insertion to the
trapezius.
Trapezius
Lateral end
Deltoid Subclavius
Capsule of
acromioclavicular

joint

Trapezius

Trapezoid and conoid parts
of coracoclavicular ligament,

c. The conoid tubercle and trapezoid ridge give
attachment to the conoid and trapezoid parts of the
coracoclavicular ligament (Fig. 2.2b).

4 Medial two-thirds of the shaft

a. Most of the anterior surface gives origin to the
pectoralis major (Figs 2.2a and b).

b. Half of the rough superior surface gives origin to
the clavicular head of the sternocleidomastoid
(Fig. 2.2a).

c. The oval impression on the inferior surface at the
medial end gives attachment to the costoclavicular
ligament (Fig. 2.2b).

d. The subclavian groove gives insertion to the
subclavius muscle. The margins of the groove give
attachment to the clavipectoral fascia.

e. The posterior surface close to medial end gives
origin to sternohyoid muscle

Sternocleidomastoid
Medial end

Capsule of
sternoclavicular joint

(@)

Pectoralis major

Sternal end

Sternohyoid

Costaclavicular
ligament

Figs 2.2a and b: Attachments of right clavicle: (a) Superior aspect, and (b) inferior aspect

Section 1 Upper Limb
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f. The subclavian vessels and cords of brachial plexus Trapezius
pass towards the axilla lying between the inferior
surface of the clavicle and upper surface of first
rib. Subclavius muscle acts as a cushion. Ends of the

The nutrient foramen transmits a branch of the fractured

suprascapular artery. slayicle

OSSIFICATION

The clavicle is the first bone in the body to ossify
(Fig. 2.3). Except for its medial end, it ossifies in
membrane. It ossifies from two primary centres and
one secondary centre.

The two primary centres appear in the shaft
between the fifth and sixth weeks of intrauterine life,
and fuse about the 45th day. The secondary centre
for the medial end appears during 15-17 years, and Fig. 2.4: Fracture of clavicle
fuses with the shaft during 21-22 years. Occasionally
there may be a secondary centre for the acromial end.

Deltoid

2 primary centres

Secondary centre Acromial
in sternal end end

\ Fig. 2.3: Ossification

CLINICAL ANATOMY

* The clavicle is commonly fractured by falling on
the outstretched hand (indirect violence). The
most common site of fracture is the junction Fig. 2.5: Cleidocranial dysostosis

Sternocleido-
mastoid

Pectoralis
major

between the two curvatures of the bone, which is
the weakest point. The lateral fragment is
displaced downwards by the weight of the limb
as trapezius muscle alone is unable to support the
weight of upper limb (Fig. 2.4). Suprascapular notch
* The clavicles may be congenitally absent, or
imperfectly developed in a disease called
cleidocranial dysostosis. In this condition, the Supraspinous fossa —
shoulders droop, and can be approximated Crest of spine
anteriorly in front of the chest (Fig. 2.5). of scapula

Infraspinous fossa

Acromial process (acromion) with its medial border

Coracoid process

Spinous process

SCAPULA

The scapula (Latin shoulder) is a thin bone placed on
the posterolateral aspect of the thoracic cage. The
scapula has two surfaces, three borders, three angles,

Lateral
border

iy A — Infraglenoid

tubercle

Medial border —& ¢ Lateral border

and three processes (Fig. 2.6). Fig. 2.6: General features of right scapula: Dorsal surface



Side Determination

1 The lateral or glenoid (Greek shallow form) angle is
large and bears the glenoid cavity.

2 The dorsal surface is convex and is divided by the
triangular spine into the supraspinous and
infraspinous fossae. The costal surface is occupied
by the concave subscapular fossa to fit on the convex
chest wall (Figs 2.6 and 2.7).

3 The thickest lateral border runs from the glenoid
cavity above to the inferior angle below.

Features

Surfaces

1 The costal surface or subscapular fossa is concave and
is directed medially and forwards. It is marked by
three longitudinal ridges. Another thick ridge adjoins
the lateral border. This part of the bone is almost
rod-like: It acts as a lever for the action of the serratus
anterior in overhead abduction of the arm.

2 The dorsal surface gives attachment to the spine of
the scapula which divides the surface into a smaller
supraspinous fossa and a larger infraspinous fossa. The
two fossae are connected by the spinoglenoid notch,

_dituated lateral to the root of the spine.

Borders

1 The superior border is thin and shorter. Near the root
of the coracoid process it presents the suprascapular
notch.

2 The lateral border is thick. At the upper end it presents
the infraglenoid tubercle.

3 The medial border is thin. It extends from the superior
angle to the inferior angle.

Angles

1 The superior angle is covered by the trapezius.

2 The inferior angle is covered by the latissimus dorsi. It
moves forwards round the chest when the arm is
abducted.

3 The lateral or glenoid angle is broad and bears the
glenoid cavity or fossa, which is directed forwards,
laterally and slightly upwards (Fig. 2.7).

Processes

1 The spine or spinous process is a triangular plate of
bone with three borders and two surfaces. It divides
the dorsal surface of the scapula into the
supraspinous and infraspinous fossae. Its posterior
border is called the crest of the spine. The crest has
upper and lower lips.

2 The acromion has two borders, medial and lateral;
two surfaces, superior and inferior; and a facet for
the clavicle (Fig. 2.7).
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Facet for
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v With clavicle

Acromion—¢ Superior border

Coracoid process — . Q Superior angle

Supraglenoid
tubercle
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Subscapular
fossa

Lateral border -
Medial border

Inferior angle

Fig. 2.7: General features of right scapula: Costal surface

3 The coracoid (Greek like a crow’s beak) process is
directed forwards and slightly laterally. It is bent and
finger like. It is atavistic type of epiphysis.

Atachments

1 The multipennate subscapularis arises from
the medial two-thirds of the subscapular fossa
(Figs 2.8 and 6.4).

2 The supraspinatus arises from the medial two-thirds
of the supraspinous fossa including the upper
surface of the spine (Fig. 2.9).

3 The infraspinatus arises from the medial two-thirds
of the infraspinous fossa, including the lower
surface of the spine (Fig. 2.9).

4 The deltoid arises from the lower border of the crest
of the spine and from the lateral border of the
acromion (Fig. 2.10). The acromial fibres are
multipennate.

5 The trapezius is inserted into the upper border of
the crest of the spine and into the medial border of
the acromion (Fig. 2.10).

6 The serratus anterior is inserted along the medial
border of the costal surface: One digitation from the
superior angle to the root of spine, two digitations
to the medial border, and five digitations to the
inferior angle (Fig. 2.8).

7 The long head of the biceps brachii arises from the
supraglenoid tubercle; and the short head from the
lateral part of the tip of the coracoid process
(Fig. 2.9).

8 The coracobrachialis arises from the medial part of
the tip of the coracoid process.

9 The pectoralis minor is inserted into the medial
border and superior surface of the coracoid process
(Fig. 2.8).
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Deltoid

Acromion
Pectoralis minor
Coracoid process

Coracobrachialis and short
head of biceps brachii

Capsule of shoulder joint

Long head of triceps brachii

Lateral border of scapula

Subscapularis

Clavicular facet
Capsule of acromioclavicular joint

Suprascapular ligament

Omohyoid (inferior belly)

1st digitation

Coracoclavicular
ligament

2nd and 3rd digitations

Serratus anterior

4th to 8th digitations

Fig. 2.8: Attachments of right scapula: Costal aspect

/ Trapezius

Deltoid

Supraspinatus

Levator scapulae

Rhomboid minor

Circumflex scapular artery

Rhomboid major

Acromion

Coracobrachialis and short
head of biceps brachii

Long head of biceps brachii

Triceps brachii, long head

Teres minor

Infraspinatus

Teres major

Latissimus dorsi

Fig. 2.9: Attachments of right scapula: Dorsal aspect

10 The long head of the triceps brachii arises from the
infraglenoid tubercle.

11 The teres minor arises from the upper two-thirds of
the rough strip on the dorsal surface along the lateral
border (Fig. 2.9).

12 The teres major arises from the lower one-third of
the rough strip on the dorsal aspect of the lateral
border (Fig. 2.9).

13 The levator scapulae is inserted along the dorsal
aspect of the medial border, from the superior angle
up to the root of the spine (Fig. 2.9).

14 The rhomboid minor is inserted into the medial border
(dorsal aspect) opposite the root of the spine (Fig.
2.9).

15 The rhomboid major is inserted into the medial border
(dorsal aspect) between the root of the spine and
the inferior angle.



Pectoralis minor

Conoid and trapezoid parts
of coracoclavicular ligament

Suprascapular notch and ligament

Omohyoid (inferior belly)

Superior angle
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Coracobrachialis and
short head of biceps brachii

Coracoacromial ligament

Coracohumeral ligament

Biceps brachii, long head

Coracoacromial ligament

Capsule of acromioclavicular
joint

Glenoid cavity

Spinoglenoid notch

Trapezius J

W Deltoid

Fig. 2.10: Right scapula: Superior aspect

16 The inferior belly of the omohyoid arises from the upper
border near the suprascapular notch (Fig. 2.8).

17 The margin of the glenoid cavity gives attachment
to the capsule of the shoulder joint and to the
glenoidal labrum (Latin lip) (Fig. 2.8).

18}ﬂ'he margin of the facet on the medial aspect of the
acromion gives attachment to the capsule of the
acromioclavicular joint (Fig. 2.10).

19 The coracoacromial ligament is attached (a) to the
lateral border of the coracoid process, and (b) to the
medial side of the tip of the acromion process (Figs
2.10 and 6.7).

20 The coracohumeral ligament is attached to the root of
the coracoid process (Fig. 2.10).

21 The coracoclavicular ligament is attached to the
coracoid process: The trapezoid part on the superior
aspect, and the conoid part near the root (Fig. 2.10).

22 The transverse ligament bridges across the
suprascapular notch and converts it into a foramen
which transmits the suprascapular nerve. The
suprascapular vessels lie above the ligament (Fig. 2.10).

23 The spinoglenoid ligament may bridge the
spinoglenoid notch. The suprascapular vessels and
nerve pass deep to it (Fig. 10.3).

OSSIFICATION

The scapula ossifies from one primary centre and
seven secondary centres. The primary centre appears
near the glenoid cavity during the eighth week of
development. The first secondary centre appears in
the middle of the coracoid process during the first
year and fuses by the 15th year. The subcoracoid
centre appears in the root of the coracoid process
during the 10th year and fuses by the 16th to 18th
years (Fig. 2.11). The other centres, including two for

the acromion, one for the lower two-thirds of the
margin of the glenoid cavity, one for the medial
border and one for the inferior angle, appear at
puberty and fuse by the 25th year.

The fact of practical importance is concerned with
the acromion. If the two centres appearing for
acromion fail to unite, it may be interpreted as a
fracture on radiological examination. In such cases,
a radiograph of the opposite acromion will mostly
reveal similar failure of union.

CLINICAL ANATOMY

» Paralysis of the serratus anterior causes ‘winging’
of the scapula. The medial border of the bone
becomes unduly prominent, and the arm cannot
be abducted beyond 90 degrees (Fig. 2.12).

* The scaphoid scapula is a developmental anomaly,
in which the medial border is concave.

The humerus is the bone of the arm. It is the longest
bone of the upper limb. It has an upper end, a lower
end and a shaft (Figs 2.13 and 2.14).

Side Determination

1 The upper end is rounded to form the head. The
lower end is expanded from side to side and flattened
from before backwards.

The head is directed medially, upwards and
backwards.

The lesser tubercle projects from the front of the
upper end and is limited laterally by the
intertubercular sulcus or bicipital groove.

N

W
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For subcoracoid centre:
Appearance—10th year
Fusion—16th to

18th year (2)

Primary centre during

For coracoid process:
Appearance—1st year
Fusion—15th year (1)

Two for acromion (3 and 4)
Appearance—puberty
Fusion—25th year
For part of glenoid cavity (5)

8th week of intrauterine life

Medial border (6)

Appearance—puberty
Fusion—25th year

Inferior angle (7)

Fig. 2.11:

Fig. 2.12: Winging of right scapula

Features
Upper End

1 The head is directed medially, backwards and
upwards. It articulates with the glenoid cavity of the
scapula to form the shoulder joint. The head forms
about one-third of a sphere and is much larger than
the glenoid cavity.

2 The line separating the head from the rest of the
upper end is called the anatomical neck.

3 The lesser tubercle (Latin lump) is an elevation on the
anterior aspect of the upper end (Fig. 2.13).

4 The greater tubercle is an elevation that forms the
lateral part of the upper end. Its posterior aspect is
marked by three impressions—upper, middie and
lower.

5 The intertubercular sulcus or bicipital groove separates
the lesser tubercle medially from the anterior part of
the greater tubercle. The sulcus has medial and lateral

Ossification of scapula

Hole in capsule
Lesser tubercle
Head
Capsular line

Greater tubercle

Anatomical neck

Medial lip

. Intertubercular sulcus
Lateral lip

Deltoid tuberosity Medial border

ﬁ Nutrient foramen

Anterior border

Anterolateral surface !
Anteromedial surface

Lateral supra-
condylar ridge

Coronoid f
Radial fossa - oronoid Tossa

Medial supracondylar
ridge

Lateral epicondyle Medial epicondyle
Capitulum Trochlea and its medial

edge

Fig. 2.13: General features of right humerus seen from front

lips that represent downward prolongations of the
lesser and greater tubercles.

6 The narrow line separating the upper end of the
humerus from the shaft is called the surgical neck
(Fig. 2.14).

7 Morphological neck lies 0.5 cm above surgical neck;
shows the position of epiphyseal line (Fig. 2.14).

Shart

The shaft is rounded in the upper half and triangular
in the lower half. It has three borders and three surfaces.



Groove for radial nerve

Head covered with

articular cartilage Anatomical neck
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neck
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Deltoid tuberosity
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Epiphyseal line of e Olecranon fossa

P/
medial epicondyle ‘F'j’

Fig. 2.14: Features of right humerus seen from behind

Borders

1

The upper one-third of the anterior border forms the
lateral lip of the intertubercular sulcus. In its middle
part, it forms the anterior margin of the deltoid
tuberosity. The lower half of the anterior border is
smooth and rounded.

The lateral border is prominent only at the lower end
where it forms the lateral supracondylar ridge. In the
upper part, it is barely traceable up to the posterior
surface of the greater tubercle. In the middle part, it
is interrupted by the radial or spiral groove (Fig. 2.13).
The upper part of the medial border forms the medial
lip of the intertubercular sulcus. About its middle it
presents a rough strip. It is continuous below with
the medial supracondylar ridge.

Surfoces

1

The anterolateral surface lies between the anterior and
lateral borders. The upper half of this surface is
covered by the deltoid. A little above the middle it is
marked by a V-shaped deltoid (Greek triangular
shaped) tuberosity. Behind the deltoid tuberosity the
radial groove runs downwards and forwards across
the surface.

The anteromedial surface lies between the anterior and
medial borders. Its upper one-third is narrow and
forms the floor of the intertubercular sulcus. A
nutrient foramen is seen on this surface in its middle,
near the medial border (Fig. 2.13).

3

BONES OF UPPER LIMB

The posterior surface lies between the medial and
lateral borders. Its upper part is marked by an
oblique ridge. The middle one-third is crossed by
the radial groove (Fig. 2.14).

Llower End

The lower end of the humerus forms the condyle which
is expanded from side to side, and has articular and
nonarticular parts. The articular part includes the
following.

1

The capitulum (Latin little head) is a rounded
projection which articulates with the head of the
radius (Fig. 2.13).

The trochlea (Greek pulley)is a pulley-shaped surface.
It articulates with the trochlear notch of the ulna. The
medial edge of the trochlea projects down 6 mm more
than the lateral edge: This results in the formation of
the carrying angle (Fig. 2.13).

The nonarticular part includes the following.

1

The medial epicondyle is a prominent bony projection
on the medial side of the lower end. It is
subcutaneous and is easily felt on the medial side of
the elbow (Fig. 2.13).

The lateral epicondyle is smaller than the medial
epicondyle. Its anterolateral part has a muscular
impression.

The sharp lateral margin just above the lower end is
called the lateral supracondylar ridge.

The medial supracondylar ridge is a similar ridge on
the medial side.

The coronoid fossa is a depression just above the
anterior aspect of the trochlea. It accommodates the
coronoid process of the ulna when the elbow is flexed
(Fig. 2.13).

The radial fossa is a depression present just above the
anterior aspect of the capitulum. It accommodates
the head of the radius when the elbow is flexed.
The olecranon (Greek ulna head) fossa lies just above
the posterior aspect of the trochlea. It accommodates
the olecranon process of the ulna when the elbow is
extended (Fig. 2.14).

Attachments

1 The multipennate subscapularis is inserted into the
lesser tubercle (Fig. 2.15).

2 The supraspinatus is inserted into the uppermost
impression on the greater tubercle.

3 The infraspinatus is inserted into the middle
impression on the greater tubercle (Fig. 2.16).

4 The teres minor is inserted into the lower impression
on the greater tubercle (Fig. 2.16).

5 The pectoralis major is inserted into the lateral lip of
the intertubercular sulcus. The insertion is bilaminar
(Fig. 2.15).

Section 1 Upper Limb



Section 1 Upper Limb

UPPER LIMB
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Supraspinatus

Subscapularis

- Capsular ligament
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Fig. 2.15: Attachments of right humerus: Anterior view
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Fig. 2.16: Attachments of right humerus: Posterior view

6 The latissimus dorsi is inserted into the floor of the
intertubercular sulcus.
7 The teres major is inserted into the medial lip of the
intertubercular sulcus.
8 The contents of the intertubercular sulcus are:
a. The tendon of the long head of the biceps brachii, and
its synovial sheath.
b. The ascending branch of the anterior circumflex
humeral artery.
9 The deltoid is inserted into the deltoid tuberosity
(Fig. 2.15).

10 The coracobrachialis is inserted into the rough area
on the middle of the medial border.

11 The brachialis arises from the lower halves of the
anteromedial and anterolateral surfaces of the shaft.
Part of the area extends onto the posterior aspect
(Fig. 2.15).

12 The brachioradialis arises from the upper two-thirds
of the lateral supracondylar ridge (Fig. 2.15).

13 The extensor carpi radialis longus arises from the lower
one-third of the lateral supracondylar ridge (Fig. 2.15).

14 The pronator teres (humeral head) arises from the lower
one-third of the medial supracondylar ridge (Fig. 2.15).

15 The supetficial flexor muscles of the forearm arise by a
common origin from the anterior aspect of the medial
epicondyle. This is called the common flexor origin.

16 The supetficial extensor muscles of the forearm and
supinator have a common origin from the lateral
epicondyle. This is called the common extensor
origin (Fig. 2.15).

17 The anconeus (Greek elbow) arises from the posterior
surface of the lateral epicondyle (Fig. 2.16).

18 Lateral head of triceps brachii arises from oblique
ridge on the upper part of posterior surface above
the radial groove, while its medial head arises from
posterior surface below the radial groove (Fig. 2.16).

19 The capsular ligament of the shoulder joint is attached
to the anatomical neck except on the medial side
where the line of attachment dips down by about
two centimetres to include a small area of the shaft
within the joint cavity. The line is interrupted at the
intertubercular sulcus to provide an aperture
through which the tendon of the long head of the
biceps brachii leaves the joint cavity (Fig. 2.13).

20 The capsular ligament of the elbow joint is attached to
the lower end along a line that reaches the upper
limits of the radial and coronoid fossae anteriorly;
and of the olecranon fossa posteriorly; so that these
fossae lie within the joint cavity. Medially, the line
of attachment passes between the medial epicondyle
and the trochlea. On the lateral side, it passes
between the lateral epicondyle and the capitulum
(Figs 2.15 and 2.16).

21 Three nerves are directly related to the humerus and
are, therefore, liable to injury: The axillary at the



Deltoid muscle

Deltoid tuberosity

Radial nerve

Olecranon fossa

Fig. 2.17: Relation of axillary, radial and ulnar nerves to the back

of humerus

surgical neck, the radial at the radial groove, and the

ulnar behind the medial epicondyle (Fig. 2.17).

OSSIFICATION

The humerus ossifies from one primary centre and
7 secondary centres. The primary centre appears in
the middle of the diaphysis during the 8th week of
development (Table 2.1).

The upper end ossifies from 3 secondary centres—
one for the head (first year), one for the greater
tubercle (second year), and one for the lesser tubercle
(fifth year). The 3 centres fuse together during the
sixth year to form one epiphysis, which fuses with
the shaft during the 20th year. The epiphyseal line
encircles the bone at the level of the lowest margin
of the head. This is the growing end of the bone
(remember that the nutrient foramen is always
directed away from the growing end).

The lower end ossifies from 4 centres which form
2 epiphyses. The centres include one for the
capitulum and the lateral flange of the trochlea (first
year), one for the medial flange of the trochlea (9th
year), and one for the lateral epicondyle (12th year):
All three fuse during the 14th year to form one
epiphysis, which fuses with the shaft at about 16
years. The centre for the medial epicondyle appears
during 4-6 years, forms a separate epiphysis, and
fuses with the shaft during the 20th year.
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CLINICAL ANATOMY

The common sites of fracture of humerus are the
surgical neck, the shaft, and the supracondylar
region.

Supracondylar fracture is common in young age. It
is produced by a fall on the outstretched hand.
The lower fragment is mostly displaced
backwards, so that the elbow is unduly prominent,
as in dislocation of the elbow joint. This fracture
may cause injury to the median nerve. It may also
lead to Volkmann's ischaemic contracture caused by
occlusion of the brachial artery (Fig. 2.18).

The three bony points of the normal elbow form
the equilateral triangle in a flexed elbow and are
in one line in an extended elbow (Fig. 2.19).

The humerus has a poor blood supply at the
junction of its upper and middle thirds. Fractures
at this site show delayed union or nonunion.
The head of the humerus commonly dislocates
inferiorly (Fig. 2.20).

RADIUS

The radius is the lateral bone of the forearm, and is
homologous with the tibia of the lower limb. It has an
upper end, a lower end and a shaft.

Side Determination

1

2

Upper end is having disc shaped head while lower
end is expanded with a styloid process.

At the lower end, the anterior surface is in the form
of thick prominent ridge. While the posterior surface
presents four grooves for the extensor tendons.
The sharpest border of the shaft is the medial border.
Close to neck it presents a radial tuberosity.

Lower end presents a tubercle on the posterior
surface called as dorsal tubercle of Lister.

Features
UpperEnd

1

The head is disc-shaped and is covered with hyaline
cartilage (Fig. 2.21). It has a superior concave surface
which articulates with the capitulum of the humerus
at the elbow joint. The circumference of the head is
also articular. It fits into a socket formed by the radial
notch of the ulna and the annular ligament, thus
forming the superior radioulnar joint.

The neck is enclosed by the narrow lower margin of
the annular ligament. The head and neck are free
from capsular attachment and can rotate freely
within the socket.

The tuberosity lies just below the medial part of the
neck. It has a rough posterior part and a smooth
anterior part.
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Table 2.1: Ossification of humerus, radius and ulna

Name of bone and parts  Primary centre Secondary centres Time of fusion together Time of fusion
with shaft
Humerus
* Shaft 8 wk IUL — — —
¢ Upper end (intrauterine life)
Head 1st yr
Greater tubercle 2nd yr 6th yr 20th yr
Lesser tubercle 5th yr
¢ Lower end
Capitulum + lateral
part of trochlea 1st yr
Medial part of trochlea 9th yr 14th yr 16th yr
Lateral epicondyle 12th yr
¢ Medial epicondyle 5th yr — 20th yr
Radius
¢ Shaft 8 wk IUL — — =
* Lower end — 1st yr — 20th yr
e Upper end — 4th year 18th yr
Ulnha
¢ Shaft 8 wk IUL — — -
¢ Lower end —_ 5th yr == 18th yr
*—tlpper end — 10th yr 16th yr
Borders
Clawing of 1 The anterior border extends from the anterior margin
fingers and of the radial tuberosity to the styloid process. It is

thumb oblique in the upper half of the shaft, and vertical in

the lower half. The oblique part is called the anterior
oblique line. The lower vertical part is crest-like
(Fig. 2.21).

2 The posterior border is the mirror image of the anterior
border, but is clearly defined only in its middle one-
third. The upper oblique part is known as the
posterior oblique lines (Fig. 2.21).

3 The medial or interosseous border is the sharpest of the
three borders. It extends from the radial tuberosity
above to the posterior margin of the ulnar notch
below. The interosseous membrane is attached to its
lower three-fourths. In its lower part, it forms the
posterior margin of an elongated triangular area.

Occlusion §
of brachial WM
artery i

/* Supracondylar
: fracture of humerus

(a) (b)

Wasting of
forearm

Figs 2.18a and b: (a) Supracondylar fracture of humerus,

and (b} Volkmann’s ischaemic contracture Surfaces

1 The anterior surface lies between the anterior and

interosseous borders. A nutrient foramen opens in
) its upper part, and is directed upwards. The nutrient
Shatt artery is a branch of the anterior interosseous artery
It has three borders and three surfaces (Fig. 2.22). (Fig. 2.23).




Lateral epicondyle

Medial epicondyle

Olecranon process

Lateral
Medial epicondyle

epicondyle

Olecranon
process

(@) )

Figs 2.19a and b: Relationship of lateral epicondyle,
olecranon process and medial epicondyle in: (a) Flexed elbow,

and (b) extended elbow
RN

Acromion

Normal
position of
humerus

Humerus dislocated
inferiorly

Fig. 2.20: ' Inferior dislocation of humerus

2 The posterior surface lies between the posterior and
interosseous borders.

3 The lateral surface lies between the anterior and
posterior borders. It shows a roughened area in its
middle part.

lowerEnd

The lower end is the widest part of the bone. It has

5 surfaces.

1 The anterior surface is in the form of a thick
prominent ridge. The radial artery is palpated against
this surface (Fig. 2.21).
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Fig. 2.21: Features of right radius: Anterior aspect
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Fig. 2.22: Features of right radius: Posterior aspect
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I
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Fig. 2.23: The radius and ulna in transverse section

Posterior border Posterior border

For scaphoid

__ Inferior surface Styloid process

For lunate

Fig. 2.24: Inferior surfaces of radius and ulna

2 The posterior surface presents four grooves for the
extensor tendons. The dorsal tubercle of Lister lies
lateral to an oblique groove (Fig. 2.22).

3 The medial surface is occupied by the ulnar notch for
the head of the ulna (Fig. 2.24).

4 The lateral surface is prolonged downwards to form
the styloid (Greek pillar) process (Fig. 2.22).

5 The inferior surface bears a triangular area for the
scaphoid bone, and a medial quadrangular area for
the lunate bone. This surface takes part in forming
the wrist joint (Fig. 2.24).

Attachments

1 The biceps (Latin two heads) brachii is inserted into
the rough posterior part of the radial tuberosity. The
anterior part of the tuberosity is covered by a bursa
(Figs 2.25 and 8.4).

2 The supinator (Latin to bend back) is inserted into the
upper part of the lateral surface (Fig. 2.26).

3 The pronator teres is inserted into the middle of the
lateral surface (Fig. 2.25).

4 The brachioradialis is inserted into the lowest part
of the lateral surface just above the styloid process
(Fig. 2.25).

5 The radial head of the flexor digitorum superficialis
takes origin from the anterior oblique line and the
upper part of anterior border (Fig. 2.25).

6 The flexor pollicis (Latin thumb) longus takes origin
from the upper two-thirds of the anterior surface
(Fig. 2.25).

7 The pronator quadratus is inserted into the lower part
of the anterior surface and into the triangular area
on the medial side of the lower end. The radial artery
is palpated for “radial pulse” as it lies medial to the
sharp anterior border of radius, lateral to the tendon
of flexor carpi radialis (Fig. 2.25).

8 The abductor pollicis longus and the extensor pollicis
brevis arise from the posterior surface (Fig. 2.26).

9 The quadrate ligament is attached to the medial part
of the neck.

10 The obligue cord is attached on the medial side just
below the radial tuberosity (Fig. 2.25).

11 The articular capsule of the wrist joint is attached to
the anterior and posterior margins of the inferior
articular surface (Figs 2.21 and 2.22).

12 The articular disc of the inferior radioulnar joint is
attached to the lower border of the ulnar notch
(Fig. 2.25).

13 The extensor retinaculum is attached to the lower part
of the anterior border.

14 The interosseous membrane is attached to the lower
three-fourths of the interosseous border.

Olecranon process Capsular ligament

Brachialis
Head —
Oblique cord :

Flexor digitorum
superficialis

Pronator teres

Supinator
Biceps brachii

Flexor digitorum

superficialis Flexor digitorum

profundus

Ulna
Pronator teres Anterior border

Flexor pollicis —
longus

Pronator quadratus

Radial artery ——# Capsular ligament

Brachioradialis ——j Styloid process

Styloid process Attachment of articular
disc

Fig. 2.25: Attachments of right radius and ulna: Anterior aspect
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Fig. 2.26: Attachments of right radius and ulna: Posterior aspect

15 The first groove between crest like lowest part of
anterior border and styloid process gives passage
to abductor pollicis longus and extensor pollicis brevis.

16 The second groove between styloid process and
dorsal tubercle gives way to extensor carpi radialis
longus and extensor carpi radialis brevis tendons.

17 The third oblique groove medial to dorsal tubercle
gives passage to extensor pollicis longus tendon

18 The fourth groove on the medial aspect gives
passage to tendons of extensor digitorum, extensor

Extensor pollicis longus tendon

BONES OF UPPER LIMB

indicis, posterior interosseous nerve and anterior
interosseous artery.
19 In addition at the junction of lower ends of radius
and ulna, passes the tendon of extensor digiti minimi.
20 Lastly in relation to ulna, between its head and
styloid process traverses the tendon of extensor carpi
ulnaris.

These are six compartments under extensor
retinaculum of wrist, four are in relation to radius, 5th
at the junction of radius and ulna and 6th on the ulna
itself between its head and styloid process (Fig. 2.27).

OSSIFICATION

* The shaft ossifies from a primary centre which
appears during the 8th week of development.

¢ The lower end ossifies from a secondary centre
which appears during the first year and fuses at
20 years; it is the growing end of the bone.

¢ The upper end (head) ossifies from a secondary
centre which appears during the 4th year and fuses
at 18 years (Table 2.1).

CLINICAL ANATOMY

* The radius commonly gets fractured about 2 cm
above its lower end (Colles’ fracture). This fracture
is caused by a fall on the outstretched hand
(Fig. 2.28a). The distal fragment is displaced
upwards and backwards, and the radial styloid
process comes to lie proximal to the ulnar styloid
process. (It normally lies distal to the ulnar styloid
process.) If the distal fragment gets displaced
anteriorly, it is called Smith'’s fracture (Fig. 2.28b).

¢ A sudden powerful jerk on the hand of a child may
dislodge the head of the radius from the grip of the
annular ligament. This is known as subluxation of
the head of the radius (pulled elbow) (Fig. 2.29). The
head can normally be felt in a hollow behind the
lateral epicondyle of the humerus.

Extensor indicis tendon

Extensor
digitorum
tendons

Dorsal tubercle
Extensor carpi radialis

brevis tendon

Extensor carpi radialis
longus tendon

Extensor pollicis brevis tendon

Abductor pollicis longus tendon

Styloid process
of radius

Sharp anterior barder

Extensor digiti minimi tendon

Extensor retinaculum

Extensor carpi
ulnaris tendon

Fig. 2.27: Tendons in the 1-6 compartments on the posterior surfaces of lower ends of radius and ulna
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Colle’s fracture

Figs 2.28a and b: (a) Colles’ fracture with dinner fork
deformity, (b) Smith’s fracture

Ulna

Radius

Head of radius
pulled out of
annular
ligament

Lower end
of humerus

(b)

Figs 2.29a and b: Pulled elbow

ULNA

The ulna is the medial bone of the forearm, and is
homologous with the fibula of the lower limb. It has
upper end, shaft and a lower end.

Side Determination

1 The upper end is hook-like, with its concavity
directed forwards.

2 The lateral border of the shaftis sharp and crest-like.

3 Pointed styloid process lies posteromedial to the
rounded head of ulna at its lower end.

Features
UpperEnd

The upper end presents the olecranon and coronoid
processes, and the trochlear and radial notches (Fig. 2.30).
1 The olecranon process projects upwards from the shaft.

It has superior, anterior, posterior, medial and lateral

surfaces.

e The anterior surface is articular, it forms the upper
part of the trochlear notch (Fig. 2.31a)

e The posterior surface forms a triangular
subcutaneous area which is separated from the
skin by a bursa. Inferiorly, it is continuous with
the posterior border of the shaft of the ulna (Fig.
2.32). The upper part forms the point of the elbow.

Olecranon process
Radial notch
Head

Trochlear notch
Coronoid process

Anterior surface
of coronoid process

Radial tuberosity Ulnar tuberosity

Nutrient foramen

Sharp lateral
border

Medial surface

) Anterior surface
Anterior borders

Radius

Lateral surface

Interosseous
membrane

Inferior radioulnar
joint

Epiphyseal li
pipnysealine Styloid process

Capsular line

Fig. 2.30: Anterior surfaces of radius and uina
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Trochlear P

notch
Coronoid process

Olecranon process
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coronoid process

Radial notch on
lateral surface with
annular ligament

_ Lateral surface
i (b)

Ulna

Apex of
articular disc
of inferior
radioulnar joint
Ulnar collateral ligament
on styloid process

Head of

ulna

Figs 2.31a and b: (a) Features of anterior aspect of ulna, and
(b) upper end of uina

» The medial surface is continuous inferiorly with the
medial surface of the shaft.

¢ The lateral surface is smooth, continues as posterior
surface of shaft.

* The superior surface in its posterior part shows a
roughened area.

2 The coronoid (Greek like crow’s beak) process projects
forwards from the shaft just below the olecranon and
has four surfaces, namely superior, anterior, medial
and lateral.

» The superior surface forms the lower part of the
trochlear notch.

e The anterior surface is triangular and rough. Its
lower corner forms the ulnar tuberosity.

¢ The upper part of its lateral surface is marked by
the radial notch for the head of the radius. The
annular ligament is attached to the anterior and
posterior margins of the notch. The lower part of
the lateral surface forms a depressed area to
accommodate the radial tuberosity. It is limited
behind by a ridge called the supinator crest.

* Medial surface is continuous with medial surface
of the shaft.

3 The trochlear notch forms an articular surface that
articulates with the trochlea of the humerus to form
the elbow joint (Fig. 2.31b).

BONES OF UPPER LIMB

4 The radial notch articulates with the head of the radius
to form the superior radioulnar joint (Fig. 2.31b).

Shaff

The shaft has three borders and three surfaces
(Fig. 2.23).

Borders

1 The interosseous or lateral border is sharpest in its
middle two-fourths. Inferiorly, it can be traced to the
lateral side of the head. Superiorly, it is continuous
with the supinator crest.

2 The anterior border is thick and rounded. It begins
above on the medial side of the ulnar tuberosity,
passes backwards in its lower one-third, and
terminates at the medial side of the styloid process
(Fig. 2.25).

3 The posterior border is subcutaneous. It begins, above,
at the apex of the triangular subcutaneous area at
the back of the olecranon, and terminates at the base
of the styloid process.

Surfaces

1 The anterior surface lies between the anterior and
interosseous borders. A nutrient foramen is seen on
the upper part of this surface. It is directed upwards.
The nutrient artery is derived from the anterior
interosseous artery (Fig. 2.30).

2 The medial surface lies between the anterior and
posterior borders (Fig. 2.30).

3 The posterior surface lies between the posterior and
interosseous borders. Itis subdivided into three areas
by two lines. An oblique line divides it into upper
and lower parts. The lower part is further divided
by a vertical line into a medial and a lateral area
(Fig. 2.32).

Llower End

The lower end is made up of the head and the styloid
process. The head articulates with the ulnar notch of
the radius to form the inferior radioulnar joint (Fig. 2.30).
It is separated from the wrist joint by the articular disc
(see Fig. 10.24). Ulnar artery and nerve lie on the anterior
aspect of head of ulna.

The styloid process projects downwards from
posteromedial side of lower end of the ulna. Posteriorly,
between the head and the styloid process, there
is groove for the tendon of the extensor carpi ulnaris
(Fig. 2.27).

Attachments
1 The triceps brachii is inserted into the rough posterior
part of the superior surface of the olecranon
(Fig. 2.26). The anterior part of the surface is covered
by a bursa.

Section 1 Upper Limb
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Superior surface
Medial surface Olecranon process

of olecranon .
Posterior surface

Radial notch

Medial surface of
coronoid process Supinator crest
Oblique line

of posterior surface

Medial surface Vertical line on

posterior surface

Posterior border
gives origin to flexor

v Interosseous
digitorum profundus, membrane

flexor carpl_ulnang on the lateral
extensor carpi ulnaris border

Head of the ulna

Styloid process

/
Fig. 2.32: Posterior aspect of ulna

2 The brachialis is inserted into the anterior surface of
the coronoid process including the tuberosity of the
ulna (Fig. 2.25).

3 The supinator arises from the supinator crest and from
the triangular area in front of the crest (Fig. 2.25).

4 The ulnar head of the flexor digitorum superficialis
arises from a tubercle at the upper end of the medial
margin of the coronoid process (Fig. 2.25).

5 The ulnar head of the pronator teres arises from the
medial margin of the coronoid process (Fig. 2.25).

6 The flexor digitorum profundus (Latin deep) arises from:
a. The upper three-fourths of the anterior and

medial surfaces of the shaft.

b. The medial surfaces of the coronoid and
olecranon processes.

c. The posterior border of the shaft through
an aponeurosis which also gives origin to the
flexor carpi ulnaris and the extensor carpi ulnaris
(Fig. 2.26).

7 The pronator quadratus takes origin from the oblique
ridge on the lower part of the anterior surface
(Fig. 2.25).

8 The flexor carpi ulnaris (ulnar head) arises from the
medial side of the olecranon process and from the
posterior border (Fig. 2.32).

9 The extensor carpi ulnaris arises from the posterior
border (Fig. 2.32).

vu

10 The anconeus is inserted into the lateral aspect of
the olecranon process and the upper one-fourth of
the posterior surface (Fig. 2.26) of the shaft.

11 The lateral part of the posterior surface gives origin
from above downwards to the abductor pollicis
longus, the extensor pollicis longus and the extensor
indicis (Fig. 2.26).

12 The interosseous membrane is attached to the
interosseous border (Fig. 2.32).

13 The obligue cord is attached to the ulnar tuberosity
(Fig. 2.25).

14 The capsular ligament of the elbow joint is attached to
the margins of the trochlear notch, i.e. to the
coronoid and olecranon processes (Fig. 2.25).

15 The annular ligament of the superior radioulnar joint
is attached to the two margins of radial notch of
ulna (Fig. 2.31b).

16 The ulnar collateral ligament of the wrist is attached
to the styloid process (Fig. 2.31a).

17 The articular disc of the inferior radioulnar joint is
attached by its apex to a small rough area just lateral
to the styloid process (Fig. 2.31a).

OSSIFICATION

The shaft and most of the upper end ossify from a
primary centre which appears during the 8th week
of development.

The superior part of the olecranon process ossifies
from a secondary centre which appears during the
10th year. It forms a scale-like epiphysis which joins
the rest of the bone by 16th year.

The lower end ossifies from a secondary centre
which appears during the 5th year, and joins with
the shaft by 18th year. This is the growing end of the
bone (Table 2.1).

CLINICAL ANATOMY

* The ulna is the stabilising bone of the forearm,
with its trochlear notch gripping the lower end of
the humerus. On this foundation, the radius can
pronate and supinate for efficient working of the
upper limb.

* The shaft of the ulna may fracture either alone or
along with that of the radius. Cross-union between
the radius and ulna must be prevented to preserve
pronation and supination of the hand.

* Dislocation of the elbow is produced by a fall on the
outstretched hand with the elbow slightly flexed.
The olecranon shifts posteriorly and the elbow is
fixed in slight flexion.

Normally in an extended elbow, the tip of the
olecranon lies in a horizontal line with the two



epicondyles of the humerus; and in the flexed
elbow (Fig. 2.19) the three bony points form an
equilateral triangle. These relations are disturbed
in dislocation of the elbow.

* Fracture of the olecranon is common and is caused
by a fall on the point of the elbow. Fracture of the
coronoid process is uncommon, and usually
accompanies dislocation of the elbow.

® Madelung’s deformity is dorsal subluxation
(displacement) of the lower end of the ulna, due
to retarded growth of the lower end of the radius
(Fig. 2.33).

Forearm

&

Fingers

Thumb

Fig. 2.33: Madelung's deformity

Ossification of Humerus, Radius and Ulna
Low of Ossification

In long bones possessing epiphyses at both their ends,
the epiphysis of that end which appears first is last to
join with the shaft. As a corollary, epiphysis which
appears last is first to join.

These ends of long bones which unite last with the
shaft are designated as growing end of the bone. In case
of long bones of the upper limb, growing ends are at
shoulder and wrist joints. This implies that, the upper
end of humerus aind lower ends of both radius and ulna
are growing ends; and each will, therefore, unite with
their shaft at a later period than their corresponding
other ends.

The direction of the nutrient foramen in these bones,
as a rule, is opposite to the growing end.

The time of appearance and fusion (either of various
parts at one end, or with the shaft) are given in Table 2.1.

Importance of Capsular
Affachments and Epiphysedi Lines

Metaphysis is the epiphyseal end of the diaphysis. It is
actively growing part of the bone with rich blood
supply. Infections in this part of the bone are most
common in the young age. The epiphyseal line is the

BONES OF UPPER LIMB

line of union of metaphysis with the epiphysis. At the
end of the bone, besides the epiphyseal line is the
attachment of the capsule of the respective joints.

So infection in the joint may affect the metaphysis of
the bone if it is partly or completely inside the joint
capsule. As a corollary, the disease of the metaphysis if
inside a joint may affect the joint. So it is worthwhile to
know the intimate relation of the capsular attachment
and the epiphyseal line at the ends of humeral, radial
and ulnar bones as shown in Table 2.2.

CLINICAL ANATOMY

Relation of capsular attachments and epiphyseal
lines: If epiphyseal line, i.e. site of union of epiphysis
and metaphyseal end of diaphysis, is intracapsular,
the infections of the joints are likely to affect the
metaphysis, the actively growing part of the bone
especially in young age.

CARPAL BONES

The carpus is (Greek Karpos, wrist) made up of 8 carpal
bones, which are arranged in two rows (Fig. 2.34).
1 The proximal row contains (from lateral to medial
side): ,
i. The scaphoid (Greek boat, wrist),
ii. The lunate (Latin moon shaped),
iii. The triquetral (Latin three cornered), and
iv. The pisiform (Greek pea)
2 The distal row contains in the same order:
i. The trapezium (Greek four sided geometric figure),
ii. The trapezoid (Greek baby’s shoe),
iii. The capitate (Latin head), and
iv. The hamate (Latin hook).

Identification

1 The scaphoid is boat-shaped and has a tubercle on its
lateral side.

The lunate is half-moon-shaped or crescentic.

The triquetral is pyramidal in shape and has an
isolated oval facet on the distal part of the palmar
surface.

The pisiform is pea-shaped and has only one oval facet
on the proximal part of its dorsal surface.

5 The trapezium is quadrangular in shape, and has a
crest and a groove anteriorly. It has a sellar (conca-
voconvex) articular surface distally.

The trapezoid resembles the shoe of a baby.

The capitate is the largest carpal bone, with a rounded
head.

8 The hamate is wedge-shaped with a hook near its base.
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Table 2.2: Relation of capsular attachment and epiphyseal lines

Capsular attachment (CA)

Laterally to the anatomical neck,
medially 2 cm below the shaft

Humerus upper end

Humerus lower end Follows the margins of radial
and coronoid fossae and the
olecranon fossa

Both epicondyles are extracapsular

Radius upper end Attached to the neck of the radius

Radius lower end Close to the articular margin all

around

Ulna upper end Near the articular surface of ulna

Ulna lower end Around the head of ulna

Epiphyseal line (EL)
At the lowest part of articular
surface of the head

A horizontal line at the level of
lateral epicondyle. Medial
epicondyle owns a separate
epiphyseal line

The head forms the epiphysis

Horizontal line at the level of
the upper part of ulnar notch
Scale-like epiphysis on the
upper surface of olecranon

Metaphysis
Metaphysis is partly
intracapsular
Metaphysis is partly
intracapsular

Metaphysis is
intracapsular
Metaphysis is completely
extracapsular

Metaphysis and part of
diaphysis is related to

Horizontal line at the level of
articulating surface of radius

capsular line.

The epiphysis is
extracapsular
Metaphysis is partly
intracapsular

Side Determination
General Points

1

2
3

The proximal row is convex proximally, and concave
distally.

The distal row is convex proximally and flat distally.
Each bone has 6 surfaces.
i. The palmar and dorsal surfaces are nonarticular,

except for the triquetral and pisiform.

ii. The lateral surfaces of the two lateral bones
(scaphoid and trapezium) are nonarticular.

ili. The medial surfaces of the three medial bones
(triquetral, pisiform and hamate) are nonarticular.

The dorsal nonarticular surface is always larger than

the palmar nonarticular surface, except for the lunate,

in which the palmar surface is larger than the dorsal.

The general points help in identifying the proximal,

distal, palmar and dorsal surfaces in most of the bones.
The side can be finally determined with the help of the
specific points.

Specific Points

1

The scaphoid: The tubercle is directed laterally,
forward and downwards.

The lunate
i. A small semilunar articular surface for the
scaphoid is on the lateral side.
ii. A quadrilateral articular surface for the triquetral
is on the medial side.

The triquetral

i. The oval facet for the pisiform lies on the distal
part of the palmar surface.

ii. The medial and dorsal surfaces are continuous
and nonarticular.

The pisiform

i. The oval facet for the triquetral lies on the
proximal part of the dorsal surface.
ii. The lateral surface is grooved by the ulnar nerve.

The trapezium

i. The palmar surface has a vertical groove for the
tendon of the flexor carpi radialis.

ii. The groove is limited laterally by the crest of the
trapezium.

iii. The distal surface bears a sellar concavo-convex
articular surface for the base of the first
metacarpal bone.

The trapezoid

i. The distal articular surface is bigger than the
proximal.
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ii. The palmar nonarticular surface is prolonged
laterally.

7 The capitate: The dorsomedial angle is the distal-most
projection from the body of the capitate. It bears a
small facet for the 4th metacarpal bone.

8 The hamate: The hook projects from the distal part of
the palmar surface, and is directed laterally.

Attachments
There are four bony pillars at the four corners of the
carpus. All attachments are to these four pillars
(Fig. 2.34).
1 The tubercle of the scaphoid:
i. The flexor retinaculum,
ii. A few fibres of the abductor pollicis brevis.
2 The pisiform gives:
i. Flexor carpi ulnaris,
ii. Flexor retinaculum and its superficial slip,
iii. Abductor digiti minimi,
iv. Extensor retinaculum.
3 The trapezium:

i. The crest gives origin to the abductor pollicis brevis,
flexor pollicis brevis, and opponens pollicis. These
constitute muscles of thenar eminence.

ii. The edges of the groove give attachment to the
two layers of the flexor retinaculum.
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iii. The lateral surface gives attachment to the lateral

ligament of the wrist joint.

iv. The groove lodges the tendon of the flexor carpi

radialis.

The hamate:
i. The tip of the hook gives attachment to the flexor
retinaculum.
ii. The medial side of the hook gives attachment to
the flexor digiti minimi and the opponens digiti
minimi.

Arficulations

1

2

Lunate ; i

The scaphoid: Radius, lunate, trapezium, trapezoid
capitate (Fig. 2.34).

The lunate: Radius, scaphoid, capitate, hamate and
triquetral.

The triquetral: Pisiform, lunate, hamate and articular
disc of the inferior radioulnar joint.

The pisiform articulates only with the triquetral.
The trapezium: Scaphoid, 1st and 2nd metacarpals
and trapezoid.

The trapezoid: Scaphoid, trapezium, 2nd metacarpal
and capitate.

The capitate: Scaphoid, lunate, hamate, 2nd, 3rd and
4th metacarpals and trapezoid.

The hamate: Lunate, triquetral, capitate, and 4th and
5th metacarpals.

Capitate

Sesamoid bones

Trapezoid

Trapezium and its crest

Styloid process of radius

Scaphoid

Fig. 2.34: Skeleton of the right hand
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Appearance—3rd year
Fusion—18th year

Trapezoid
Capitate

Appearance—2nd year
Fusion—18th year

Scaphoid

Lunate

Appearance—1st year

Fusion—19th year

Appearance—6th year -
Fusion—18th year ]

Appearance in years
(a) (b)
Figs 2.35a and b: (a) Ossification of carpal bones, and (b) ossification of metacarpals and phalanges

OSSIFICATION

The year of appearance of centre of ossification in
the carpal bones is shown in Figs 2.35a and b.

CLINICAL ANATOMY

¢ Fracture of the scaphoid is quite common. The bone
fractures through the waist at right angles to its
long axis. The fracture is caused by a fall on the
outstretched hand, or on the tips of the fingers.
This causes tenderness and swelling in the
anatomical snuff box, and pain on longitudinal
percussion of the thumb and index finger. The
residual disability is more marked in the
midcarpal joint than in the wrist joint. The
importance of the fracture lies in its liability to
nonunion, and avascular necrosis of the body of
the bone. Normally, the scaphoid has two nutrient fAS2 SiA
arteries, one entering the palmar surface of the Distal
tubercle and the other the dorsal surface of the segment
body. Occasionally (13% of cases) both vessels
enter through the tubercle or through the distal

Two types of arterial supply

Nutrient arteries

Scaphoid

Fracture without necrosis

<

Proximal
segment

Necrosis of proximal
segment

Fig. 2.36: Fracture of the scaphoid

Nutrient arteries
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half of the bone. In such cases, fracture may
deprive the proximal half of the bone of its blood
supply leading to avascular necrosis (Fig. 2.36).

¢ Dislocation of the lunate may be produced by a base at the proximal end

2 Each bone has a head placed distally, a shaft and a

fall on the acutely dorsiflexed hand with the elbow
joint flexed. This displaces the lunate anteriorly,
also leading to carpal tunnel syndrome like features
(Figs 2.37a to ).

During scaphoid fracture, pain is felt in the
anatomical snuff box.

i. The head is round. It has an articular surface
which extends more anteroposteriorly than
laterally. It extends more on the palmar surface
than on the dorsal surface. The heads of the
metacarpal bones form the knuckles.

ii. The shaft is concave on the palmar surface. Its

dorsal surface bears a flat triangular area in its

METACARPAL BONES distal part.
iii. The base is irregularly expanded.
1 The metacarpal bones are 5 miniature long bones,
which are numbered from lateral to the medial side

(Fig. 2.34). Table 2.3.

3 A metacarpal bone can be distinguished from a
metatarsal bone because of the differences given in



Flexor retinaculum

Median nerve

Carpal tunnel

Triquetral

Scaphoid

Pisiform

Compressed
median nerve

Figs 2.37a to c¢: (a) Normal position of nerves, (b) dislocation
of lunate leading to carpal tunnel syndrome, and (c) Ape-like

deformity of the hand

Table 2.3: Differences between metacarpals and meta-
tarsals

etacarpal Metatarsal
1. The head and shaft are 1. The head and shaft are
prismoid flattened from side to
side
2. The shatft is of uniform 2. The shaft tapers distally
thickness
3. The dorsal surface of 3. The dorsal surface of

the shaft has an elongated, the shaft is uniformly
flat triangular area convex

4. The base is irregular 4. The base appears to be
cut sharply and obliquely

Characteristics of Individual Metacarpal Bones

1st a. Itis the shortest and stoutest of all metacarpal

bones (Fig. 2.38a).

b. The base is occupied by a convexo-concave
articular surface for the trapezium.

c. The dorsal surface of the shaft is uniformly
convex (Fig. 2.38b).

d. The head is less convex and broader from side
to side than the heads of other metacarpals. The
ulnar and radial corners of the palmar surface
show impressions for sesamoid bones.

e. The first metacarpal bone is rotated medially
through 90° relative to the other metacarpals.
As a result of this rotation, the movements of
the thumb take place at right angles to those of
other digits.
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f. It does not articulate with any other metacarpal
bone.

2nd The base is grooved from before backwards. The
medial edge of the groove is larger.

3rd The base has a styloid process projecting up from
the dorsolateral corner.

4th The base has two small oval facets on its lateral side
for the third metacarpal, and on its medial side it
has a single elongated facet for the 5th metacarpal.

5th The base has an elongated articular strip on its
lateral side for the 4th metacarpal. The medial side
of the base is nonarticular and bears a tubercle.

Side Determination

The proximal, distal, palmar and dorsal aspects of each
metacarpal bone can be made out from what has been
stated above. The lateral and medial sides can be
confirmed by the following criteria.

Meiacarpal

1st The anterolateral surface is larger than the
anteromedial (Fig. 2.38b).
2nd a. The medial edge of the groove on the base is
deeper than the lateral edge.
b. The medial side of the base bears an articular
strip which is constricted in the middle.
3rd a. The styloid process is dorsolateral.
b. The lateral side of the base bears an articular
strip which is constricted in the middle.
¢. The medial side of the base has two small oval
facets for the 4th metacarpal.
The lateral side of the base has two small oval
facets for the 3rd metacarpal.
b. The medial side of the base has an elongated
articular strip for the 5th metacarpal.
5th a. The lateral side of the base has an elongated
articular strip for the 4th metacarpal.
b. The medial side of the base is nonarticular and
has a tubercle.

4th a.

Main Attachments

The main attachments from shaft of metacarpals is of
palmar and dorsal interossei muscles. Palmar interossei
arise from one bone each except the 3rd metacarpal
(Fig. 2.38a). Dorsal interossei arise from adjacent sides
of two metacarpals (Fig. 2.38b). The other attachments
are listed below.

Metacarpal

1st a. The opponens pollicis is inserted on the radial
border and the anterolateral surface of the shaft
(Fig. 2.38a).
b. The abductor pollicis longus is inserted on the
lateral side of the base (Fig. 2.38a).
c. The first palmar interosseous muscle arises from
the ulnar side of the base (Fig. 2.38a).

Section 1 Upper Limb
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2nd a.

3rd a.

UPPER LIMB

Flexor pollicis brevis (FPB)

Abductor pollicis brevis (APB)
Opponens pollicis (origin)
Abductor pollicis longus

1st palmar interosseous (origin)
Opponens pollicis (insertion)

APB + FPB

1st palmar interosseous (insertion)

Adductor pollicis (insertion)
Flexor pollicis longus

Flexor digiti minimi (FDM)
Flexor carpi ulnaris
Abductor digiti minimi (ADM)
Extensor carpi ulnaris
Opponens digiti minimi

4th palmar interosseous
Adductor pollicis (origin)
ADM+FDM

3rd palmar interosseous

Flexor carpi radialis

2nd palmar
interosseous [ A

Slips of flexor digitorum superficialis

Tendon of flexor digitorum profundus

Extensor carpi radialis longus

Extensor carpi radialis brevis

Extensor pollicis brevis

Dorsal interossei

Extensor pollicis longus

(b)

Figs 2.38a and b: Attachments on the skeleton of hand: (a) Anterior aspect, and (b) posterior aspect

The flexor carpi radialis is inserted on a tubercle
on the palmar surface of the base (Fig. 2.38a).
The extensor carpi radialis longus is inserted on
the dorsal surface of the base (Fig. 2.38b).

The oblique head of the adductor pollicis arises from
the palmar surface of the base.

A slip from the flexor carpi radialis is inserted on
the palmar surface of the base.

Slips of insertion of dorsal
digital expansion

b. The extensor carpi radialis brevis is inserted on
the dorsal surface of the base, immediately
beyond the styloid process (Fig. 2.38b).

c. The oblique head of the adductor pollicis arises from
the palmar surface of the base (Fig. 2.38a).

d. The transverse head of the adductor pollicis arises
from the distal two-thirds of the palmar surface
of the shaft (Fig. 2.38a)



4th Only the interossei arise from it (Figs 2.38a and b).
5th a. The extensor carpi ulnaris is inserted on the
tubercle at the base (Fig. 2.38a).
b. The opponens digiti minimi is inserted on the
medial surface of the shaft (Figs 2.38a and b).

Articulations at the Bases

Ist : With the trapezium forms saddle shaped joint.

2nd : With the trapezium, the trapezoid, the capitate
and the 3rd metacarpal.

3rd : With the capitate and the 2nd and 4th
metacarpals.

4th : With the capitate, the hamate and the 3rd and
5th metacarpals.

5th : With the hamate and the 4th metacarpal.

OSSIFICATION

The shafts ossify from one primary centre each,
which appears during the 9th week of development.
A secondary centre for the head appears in the
2nd-5th metacarpals, and for the base in the
1st metacarpal. It appears during the 2nd-3rd year
and fuses with the shaft at about 16-18 years
(Fig. 2.35b).

CLINICAL ANATOMY

* FPracture of the base of the first metacarpal is called
Bennett's fracture. It involves the anterior part of
the base, and is caused by a force along its long
axis. The thumb is forced into a semiflexed
position and cannot be opposed. The fist cannot
be clenched (Fig. 2.39).

¢ The other metacarpals may also be fractured by
direct or indirect violence. Direct violence usually
displaces the fractured segment forwards. Indirect
violence displaces them backwards (Fig. 2.40).

* Tubercular or syphilitic disease of the metacarpals
or phalanges in a child is located in the middle of
the diaphysis rather than in the metaphysis
because the nutrient artery breaks up into a plexus
immediately upon reaching the medullary cavity.
In adults, however, the chances of infection
are minimised because the nutrient artery is
replaced (as the major source of supply) by
periosteal vessels.

* When the thumb possesses three phalanges, the
first metacarpal has two epiphyses one at each
end. Occasionally, the first metacarpal bifurcates
distally. Then the medial branch has no distal
epiphysis, and has only two phalanges. The lateral
branch has a distal epiphysis and three phalanges
(Fig. 2.41). Total digits are six in such case.

BONES OF UPPER LIMB

Fracture

Fig. 2.40: Fracture through the neck of metacarpal (usually
angulated)

Fig. 2.41: Child with six digits

Section 1 Upper Limb



5 Less frequently, there is a sesamoid bone on the
lateral side of the metacarpophalangeal joint of the

index finger.

6 Sometimes sesamoid bone may be found at other

metacarpophalangeal joints.

Mnemonics
Carpal bones 8.

“She Looks Too Pretty Try To Catch Her”
Lateral to medial, proximal row

— Scaphoid

— Lunate

— Triquetral

— Pisiform

Distal row

— Trapezium

Trapezoid

Capitate

Hamate

Elbow

Which side has common flexor origin
FM (as in FM Radio)

Flexor medial, so common flexor origin is on the medial
side.

f

]

Bicipital groove of humerus “Lady between 2 majors”
Lateral lip—pectoralis major

Medial lip—teres major

Floor—latissimus dorsi

 FACTSTO REMEMBER
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* Axillary radial and ulnar nerves are intimately
related to humerus and are liable to be injured.

* Radial pulse is felt close to the lower end of shaft
of radius

* Pisiform bone is a sesamoid bone in the tendon of
flexor carpi ulnaris muscle

e First metacarpal is the shortest, and strongest of
metacarpals. It is situated at an angle to the other
bones, this permitting opposition of the thumb.

¢ Third metacarpal is the longest and the axis of
abduction and adduction passes through its centre.

CLINICOANATOMICAL PROBLEM

A 50-year-old man fell off his bicycle. He heard a
cracking noise and felt severe pain in his right
shoulder region. He noted that the lateral part of the
shoulder drooped and medial end of clavicle was
elevated.

e Which is the common site of fracture of clavicle

and why?
* Why did his shoulder droop down?

Ans: The clavicle gets fractured at the junction of
medial two-thirds and lateral one-third. This is the
weak point as it lies at the junction of two opposing
curvatures.

The shoulder drooped down, because of the
weight of the unsupported shoulder.

MULTIPLE CHOICE QUESTIONS

1. Which of the following bones is the first one to start

ossification?
a. Ulna b. Scapula
¢. Clavicle d. Humerus

2. Fracture of humerus at midshaft is likely to cause
injury to which of the following nerves?

a. Median nerve b. Radial nerve

c. Ulnar nerve d. Musculocutaneous nerve

3. Attachments of biceps brachii are to all of the
following except:

a. Tip of coracoid process
b. Supraglenoid tubercle
c. Shaft of humerus

d. Radial tuberosity

4. All the following muscles are flexors of the wrist except:

a. Flexor carpi radialis

b. Flexor digitorum superficialis
¢. Pronator teres

d. Flexor carpi ulnaris

5. The axis of abduction/adduction of digits passes

through:

a. Centre of 2nd digit
b. Centre of 3rd digit
c. Centre of 4th digit
d. Centre of 5th digit

6. All are heads of triceps brachii except:

b. Short head
d. Medial head

a. Long head
c. Lateral head

ANSWERS

Section 1 Upper Limb



Pectoral Region

Mhe ever fﬁr:ac(/ﬁ/ of lhe reord " fﬁz»e«»«yw«-}n o (f-"rwafy lime T hear il, T lhind
p_¢by.u¢ﬁoaﬂﬂ lo ﬁﬂf my breast isv cn-en n‘-ﬂ(f%{? asicl senid il Lo someone

INTRODUCTION

The pectoral region lies on the front of the chest. It
essentially consists of structures which connect the
upper limb to the anterolateral chest wall. Mammary
gland lies in this region.

SURFACE LANDMARKS

The following features of the pectoral region can be seen
or felt on tHe surface of body.

1 The clavicle lies horizontally at the root of the neck,
separating it from the front of the chest. The bone is
subcutaneous, and therefore, palpable, throughout
its length. Medially, it articulates with the sternum
at the sternoclavicular joint, and laterally with the
acromion at the acromioclavicular joint. Both the joints
are palpable because of the upward projecting ends
of the clavicle (Fig. 3.1). The sternoclavicular joint
may be masked by the sternocleidomastoid muscle.

2 The jugular notch (interclavicular or suprasternal
notch) lies between the medial ends of the clavicles,
at the superior border of the manubrium sterni.

3 The sternal angle (angle of Louis) is felt as a
transverse ridge about 5 cm below the jugular notch
(Fig. 3.1). It marks the manubriosternal joint.
Laterally, on either side, the second costal cartilage
joins the sternum at this level. The sternal angle thus
serves as a landmark for identification of the second
rib. Other ribs can be identified by counting
downwards from the second rib.

4 The epigastric fossa (pit of the stomach) is the
depression in the infrasternal angle. The fossa
overlies the xiphoid process, and is bounded on each
side by the seventh costal cartilage.

5 The nipple is markedly variable in position in
females. In males, and in immature females, it
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Coracoid process

Acromioclavicular joint
Acromion

Greater tubercle

Lesser tubercte

Sternoclavicular joint
and sternal angle

Anterior axillary fold

Nipple

Lateral epicondyle

Medial epicondyle

Tendon of biceps
brachii

Fig. 3.1: Surface landmarks: Shoulder, axilla, arm and elbow
regions (anterior aspect)

usually lies in the fourth intercostal space just
medial to the midclavicular line; or 10 cm from the
midsternal line. In fact, the position of the nipple is
variable even in males.

6 The midclavicular line passes vertically through the
middle of clavicle the tip of the ninth costal
cartilage and the midinguinal point.

7 The infraclavicular fossa (deltopectoral triangle) is a
triangular depression below the junction of the
lateral and middle thirds of the clavicle. It is
bounded medially by the pectoralis major, laterally



by the anterior fibres of the deltoid, and superiorly
by the clavicle.

8 The tip of the coracoid process of the scapula lies
2-3 cm below the clavicle, overlapped by the
anterior fibres of the deltoid. It can be felt on deep
palpation just lateral to the infraclavicular fossa.

9 The acromion of the scapula (acron = summit; omos =
shoulder) is a flattened piece of bone that lies
subcutaneously forming the top of the shoulder. The
posterior end of its lateral border is called the
acromial angle, where it is continuous with the lower
lip of the crest of the spine of the scapula. The
anterior end of its medial border articulates with
the clavicle at the acromioclavicular joint.

10 The deltoid is triangular muscle with its apex directed
downwards. It forms the rounded contour of the
shoulder, extending vertically from the acromion
to the deltoid tuberosity of the humerus.

11 The axilla (Latin armpit) is a pyramidal space

between the arm and chest. When the arm is raised
(abducted), the floor of the axilla rises, the anterior
and posterior folds stand out, and the space becomes
more prominent. The anterior axillary fold contains
the lower border of the pectoralis major, and posterior
axillary fold contains the tendon of the latissimus dorsi
winding round the fleshy teres major.
The medial wall of the axilla is formed by the upper 4
ribs covered by the serratus anterior. The narrow
lateral wall presents the upper part of the humerus
covered by the short head of the biceps, and the
coracobrachialis. Axillary arterial pulsations can be
felt by pressing the artery against the humerus. The
cords of the brachial plexus can also be rolled against
the humerus. The head of the humerus can be felt
by pressing the fingers upwards into the axilla.

12 The midaxillary line is a vertical line drawn midway
between the anterior and posterior axillary folds.

SUPERFICIAL FASCIA

The superficial fascia (Latin a bond) of the pectoral
region is visualised after the skin has been incised. It
contains moderate amount of fat, and is continuous
with that of surrounding regions. The mammary gland,
which is well developed in females, is the most
important of all contents of this fascia. The fibrous septa
given off by the fascia support the lobes of the gland,
and the skin covering the gland.

Contents

In addition to fat, the superficial fascia of the pectoral
region contains the following.
i. Cutaneous nerves derived from the cervical plexus
and from the intercostal nerves.

PECTORAL REGION

ii. Cutaneous branches from the internal thoracic and
posterior intercostal arteries.

iii. The platysma (Greek broad)

iv. The breast.

DISSECTION

Mark the following points.

i. Centre of the suprasternal notch,
ii. Xiphoid process,

iii. 7 o’clock position at the margin of areola,

iv. Lateral end of clavicle (Fig. 3.2).

Give an incision vertically down from the first point
to the second which joins the centre of the suprasternal
notch to the xiphoid process in the midsagittal plane.
From the lower end of this line, extend the incision
upward and laterally till you reach to the third point on
the areolar margin.

Encircle the areola and carry the incision upwards
and laterally till the anterior axillary fold is reached.

Continue the line of incision downwards along the
medial border of the upper arm till its junction of upper
one-third and lower two-thirds. Extend this incision
transversely across the arm.

Make another incision horizontally from the xiphoid
process across the chest wall till the posterior axillary
fold.

Lastly give horizontal incision from the centre of
suprasternal notch to the lateral (acromial) end of the
clavicle.

Reflect the two flaps of skin towards the upper limb.

Fig. 3.2: Points and lines of incision

Section 1 Upper Limb
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UPPER LIMB

Cutaneous Nerves of the Pectoral Region

The cutaneous nerves of the pectoral (Latin pectus,

chest) region are as follows (Figs 3.3 and 3.4).

1 The medial, intermediate and lateral supraclavicular
nerves are branches of the cervical plexus (C3, C4).
They supply the skin over the upper half of the
deltoid and from the clavicle down to the second rib.

2 The anterior and lateral cutaneous branches of the
second to sixth intercostal nerves supply the skin
below the level of the second rib. The inter-

Supraclavicular
nerves (C3, C4)

Sternal
angle
Intercosto- %
bracl:\llal Anterior
nerve % cutaneous
% nerves
% (T2-T8)
Lateral
cutaneous Xiphoid
nerves process
(T3-T6)

Ventral rami
of C3, C4

Sternal angle

Ventral rami of
thoracic 2-6 nerves

Ventral rami of
thoracic 3—6 nerves

Fig. 3.4: Areas supplied by cutaneous nerves of the pectoral
region

costobrachial nerve of T2 supplies the skin of the

floor of the axilla and the upper half of the medial

side of the arm (Fig. 3.3).

It is of interest to note that the area supplied by spinal
nerves C3 and C4 directly meets the area supplied by
spinal nerves T2 and T3. This is because of the fact that
the intervening nerves (C5, C6, C7, C8 and T1) have
been ‘pulled away’ to supply the upper limb. It may
also be noted that normally the areas supplied by
adjoining spinal nerves overlap, but because of what has
been said above there is hardly any overlap between
the areas supplied by C3 and C4 above and T2 and T3
below (Fig. 3.4).

Cutaneous Vessels

The cutaneous vessels are very small. The anterior
cutaneous nerves are accompanied by the perforating
branches of the internal thoracic artery. The second, third
and fourth of these branches are large in females for
supplying the breast. The lateral cutaneous nerves are
accompanied by the lateral cutaneous branches of the
posterior intercostal arteries.

Platysma

The platysma (Greek broad) is a thin, broad sheet of
subcutaneous muscle. The fibres of the muscle arise
from the deep fascia covering the pectoralis major; run
upwards and medially, crossing the clavicle and the
side of the neck; and are inserted into the base of the
mandible, and into skin over the posterior and lower
part of the face. The platysma is supplied by a branch
of the facial nerve. When the angle of the mouth is pulled
down, the muscle contracts and wrinkles the skin of
the neck. The platysma may protect the external jugular
vein (which underlies the muscle) from external
pressure.

BREAST/MAMMARY GLAND

The breast, or mammary gland (Latin breast) is the most
important structure present in the pectoral region. Its
anatomy is of great practical importance and has to be
studied in detail.

The breast is found in both sexes, but is rudimentary
in the male. It is well developed in the female after
puberty. The breast is a modified sweat gland. 1t forms
an important accessory organ of the female reproduc-
tive system, and provides nutrition to the newborn in
the form of milk.

Situation

The breast lies in the superficial fascia of the pectoral
region. It is divided into four quadrants, i.e. upper
medial, upper lateral, lower medial and lower lateral.



A small extension of the upper lateral quadrant called
the axillary tail of Spence, passes through an opening in
the deep fascia and lies in the axilla (Fig. 3.5). The
opening is called foramen of Langer.

Extent
i. Vertically, it extends from the second to the sixth
rib.
ii. Horizontally, it extends from the lateral border of
the sternum to the midaxillary line.

Axillary
tail

Posterior fold
of axilla

Anterior fold
of axilla

LL = Lower lateral
LM = Lower medial

UL = Upperlateral
UM = Upper medial

Fig. 3.5: Extent of the breast

Pectoralis major

Sternum

Areola with nipple

External oblique
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Deep Relations

The deep surface of the breast is related to the following

structures in that order (Fig. 3.6).

1 The breast lies on the deep fascia (pectoral fascia)
covering the pectoralis major.

2 Still deeper there are the parts of three muscles,
namely the pectoralis major, the serratus anterior, and
the external oblique muscle of the abdomen.

3 The breast is separated from the pectoral fascia by
loose areolar tissue, called the retro-mammary space.
Because of the presence of this loose tissue, the
normal breast can be moved freely over the pectoralis
major.

Structure of the Breast

The structure of the breast may be conveniently studied
by dividing it into the skin, the parenchyma, and the
stroma.

Skin

It covers the gland and presents the following features.

1 A conical projection, called the nipple, is present just
below the centre of the breast at the level of the fourth
intercostal space 10 cm from the midline. The nipple
is pierced by 15 to 20 lactiferous ducts. It contains
circular and longitudinal smooth muscle fibres which
can make the nipple stiff or flatten it, respectively. It
has a few modified sweat and sebaceous glands. It
is rich in nerve supply and has many sensory end
organs at the termination of nerve fibres.

2 The skin surrounding the base of the nipple is
pigmented and forms a circular area called the areola.

Deltoid

Cephalic vein

Axillary tail of Spence

Fat

Serratus anterior

LL = Lowerlateral
LM = Lowermedial

UL = Upper lateral
UM = Upper medial

Fig. 3.6: Axillary tail and the four quadrants of breast and the muscles situated deep to the breast
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This region is rich in modified sebaceous glands,
particularly at its outer margin. These become
enlarged during pregnancy and lactation to form
raised tubercles of Montgomery. Oily secretions of these
glands lubricate the nipple and areola, and prevent
them from cracking during lactation. Apart from
sebaceous glands, the areola also contains some
sweat glands, and accessory mammary glands. The
skin of the areola and nipple is devoid of hair, and
there is no fat subjacent to it. Below the areola lie
lactiferous sinus where stored milk is seen.

Porenchyma

It is a compound tubulo-alveolar gland which secretes
milk. The gland consists of 15 to 20 lobes. Each lobe is a
cluster of alveoli, and is drained by a lactiferous duct.
The lactiferous ducts converge towards the nipple and
open on it. Near its termination each duct has a
dilatation called a lactiferous sinus (Figs 3.7a and b).

Alveolar epithelium is cuboidal in the resting phase,
and columnar during lactation. In distended alveoli,
the cells may appear cuboidal due to stretching, but
they are much larger than those in the resting phase.
The smaller ducts are lined by columnar epithelium, the
larger ducts by two or more layers of cells, and the
terminal parts of the lactiferous ducts by stratified
squamous keratinised epithelium. The passage of the
milk from the alveoli into and along the ducts is
facilitated by contraction of myoepitheliocytes, which are
found both around the alveoli and around the ducts,
lying between the epithelium and the basement
membrane.

Stromno

It forms the supporting framework of the gland. It is
partly fibrous and partly fatty.

Alveoli/acini

The fibrous stroma forms septa, known as the
suspensory ligaments of Cooper, which anchor the skin
and gland to the pectoral fascia (Fig. 3.7).

The fatty stroma forms the main bulk of the gland. It
is distributed all over the breast, except beneath the
areola and nipple.

Blood Supply

The mammary gland is extremely vascular. It is

supplied by branches of the following arteries (Fig. 3.8).

1 Internal thoracic artery, a branch of the subclavian
artery, through its perforating branches.

2 The lateral thoracic, superior thoracic and
acromiothoracic (thoracoacromial) branches of the
axillary artery.

3 Lateral branches of the posterior intercostal arteries.

The arteries converge on the breast and are distri-
buted from the anterior surface. The posterior surface
is relatively avascular.

The veins follow the arteries. They first converge
towards the base of the nipple where they form an
anastomotic venous circle, from where veins run in
superficial and deep sets.

1 The superficial veins drain into the internal thoracic
vein and into the superficial veins of the lower part
of the neck.

2 The deep veins drain into the axillary and posterior
intercostal veins.

Nerve Supply

The breast is supplied by the anterior and lateral
cutaneous branches of the 4th to 6th intercostal nerves.
The nerves convey sensory fibres to the skin, and
autonomic fibres to smooth muscle and to blood vessels.
The nerves do not control the secretion of milk.

Pectoral fascia

Suspensory
Lactiferous ligament
(15-20) sinus Retro-mammary | Alveoli/acini
space

Lactiferous
sinus

- Fatty stroma

E Nipple

el

o Lactiferous ducts
=i

: fif duct

v; Lobes (15-20) U Lactiferous duc

2 (@) (b)

[&]

) Figs 3.7a and b: (a) Suspensory ligaments of the breast and its lobes, and (b) structure of one lobe of the mammary gland
w‘lli:: M ',' ‘I|HHH:: I';'. i. m _




Section 1 Upper Limb

UPPER LIMB

This region is rich in modified sebaceous glands,
particularly at its outer margin. These become
enlarged during pregnancy and lactation to form
raised tubercles of Montgomery. Oily secretions of these
glands lubricate the nipple and areola, and prevent
them from cracking during lactation. Apart from
sebaceous glands, the areola also contains some
sweat glands, and accessory mammary glands. The
skin of the areola and nipple is devoid of hair, and
there is no fat subjacent to it. Below the areola lie
lactiferous sinus where stored milk is seen.

Parenchyma

It is a compound tubulo-alveolar gland which secretes
milk. The gland consists of 15 to 20 lobes. Each lobe is a
cluster of alveoli, and is drained by a lactiferous duct.
The lactiferous ducts converge towards the nipple and
open on it. Near its termination each duct has a
dilatation called a lactiferous sinus (Figs 3.7a and b).

Alveolar epithelium is cuboidal in the resting phase,
and columnar during lactation. In distended alveoli,
the cells may appear cuboidal due to stretching, but
they are much larger than those in the resting phase.
The smaller ducts are lined by columnar epithelium, the
larger ducts by two or more layers of cells, and the
terminal parts of the lactiferous ducts by stratified
squamous keratinised epithelium. The passage of the
milk from the alveoli into and along the ducts is
facilitated by contraction of myoepitheliocytes, which are
found both around the alveoli and around the ducts,
lying between the epithelium and the basement
membrane.

Stroma

It forms the supporting framework of the gland. It is
partly fibrous and partly fatty.

Alveoli/acini

Lactiferous
(15-20) sinus

The fibrous stroma forms septa, known as the
suspensory ligaments of Cooper, which anchor the skin
and gland to the pectoral fascia (Fig. 3.7).

The fatty stroma forms the main bulk of the gland. It
is distributed all over the breast, except beneath the
areola and nipple.

Blood Supply

The mammary gland is extremely vascular. It is

supplied by branches of the following arteries (Fig. 3.8).

1 Internal thoracic artery, a branch of the subclavian
artery, through its perforating branches.

2 The lateral thoracic, superior thoracic and
acromiothoracic (thoracoacromial) branches of the
axillary artery.

3 Lateral branches of the posterior intercostal arteries.

The arteries converge on the breast and are distri-
buted from the anterior surface. The posterior surface
is relatively avascular.

The veins follow the arteries. They first converge
towards the base of the nipple where they form an
anastomotic venous circle, from where veins run in
superficial and deep sets.

1 The superficial veins drain into the internal thoracic
vein and into the superficial veins of the lower part
of the neck.

2 The deep veins drain into the axillary and posterior
intercostal veins.

Nerve Supply

The breast is supplied by the anterior and lateral
cutaneous branches of the 4th to 6th intercostal nerves.
The nerves convey sensory fibres to the skin, and
autonomic fibres to smooth muscle and to blood vessels.
The nerves do not control the secretion of milk.

Pectoral fascia

Suspensory
ligament

Retro-mammary |  ajveoli/acini
space
Fatty stroma Lactiferous
sinus

Lactiferous duct

(b)

Figs 3.7a and b: (a) Suspensory ligaments of the breast and its lobes, and (b) structure of one lobe of the mammary gland
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Fig. 3.8: Arterial supply of the breast

Secretion is controlled by the hormone prolactin,
secreted by the pars anterior of the hypophysis cerebri.

Lymphatic Drainage

Lymphatic drainage of the breast assumes great
importance to the surgeon because carcinoma of the
breast spreads mostly along lymphatics to the regional

lymph nodes. The subject can be described under two
heads, the lymph nodes, and the lymphatics.

Lymph Nodes

Groups of lymph nodes are shown in Fig. 3.9.
Lymph from the breast drains into the following
lymph nodes (Fig. 3.9).
1 The axillary lymph nodes, chiefly the anterior (or
pectoral) group. The posterior, lateral, central and

/
S \ /
A

Supraclavicular

Apical
Anterior axillary
Central axillary

Lateral axillary

Posterior axillary

Radial incision

Internal mammary

Fig. 3.9: Lymph nodes draining the breast. Radial incision is
shown to drain breast abscess
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apical groups of nodes also receive lymph from
the breast either directly or indirectly.

2 The internal mammary (parasternal) nodes which
lie along the internal thoracic vessels (Fig. 3.10)

3 Some lymph from the breast also reaches the
supraclavicular nodes, the cephalic (deltopectoral)
node, the posterior intercostal nodes (lying in front
of the heads of the ribs), the subdiaphragmatic and
subperitoneal lymph plexuses.

Lymphatic Vessels

1 The superficial lymphatics drain the skin over the
breast except for the nipple and areola. The
lymphatics pass radially to the surrounding lymph
nodes (axillary, internal mammary, supraclavicular
and cephalic).

2 Thedeep lymphatics drain the parenchyma of the breast.
They also drain the nipple and areola (Fig. 3.11).

Some further points of interest about the lymphatic

drainage are as follows.

1 About 75% of the lymph from the breast drains into
the axillary nodes; 20% into the internal mammary
nodes; and 5% into the posterior intercostal nodes.
Among the axillary nodes, the lymphatics end mostly
in the anterior group (closely related to the axillary
tail) and partly in the posterior and apical groups.
Lymph from the anterior and posterior groups passes
to the central and lateral groups, and through them
to the apical group. Finally it reaches the supra-
clavicular nodes.

2 The internal mammary nodes drain the lymph not
only from the inner half of the breast, but from the
outer half as well.

Intercostal node

Lateral branch of
intercostal artery

Posterior
intercostal
artery

Anterior thoracic
lymph node

Internal Mammary
thoracic gland
vessels

Anterior branch of
internal thoracic artery

Fig- 3.10: The routes of lymph from the breast. The arrows show

the direction of lymph flow
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3 A plexus of lymph vessels is present deep to the
areola. This is the subareolar plexus of Sappey
(Fig. 3.11). Subareolar plexus and most of lymph
from the breast drains into the anterior or pectoral
group of lymph nodes.

4 The lymphatics from the deep surface of the breast
pass through the pectoralis major muscle and the
clavipectoral fascia to reach the apical nodes, and
also to the internal mammary nodes (Fig. 3.12).

5 Lymphatics from the lower and inner quadrants of
the breast may communicate with the subdiaphrag-
matic and subperitoneal lymph plexuses after
crossing the costal margin and then piercing the

Anterior axillary lymph nodes

Foramen
of Langer

Subareolar plexus
of Sappey

Fig. 3.11: Subareolar lymph plexus of Sappey

Pectoralis major

Subclaviu Lateral

Clavipectoral
nodes

artery and

Pectoralis
minor

(a)

pectoral nerve

Apical lymph

Thoracoacromial

cephalic vein

Axillary fascia

anterior abdominal wall through the upper part of
the linea alba.

Development of the Breast

1 The breast develops from an ectodermal thickening,
called the mammary ridge, milk line, or line of Schultz
(Fig. 3.13). This ridge extends from the axilla to the
groin. It appears during the fourth week of
intrauterine life, but in human beings, it disappears
over most of its extent persisting only in the pectoral
region. The gland is ectodermal, and the stroma
mesodermal in origin.

2 The persisting part of the mammary ridge is
converted into a mammary pit. Secondary buds
(15-20) grow down from the floor of the pit. These
buds divide and subdivide to form the lobes of the
gland. The entire system is first solid, but is later
canalised. At birth or later, the nipple is everted at
the site of the original pit.

3 Growth of the mammary glands, at puberty, is
caused by oestrogens. Apart from oestrogens,
development of secretory alveoli is stimulated by
progesterone and by the prolactin hormone of the
hypophysis cerebri.

4 Developmental anomalies of the breast are:

a. Amastia (absence of the breast),

b. Athelia (absence of nipple),

c. Polymastia (supernumerary breasts),

d. Polythelia (supernumerary nipples),

e. Gynaecomastia (development of breasts in a male)
which occurs in Klinefelter’s syndrome.

Cephalic vein
draining into
axillary vein

Thoracoacromial
artery with its
branches

Lateral pectoral
nerve

Clavipectoral
fascia

(b)

Figs 3.12a and b: (a) Deep lymphatics of the breast passing to the apical lymph nodes and the structures piercing the clavipectoral
fascia, and (b) structures piercing the clavipectoral fascia. Branches of thoracoacromial artery: a—acromial, b—breast, c—clavicular,
d—deltoid



Umbilicus

symphysis

Fig. 3.13: Milk line with possible positions of accessory nipples

CLINICAL ANATOMY

Milk line

Possible position

Pubic of accessory nipples

The upper and outer quadrant of breast is a frequent
site of carcinoma (cancer). Several anatomical facts
are of importance in diagnosis and treatment of this
condition. Abscesses may also form in the breast and
may require drainage. The following facts are worthy
of note.

Incisions of breast are usually made radially to
avoid cutting the lactiferous ducts (Fig. 3.9).
Cancer cells may infiltrate the suspensory
ligaments. The breast then becomes fixed.
Contraction of the ligaments can cause retraction
or puckering (folding) of the skin (Fig. 3.14).
Infiltration of lactiferous ducts and their consequent
fibrosis can cause retraction of the nipple.
Obstruction of superficial lymph vessels by cancer
cells may produce oedema of the skin giving rise
to an appearance like that of the skin of an orange
(peau d’orange appearance) (Fig. 3.15).

Because of communications of the superficial
lymphatics of the breast across the midline, cancer
may spread from one breast to the other (Fig. 3.16).
Because of communications of the lymph vessels
with those in the abdomen, cancer of the breast
may spread to the liver, and cancer cells may
‘drop’ into the pelvis producing secondaries there
(Fig. 3.16).

Apart from the lymphatics, cancer may spread
through the segmental veins. In this connection,
itis important to know that the veins draining the
breast communicate with the vertebral venous
plexus of veins. Through these communications
cancer can spread to the vertebrae and to the brain
(Fig. 3.17).

PECTORAL REGION

* Self-examination of breasts (Fig. 3.18):

a. Inspect: Symmetry of breasts and nipples.

b. Change in colour of skin.

c. Retraction of nipple is a sign of cancer.

d. Discharge from nipple on squeezing it.

e. Palpate all four quadrants with palm of hand.
Note any palpable lump.

f. Raise the arm to feel lymph nodes in axilla.

* Mammogram may reveal cancerous mass

(Fig. 3.19).

¢ Fine needle aspiration cytology is safe and quick

method of diagnosis of lesion of breast (Fig. 3.20).

* Retracted nipple is a sign of tumour in the breast.
¢ Size of mammary gland can be increased by

putting an implant inside the gland.

¢ Cancer of the mammary glands is the most

common cancer in females of all ages. It is more
frequently seen in postmenopausal females due
to lack of oestrogen hormones.

¢ Self-examination of the mammary gland is the only

way for early diagnosis and appropriate treatment.

Fig. 3.14: Retraction of the skin

Fig. 3.15: Peau d'orange appearance

Section 1 Upper Limb
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Fig. 3.16: Lymphatic spread of breast cancer

Vertebral body Inferior vena cava

Venous
plexus
within
vertebral

body Anterior part of external

vertebral venous plexus

Basivertebral vein

Segmental vein

Dura mater

Epidural plexus

Posterior part of
external vertebral

Vertical channel
venous plexus

of epidural plexus

Fig. 3.17: Vertebral system of veins

DEEP PECTORAL FASCIA

The deep fascia covering the pectoralis major muscle is
called the pectoral fascia. It is thin and closely attached
to the muscle by numerous septa passing between the
fasciculi of the muscle. It is attached superiorly to the
clavicle, and anteriorly to the sternum. Superolaterally,
it passes over the infraclavicular fossa and deltopectoral

groove to become continuous with the fascia covering
the deltoid. Inferolaterally, the fascia curves round the
inferolateral border of the pectoralis major to become
continuous with the axillary fascia. Inferiorly, it is
continuous with the fascia over the thorax and the
rectus sheath.

MUSCLES OF THE PECTORAL REGION

DISSECTION

Identify the extensive pectoralis major muscle in the
pectoral region and the prominent deltoid muscle on
the lateral aspect of the shoulder joint and upper arm.

Demarcate the deltopectoral groove by removing the
deep fascia. Now identify the cephalic vein, a small
artery and few lymph nodes in the groove.

Clean the fascia over the pectoralis major muscle
and look for its attachments. Divide the clavicular head
of the muscle and reflect it laterally. Medial and lateral
pectoral nerves will be seen supplying the muscle.

Make a vertical incision 5 to 6 cm from the lateral
border of sternum and reflect its sternocostal head
laterally.

Identify the pectoralis minor muscle under the central
part of the pectoralis major. Note clavipectoral fascia
extending between pectoralis minor muscle and the
clavicle bone.

Identify the structures piercing the clavipectoral
fascia: These are cephalic vein, thoracoacromial artery
and lateral pectoral nerve. If some fine vessels are also
seen, these are the lymphatic channels.

Also, identify the serratus anterior muscle showing
serrated digitations on the side of the chest wall.

Introduction

Muscles of the pectoral region are described in
Tables 3.1 and 3.2. Some additional features are given
below.

Pectoralis Major
Structures under Cover of Pectoralis Major

a. Bones and cartilages: Sternum, ribs, and costal
cartilages.

b. Fascia: Clavipectoral.

c. Muscles: Subclavius, pectoralis minor, serratus
anterior, intercostals and upper parts of the biceps
brachii and coracobrachialis.

d. Vessels: Axillary.

e. Nerves: Cords of brachial plexus with their branches.

Bilaminar Tendon of Pecioralis Major

The muscle is inserted by a bilaminar tendon into the
lateral lip of the intertubercular sulcus of the humerus.
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Check all four quadrants
of the breasts at least
once every month

Look for any changes including redness Lying down feel over the entire area of
or swelling in the mirror each breast in zigzag pattern

(b)

Figs 3.18a to c: Self-examination of breast

Fig. 3.19: Mammogram showing cancerous lesion Fig. 3.20: Fine needle aspiration cytology

Table 3.1: Muscles of the pectoral region

Muscle " Origin from Insertion into
Pectoralis major ¢ Anterior surface of medial two-thirds of clavicle It is inserted by a bilaminar tendon on the
(Fig. 3.21) ¢ Half the breadth of anterior surface of manubrium and lateral lip of the bicipital groove in form of
sternum up to 6th costal cartilages inverted ‘U’
¢ Second to sixth costal cartilages, sternal end of 6th rib The two laminae are continuous with each
¢ Aponeurosis of the external oblique muscle of abdomen other inferiorly
Pectoralis minor ¢ 3, 4, 5 ribs, near the costochondral junction Medial border and upper surface of the
(Fig. 3.25) * Intervening fascia covering external intercostal muscles coracoid process
Subclavius First rib at the costochondral junction Subclavian groove in the middle one-third
(Fig. 3.12) of the clavicle
The anterior lamina is thicker and shorter than the The posterior lamina is thinner and longer than the
posterior. It receives two strata of muscle fibres:  anterior lamina. It is formed by fibres from the front of

Superficial fibres arising from the clavicle and deep  the sternum, 2nd—6th costal cartilages, sternal end of
fibres arising from the manubrium (Fig. 3.21). 6th rib and from the aponeurosis of the external oblique

Section 1 Upper Limb
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Table 3.2: Nerve supply and actions of muscles

Muscle Nerve supply

Pectoralis major Medial and lateral pectoral nerves

(Fig. 3.21)

Pectoralis minor Medial and lateral pectoral nerves

(Fig. 3.25)
Subclavius Nerve to subclavius from upper trunk of
(Fig. 3.12) brachial plexus

Clavicular fibres

Manubrial fibres

Sternocostal fibres

Aponeurotic fibres

Actions

» Acting as a whole the muscle causes: Adduction and
medial rotation of the shoulder joint (arm)

¢ Clavicular part produces: Flexion of the arm

¢ Sternocostal part is used in
— Extension of flexed arm against resistance
— Climbing

* Draws the scapula forward (with serratus anterior)

» Depresses the point of the shoulder

* Helps in forced inspiration

Steadies the clavicle during movements of the shoulder
joint. Forms a cushion for axillary vessels and divisions
of trunks of brachial plexus

Posterior
lamina

Anterior
lamina

Figs 3.21a and b: (a) The origin and insertion of the pectoralis major muscle, and (b) the bilaminar insertion of the pectoralis major.
The anterior lamina is formed by the clavicular and manubrial fibres; the rest of the sternocostal and abdominal fibres form the
posterior lamina. Part of the posterior lamina is twisted upside down

muscle of the abdomen. Out of these only the fibres
from the sternum and aponeurosis are twisted around
the lower border of the rest of the muscle. The twisted
fibres form the anterior axillary fold.

These fibres pass upwards and laterally to get
inserted successively higher into the posterior lamina
of the tendon. Fibres arising lowest, find an opportunity
to get inserted the highest and form a crescentic fold
which fuses with the capsule of the shoulder joint.

Clinicci Tesfing

i. The clavicular head of the pectoralis major can be
tested by attempting to lift a heavy table/rod. The
sternocostal head can be tested by trying to depress
a heavy table/rod.

ii. The clavicular head is made prominent by flexing
the arm to a right angle (Fig. 3.22). The sternocostal
head can be tested by extending the flexed arm
against resistance.

iii. Sternocostal head is made prominent by abducting
arm to 60° and then touching the opposite hip
(Fig. 3.23).

iv. Press the fists against each other (Fig. 3.24).

Clavipectoral Fascia

Clavipectoral fascia is a fibrous sheet situated deep to
the clavicular portion of the pectoralis major muscle. It
extends from the clavicle above to the axillary fascia
below. Its upper part splits to enclose the subclavius
muscle (Fig. 3.12). The posterior lamina is fused to the



Fig. 3.22: Clavicular head being made prominent by flexing the
arm to right angle

-

Fig. 3.23: Sternocostal head being made prominent by abducting
arm to 60° and touching the physician’s hand kept at the
opposite hip

Fig. 3.24: Pectoralis major being tested
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investing layer of the deep cervical fascia and to the
axillary sheath. Inferiorly, the clavipectoral fascia splits
to enclose the pectoralis minor muscle (Fig. 3.25).
Medially it is attached to external intercostal muscle of
upper intercostal spaces and laterally to coracoid
process. Below this muscle, it continues as the
suspensory liganment which is attached to the dome of
the axillary fascia, and helps to keep it pulled up.

The clavipectoral fascia is pierced by the following
structures.
i. Lateral pectoral nerve (Figs 3.12a and b).

ii. Cephalic vein.

iii. Thoracoacromial vessels.

iv. Lymphatics passing from the breast and pectoral
region to the apical group of axillary lymph nodes
(Fig. 3.12a).

Serratus Anterior

Serratus anterior muscle is not strictly muscle of the
pectoral region, but it is convenient to consider it here.

Origin
Serratus anterior muscle arises by eight digitations from
the upper eight ribs in the midaxillary plane and from

the fascia covering the intervening intercostal muscles
(Fig. 3.26).

inserfion

The muscle is inserted into the costal surface of the
scapula along its medial border.

The first digitation is inserted from the superior angle
to the root of the spine.

The next two digitations are inserted lower down
on the medial border.

The lower five digitations are inserted into a large
triangular area over the inferior angle.

Subclavius
muscle

Clavicle

Coracoid process

Pectoralis
minor

Fig. 3.25: The pectoralis minor and subclavius muscles
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Digitations of serratus
anterior

Fig. 3.26: The serratus anterior

Nerve Supply
The nerve to the serratus anterior is a branch of the

brachial plexus. It arises from roots C5, C6 and C7 and
is also called long thoracic nerve.

Acfions

1 Along with the pectoralis minor, the muscle pulls
the scapula forwards around the chest wall to
protract the upper limb (in pushing and punching
movements) (Fig. 3.27).

Pectoralis major

Pectoralis minor
S Biceps
= brachii
Coracobrachialis

Medial wall of axilla formed
by serratus anterior

Scapulla pulled
=, forwards around

; the chest
% (protraction)

Contents
of axilla

' Subscapularis Scapula

Infraspinatus

Fig. 3.27: Horizontal section through the axilla showing the
position of the serratus anterior

2 The fibres inserted into the inferior angle of the
scapula pull it forwards and rotate the scapula so
that the glenoid cavity is turned upwards. In this
action, the serratus anterior is helped by the trapezius
which pulls the acromion upwards and backwards
(see Fig. 10.6).

3 The muscle steadies the scapula during weight
carrying.

4 It helps in forced inspiration.

Additioncl Fealures

1 Paralysis of the serratus anterior produces ‘winging
of scapula’ in which the inferior angle and the medial
border of the scapula are unduly prominent. The
patient is unable to do any pushing action, nor can
he raise his arm above the head. Any attempt to do
these movements makes the inferior angle of the
scapula still more prominent.

2 Clinical testing: Forward pressure with the hands
against a wall, or against resistance offered by the
examiner, makes the medial border and the inferior
angle of the scapula prominent (winging of scapula)
if the serratus anterior is paralysed (see Fig. 2.12).

i

Mnemonics

Branches of any artery/nerve M-CAT
M—Muscular

C—Cutaneous
A—Articular
T—Terminal

FACTS TO REMEMBER

 Pectoralis major forms part of the bed for the
mammary gland 75% of lymph from mammary
gland drains into axillary, 25% into parasternal and
5% into intercostal lymph nodes.

* The sternocostal head of pectoralis major causes
extension of the flexed arm against resistance.

* Pectoralis minor divides the axillary artery into
three parts.

CLINICOANATOMICAL PROBLEM

A 45-year-old women complained of a firm painless
mass in the upper lateral quadrant of her left breast.
The nipple was also raised. Axillary lymph nodes
were palpable and firm. It was diagnosed as cancer
breast.

¢ Where does the lymph from upper lateral

quadrant drain?
* What causes the retraction of the nipple?

Ans: The lymph from the upper lateral quadrant
drains mainly into the pectoral group of axillary
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lymph nodes. The lymphatics also drain into

supraclavicular and infraclavicular lymph nodes.
Blockage of some lymph vessels by the cancer cells

causes oedema of skin with dimpled appearance.

This is called peau d’orange. When cancer cells
invade the suspensory ligaments, glandular tissue
or the ducts, there is retraction of the nipple.

MULTIPLE CHOICE QUESTIONS

1. Which of the following muscle does not form deep
relation of the mammary gland?

a. Pectoralis major
b. Pectoralis minor
¢. Serratus anterior
d. External oblique of abdomen

. One of the following structure does not pierce
clavipectoral fascia:

a. Cephalic vein

b. Thoracoacromial artery
c. Medial pectoral nerve
d. Lateral pectoral nerve

. Which of the following artery does not supply the
mammary gland?

a. Superior thoracic

b. Thoracodorsal branch of subscapular artery
c. Lateral thoracic artery

d. Thoracoacromial artery

. Axillary sheath is derived from:

a. Pretracheal fascia

b. Prevertebral fascia

c. Investing layer of cervical fascia
d. Pharyngobasilar facia

. Winging of scapula occurs in paralysis of:

a. Pectoralis major
b. Pectoralis minor
c. Latissimus dorsi
d. Serratus anterior

ANSWERS

B 88 il It v ) 4.b 5.d
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INTRODUCTION

The axilla (Latin armpit) is a pyramidal space situated

between the upper part of the arm and the chest wall.

It resembles a four-sided pyramid, and has the

following.

i. An apex

ii. A base

iii. Four walls: Anterior, posterior, medial and lateral.
The axilla is disposed obliquely in such a way that

the apex is directed upwards and medially towards the

root of the neck, and the base is directed downwards.

DISSECTION

Place a rectangular wooden block under the neck and
shoulder region of cadaver (Fig. 4.1). Ensure that the
block supports the body firmly. Abduct the limb at right
angles to the trunk; and strap the wrist firmly on block
projecting towards your side. In continuation with earlier
dissection, reflect the lower skin flap till the posterior
axillary fold made up by the subscapularis, teres major,
and latissimus dorsi muscles is seen. Clean the fat,
and remove the lymph nodes and superficial veins to
reach depth of the armpit. Identify two muscles arising
from the tip of the coracoid process of scapula; Out of
these, the short head of biceps brachii muscle lies on
the lateral side and the coracobrachialis on the medial
side.

The pectoral muscles with the clavipectoral fascia
form anterior boundary of the region.

Look for upper three intercostal muscles and serratus
anterior muscie which make the medial wall of axilla.

Clean and identify the axillary vessels. Trace the
course of the branches of the axillary artery.

Reflect the upper skin flap on the arm till the incision
already given at its junction of upper one-third and lower
two-third.

46

Lower skin flap

Paosterior fold of axilla

Areola and nipple

Fig. 4.1: Dissection of axilla

BOUNDARIES
Apex/Cervicoaxillary Canal

It is directed upwards and medially towards the root
of the neck.

It is truncated (not pointed), and corresponds to a
triangular interval bounded

i. Anteriorly by the posterior surface of clavicle,

ii. Posteriorly by the superior border of the scapula

and medial aspect of coracoid process.

ili. Medially it is bounded by the outer border of the

first rib.

This oblique passage is called the cervicoaxillary
canal (Figs 4.2a to ¢). The axillary vessels, axillary vein
and the brachial plexus enter the axilla through this
canal.
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axilla
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of clavicle (a)
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1strib

canal) __ Clavicle

Medial wall

(b)

Apex

Posterior wall

Medial wall

Base

Figs 4.2a to c: (a) Boundaries of the apex of the axilla, (b) walls of the axilla, and (c) opened up axilla

Base or Floor

It is directed downwards, and is formed by skin,
superficial and axillary fasciae. It is convex upwards in
congruence with concavity of axilla.

Anterior Wall

It is formed by the following.

i. The pectoralis major in front (Fig. 4.3).
ii. The clavipectoral fascia
iii. Pectoralis minor.

Posterior Wall

It is formed by the following.

i. Subscapularis above (Fig. 4.4),
ii. Teres major and
iii. Latissimus dorsi below.

Medial Wall

It is convex laterally and formed by the following.
i. Upper four ribs with their intercostal muscles.
ii. Upper part of the serratus anterior muscle (Fig. 4.5).

Lateral Wall

It is very narrow because the anterior and posterior
walls converge on it. It is formed by the following.

Subclavius

Pectoralis
major Sub-

scapularis

Clavipectoral

fascia Axillary

arte
Pectoralis v

minor

Teres

Suspensory )
major

ligament

Latissimus
dorsi

" (base of axilla)

Fig. 4.3: Anterior and posterior walls of the axilla with the axillary
artery

i. Upper part of the shaft of the humerus in the region
of the bicipital groove, and

ii. Coracobrachialis and short head of the biceps
brachii (Fig. 4.5).

CONTENTS OF AXILLA

1 Axillary artery and its branches (Fig. 4.5).
2 Axillary vein and its tributaries.
3 Infraclavicular part of the brachial plexus.

Section 1 Upper Limb
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Posterior cord of
brachial plexus
Axillary nerve

in quadrangular Subscapularis

space with nerve
supply
Teres major
Teres major with
Radial nerve nerve supply
in lower
triangular
space Latissimus dorsi
with nerve supply
Long head
of triceps

brachii

Fig. 4.4: Muscles forming the posterior wall of axilla with their
nerve supply

4 Five groups of axillary lymph nodes and the

associated lymphatics.

The long thoracic and intercostobrachial nerves.

6 Axillary fat and areolar tissue in which the other
contents are embedded.

a

Layout

1 Axillary artery and the brachial plexus of nerves run
from the apex to the base along the lateral wall of
the axilla, nearer the anterior wall than the posterior
wall.

2 The thoracic branches of the axillary artery lie in
contact with the pectoral muscles, the lateral thoracic
vessels running along the lower border of the
pectoralis minor.

Posterior
Subscapular nerves

Teres major

Long head and short head
of biceps brachii

3 a. The subscapular vessels run along the lower
border of the subscapularis.

b. The subscapular nerve and the thoracodorsal
nerve (nerve to latissimus dorsi) cross the anterior
surface of the subscapularis (Fig. 4.4).

c¢. The circumflex scapular vessels wind round the
lateral border of the scapula.

d. The axillary nerve and the posterior circumflex
humeral vessels pass backwards close to the
surgical neck of the humerus.

4 a. The medial wall of the axilla is avascular, except
for a few small branches from the superior thoracic
artery.

b. The long thoracic nerve (nerve to the serratus
anterior) descends on the surface of the muscle
(Fig. 4.5).

c. The intercostobrachial nerve pierces the antero-
superior part of the medial wall and crosses the spa-
ces to reach the medial side of the arm (see Fig. 3.3).

5 The axillary lymph nodes are 20 to 30 in number,

and are arranged in five sets.

a. The anterior group lies along the lower border of
the pectoralis minor, on the lateral thoracic vessels.

b. The posterior group lies along the lower margin
of the posterior wall along the subscapular vessels
(Fig. 4.11).

c. Thelateral group lies posteromedial to the axillary
vein.

d. The central group lies in the fat of the axilla.

e. The apical group lies behind and above the
pectoralis minor, medial to the axillary vein.

AXILLARY ARTERY

Axillary artery is the continuation of the subclavian
artery. It extends from the outer border of the first rib

Subscapularis

Serratus anterior

Latissimus dorsi

Nerve to serratus anterior

Axillary Sheath and its contents

Lateral

Lateral pectoral nerve

Pectoralis minor and major

Anterior

Medial pectoral nerve

Coracobrachialis

Fig. 4.5: Walls and contents of axilla



to the lower border of the teres major muscle where it
continues as the brachial artery. Its direction varies with
the position of the arm.

The pectoralis minor muscle crosses the artery and
divides it into three parts (Fig. 4.6).

i. First part, superior (proximal) to the muscle.
ii. Second part, posterior (deep) to the muscle.
iii. Third part, inferior (distal) to the muscle.

RELATIONS OF AXILLARY ARTERY

Relations of First Part

Anterior

1 Skin

2 Superficial fascia, platysma and supraclavicular
nerves

3 Deep fascia

4 Clavicular part of the pectoralis major (Fig. 4.7a)

Coracoid process

Axillary artery

Subclavian artery

First rib

Pectoralis minor

Humerus
Brachial artery
Teres major

Fig. 4.6: The extent and parts of the axillary artery

AXILLA

5 Clavipectoral fascia with cephalic vein, lateral
pectoral nerve, and thoracoacromial artery.

6 Loop of communication between the lateral and
medial pectoral nerves.

Posterior

1 First intercostal space with the external intercostal
muscle

2 First and second digitations of the serratus anterior
with the nerve to serratus anterior.

3 Medial cord of brachial plexus with its medial
pectoral branch.

Lateral
Lateral and posterior cords of the brachial plexus

Medial

Axillary vein: The first part of the axillary artery is
enclosed (together with the brachial plexus) in the
axillary sheath, derived from the prevertebral layer of
deep cervical fascia.

Relations of Second Part
Anierior

1 Skin

2 Superficial fascia

3 Deep fascia

4 Pectoralis major

5 Pectoralis minor (Fig. 4.7b)

Posterior

1 Posterior cord of brachial plexus
2 Subscapularis

Lateral

1 Lateral cord of brachial plexus
2 Coracobrachialis (Fig. 4.8)

Skin =

Platysma

Supraclavicular nerves ——& [&)

Thoracoacromial artery

Deep fascia

Pectoralis major

Lateral pectoral nerve

Clavipectoral fascia
o p

Axillary artery

Lateral cord —o
Posterior cord —O

Nerve to serratus anterior

First intercostal space

Cepbhalic vein

Axillary vein
Medial pectoral nerve

Medial cord

Serratus anterior

Fig. 4.7a: Relations of first part of axillary artery
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Deep fascia

Pectoralis major

Medial pectoral nerve

Q{ Axillary vein
Lateral cord

/_,/Q Medial cord
Posterior cord

Subscapularis

Coracobrachialis
Short head of biceps brachii

Fig. 4.7b: Relations of second part of axillary artery

Medial 3 Deep fascia

1 Medial cord of brachial plexus 4 In the upper part there are the pectoralis major and
2 Medial pectoral nerve the medial root of the median nerve (Fig. 4.7c).

3 Axillary vein Posterior

Relations of Third Part 1 Radial nerve (Fig. 4.9)

Anterior 2 Axillary nerve in the upper part

3 Subscapularis in the upper part
4 Tendons of the latissimus dorsi and the teres major
in the lower part (Fig. 4.7d).

1 Skin
2 Superficial fascia

— === 5kin

Deep fascia Superficial fascia

Pectoralis major
Lateral root of median nerve

Medial root of median nerve

Coracobrachialis Medial cutaneous nerve of forearm

Musculocutaneous nerve
Axillary artery
Axillary nerve

Medial cutaneous nerve of arm

Ulnar nerve

Su ularis .
bscap Radial nerve

Superficial fascia ————

Median nerve
t) ﬁ )

Coracobrachialis

Medial cutaneous nerve
of forearm

Axillary vein

Radial nerve

Latissimus dorsi ———

Ulnar nerve

Teres major

Fig. 4.7d: Relations of third part of axillary artery (lower part)



Lateral

1 Coracobrachialis

2 Musculocutaneous nerve in the upper part (Fig. 4.8).
3 Lateral root of median nerve in the upper part

4 Trunk of median nerve in the lower part.

Medial

1 Axillary vein

2 Medial cutaneous nerve of the forearm and ulnar
nerve, between the axillary artery the axillary vein

3 Medial cutaneous nerve of arm, medial to the axillary
vein (Fig. 4.9).

Branches

The axillary artery gives six branches. One branch arises
from the first part, two branches from the second part,
and three branches from the third part. These are as
follows (Fig. 4.10).

Supericr Thoracic Antery

Superior thoracic artery is a very small branch which
arises from the first part of the axillary artery (near the
subclavius). It runs downwards, forwards and medially,
passes between the two pectoral muscles, and ends by
supplying these muscles and the thoracic wall (Fig. 4.10).

Thoracoacromial (Acromiothoracic) Artery

Thoracoacromial artery is a branch from the second part
of the axillary artery. It emerges at the upper border of

Ventral rami (roots)

Trunks

Divisions

Lateral cord

. Posterior cord
Coracoid

process Axillary artery

Medial root and Medial cord

lateral root of
median nerve

Pectoralis
minor

Axillary nerve

Musculocutaneous
nerve

Ulnar nerve

Median nerve
Radial nerve
Fig. 4.8: Relation of the brachial plexus to the axillary artery.

C5-C8 and T1 are anterior primary rami of respective spinal
segments

AXILLA

the pectoralis minor, pierces the clavipectoral fascia,

and soon divides into the following four terminal

branches.

a. The pectoral branch passes between the pectoral
muscles, and supplies these muscles as well as the
breast.

b. The deltoid branch runs in the deltopectoral groove,
along with the cephalic vein.

c. The acromial branch crosses the coracoid process and
ends by joining the anastomoses over the acromion.

d. The clavicular branch runs superomedially deep to the
pectoralis major, and supplies the sternoclavicular
joint and subclavius.

Laferal Thoracic Artery

Lateral thoracic artery is a branch of the second part of
the axillary artery. It emerges at, and runs along, the
lower border of the pectoralis minor in close relation
with the anterior group of axillary lymph nodes.

In females, the artery is large and gives off the lateral
mammary branches to the breast.

Anterior Circumflex Humeral Artery

Anterior circumflex humeral artery is a small branch
arising from the third part of the axillary artery, at the
lower border of the subscapularis.

It passes laterally in front of the intertubercular
sulcus of the humerus, and anastomoses with the
posterior circumflex humeral artery, to form an arterial
circle round the surgical neck of the humerus.

It gives off an ascending branch which runs in the
intertubercular sulcus, and supplies the head of the
humerus and shoulder joint.

Posterior Circumflex Humeral Artery

Posterior circumflex humeral artery is much larger than
the anterior artery. It arises from the third part of the
axillary artery at the lower border of the subscapularis.
It runs backwards, accompanied by the axillary nerve,
passes through the quadrangular intermuscular space,
and ends by anastomosing with the anterior circumflex
humeral artery around the surgical neck of the humerus
(see Figs 6.6 and 6.12).

It supplies the shoulder joint, the deltoid, and the
muscles bounding the quadrangular space.

It gives off a descending branch which anastomoses
with the ascending branch of the profunda brachii artery.

Subscapular Arfery

Subscapular artery is the largest branch of the axillary
artery, arising from its third part.

It runs along the lower border of the subscapularis
to terminate near the inferior angle of the scapula.

It supplies the latissimus dorsi and the serratus
anterior.

Section 1 Upper Limb
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Posterior cord

Lateral cord

Medial cord
Lateral pectoral nerve
Axillary artery
Coracobrachialis
Lateral and medial Axillary vein

roots of median nerve

Pectoralis minor

Musculocutaenous

nerve H
Medial pectoral nerve

Medial cutaneous

Teres major
nerve of arm

Median nerve

Radial nerve
Ulnar nerve

Medial cutaneous nerve
of forearm

Fig. 4.9: Relations of branches of brachial plexus to the axillary vessels

Acromiothoracic artery

Axillary artery
Clavicle (outer border of 1st rib)
Acromial
Deltoid
Pectoral Subclavian artery
Clavicular Superior thoracic artery

Posterior circumflex Pectoralis minor

humeral artery

Circumflex scapular artery
Anterior circumflex
humeral artery

Lateral thoracic artery

Subscapular artery

Lower border
of teres major

Thoracodorsal artery

Fig. 4.10: The branches of the axillary artery



It gives off a large branch, the circumflex scapular
artery, which is larger than the continuation of the main
artery. This branch passes through the triangular
intermuscular space, winds round the lateral border of
the scapula deep to the teres minor, and gives a branch
to the subscapular fossa, and another branch to the
infraspinous fossa, both of which take part in the
anastomoses around the scapula (see Fig. 6.13).

Anastomoses and Collateral Circulation

The branches of the axillary artery anastomose with one
another and with branches derived from neighbouring
arteries (internal thoracic, intercostal, suprascapular,
deep branch of transverse cervical, profunda brachii).
When the axillary artery is blocked, a collateral
circulation is established through the anastomoses
around the scapula which links the first part of the
subclavian artery with the third part of the axillary
artery (apart from communications with the posterior
intercostal arteries) (see Fig. 6.13).

AXILLARY VEIN

The axillary vein is the continuation of the basilic vein.
The axillary vein is joined by the venae comitantes of
the brachial artery a little above the lower border of
the teres major. It lies on the medial side of the axillary
artery (Fig. 4.9). At the outer border of the first rib, it
becomes the subclavian vein. In addition to the
tributaries corresponding to the branches of the axillary
artery, it receives the cephalic vein in its upper part.
There is no axillary sheath around the vein, which is
free to expand during times of increased blood flow.

AXILLARY LYMPH NODES

The axillary lymph nodes are scattered in the fibrofatty

tissue of the axilla. They are divided into five groups.

1 The nodes of the anterior (pectoral) group lie along the
lateral thoracic vessels, i.e. along the lower border
of the pectoralis minor. They receive lymph from the
upper half of the anterior wall of the trunk, and from
the major part of the breast (Fig. 4.11).

2 The nodes of the posterior (scapular) group lie along
the subscapular vessels, on the posterior fold of the
axilla. They receive lymph from the posterior wall
of the upper half of the trunk, and from the axillary
tail of the breast.

3 The nodes of the lateral group lie along the upper part
of the humerus, medial to the axillary vein. They
receive lymph from the upper limb.

4 The nodes of the central group lie in the fat of the
upper axilla. They receive lymph from the preceding
groups and drain into the apical group. They receive
some direct vessels from the floor of the axilla. The
intercostobrachial nerve is closely related to them.

AXILLA

Apical group

Anterior group

LLateral group

Central group

Posterior group

Pectoralis minor

Fig. 4.11: The axillary lymph nodes

5 The nodes of the apical or infraclavicular group lie deep
to the clavipectoral fascia, along the axillary vessels.
They receive lymph from the central group, from the
upper part of the breast, and from the thumb and its
web. The lymphatics from the thumb accompany the
cephalic vein.

CLINICAL ANATOMY

* The axilla has abundant axillary hair. Infection of
the hair follicles and sebaceous glands gives rise
to boils which are common in this area.

* The axillary lymph nodes drain lymph not only
from the upper limb but also from the breast and
the anterior and posterior body walls above the
level of the umbilicus. Therefore, infections or
malignant growths in any part of their territory
of drainage give rise to involvement of the axillary
lymph nodes (Fig. 4.12). Bimanual examination of
these lymph nodes is, therefore, important in
clinical practice. Left axillary nodes to be palpated
by right hand. Right axillary nodes have to be
palpated by left hand.

* An axillary abscess should be incised through the
floor of the axilla, midway between the anterior
and posterior axillary folds, and nearer to the
medial wall in order to avoid injury to the main
vessels running along the anterior, posterior and
lateral walls.

* Axillary arterial pulsations can be felt against the

lower part of the lateral wall of the axilla.
In order to check bleeding from the distal part of
the limb (in injuries, operations and amputations)
the artery can be effectively compressed against
the humerus in the lower part of the lateral wall
of the axilla.
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Axillary
lymph
nodes

Umbilicus

Inguinal
lymph
nodes

Nt LS

Fig. 4.12: Lymph above umbilicus drains into axillary lymph
nodes while below umbilicus drains into inguinal group

Spinal Nerve

Each spinal nerve is formed by union of dorsal root
and ventral root. Dorsal root is sensory and is
characterised by the presence of spinal or dorsal root
ganglion and enters the dorsal horn and posterior
funiculus of spinal cord. Ventral root is motor, arises
from anterior horn cells of spinal cord.

The motor and sensory fibres get united in the
spinal nerve which divides into short dorsal ramus and
long ventral ramus. Both the rami thus contain motor
and sensory fibres. In addition, these also manage to
obtain sympathetic fibres via grey ramus communicans
(Fig. 4.13).

Only the ventral primary rami form plexuses.
Brachial plexus is formed by ventral primary rami or
ventral rami of C5, C6, C7, C8 and T1 segments of spinal
cord.

BRACHIAL PLEXUS

DISSECTION

After cleaning the branches of the axillary artery,
proceed to clean the brachial plexus. It is formed by
the ventral primary rami of the lower four cervical
(C5-C8) and the first thoracic (T1) nerves. The first
and second parts of the axillary artery are related to
the cords; and third part is related to the branches of
the plexus. Study the description of the brachial plexus
before proceeding further.

The plexus consists of roots, trunks, divisions, cords
and branches (Fig. 4.14).

Roots

These are constituted by the anterior primary rami of
spinal nerves C5, C6, C7, C8 and T1, with contributions
from the anterior primary rami of C4 and T2 (Fig. 4.8).

The origin of the plexus may shift by one segment
either upward or downward, resulting in a prefixed or
postfixed plexus respectively.

In a prefixed plexus, the contribution by C4 is large
and that from T2 is often absent.

In a postfixed plexus, the contribution by T1 is large,
T2 is always present, C4 is absent, and C5 is reduced in
size. The roots join to form trunks as follows:

Dorsal ramus

Dorsal root ganglion

Ventral ramus Sepsory fibres

——

Postganglionic
sympathetic fibre

White ramus communicans

Grey ramus
communicans

Sensory fibres

Motor fib
oforibres Spinal cord at T1 level

Preganglionic sympathetic fibres

Fig. 4.13: Mixed fibres of root of brachial plexus



Dorsal scapular nerve

Suprascapular nerve

Divisions £/

Lateral pectoral nerve

Branches
Musculocutaneous nerve

Axillary nerve

Lateral root and medial
root of median nerve

Median nerve

AXILLA

Roots

Branch to phrenic

Trunks
2 Muscular branches

Nerve to subclavius

Long thoracic nerve

T1

Upper subscapular nerve

Radial nerve

Nerve to latissimus dorsi
Lower subscapular nerve

Medial pectoral nerve
N

Medial cutaneous nerve of arm

Medial cutaneous nerve of forearm

Ulnar nerve

Fig. 4.14: The right brachial plexus

Trunks

Roots C5 and C6 join to form the upper trunk. Root C7
forms the middle trunk. Roots C8 and T1 join to form
the lower trunk.

Divisions of the Trunks

Each trunk (three in number) divides into ventral and
dorsal divisions (which ultimately supply the anterior
and posterior aspects of the limb). These divisions join
to form cords.

Cords

i. The lateral cord is formed by the union of ventral
divisions of the upper and middle trunks (two
divisions).

ii. The medial cord is formed by the ventral division
of the lower trunk (one division).

iii. The posterior cord is formed by union of the dorsal
divisions of all the three trunks (three divisions).

Sympathefic Innervation

1 Sympathetic nerves for the upper limb are derived
from spinal segments T2 to T6. Most of the vaso-
constrictor fibres supplying the arteries emerge from
segments T2 and T3.

2 The preganglionic fibres arise from lateral horn cells
and emerge from the spinal cord through ventral
nerve roots.

3 Passing through white rami communicans they reach
the sympathetic chain.

4 They ascend within the chain and end in the middle
cervical, inferior cervical and first thoracic ganglia.

5 Postganglionic fibres from middle cervical ganglion
pass through grey rami communicans to reach C5,
Cé6 nerve roots.

6 Postganglionic fibres from inferior cervical ganglion
pass through grey rami communicans to reach C7,
C8 nerve roots.

7 Postganglionic fibres from first thoracic sympathetic
ganglion pass through grey rami communicans to
reach Th1 nerve roots.

8 The arteries of skeletal muscles are dilated by
sympathetic activity. For the skin, however, these
nerves are vasomotor, sudomotor and pilomotor.

Vasomotor: Constricts the arterioles of skin.
Sudomotor: Increases the sweat secretion.

Pilomotor: Contracts the arrector pilorum muscle to
cause erection of the hair.

Section 1 Upper Limb
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Branches
The roots value of each branch is given in brackets.

Bronches of the Roots

1 Nerve to serratus anterior (long thoracic nerve) (C5,
Ce, C7)

2 Nerve to rhomboids (dorsal scapular nerve) (C5).

3 Branches to longus colli and scaleni muscles (both
C5-C8) and branch to phrenic nerve (C4).

EBranches of the Trunks

These arise only from the upper trunk which gives two
branches.

1 Suprascapular nerve (C5, C6)

2 Nerve to subclavius (C5, C6)

Branches of the Cords

Branches of lateral cord

1 Lateral pectoral (C5-C7)

2 Musculocutaneous (C5-C7)

3 Lateral root of median (C5-C7)

Branches of medial cord

1 Medial pectoral (C8, T1)

2 Medial cutaneous nerve of arm (C8, T1)

3 Medial cutaneous nerve of forearm (C8, T1)

4 Ulnar (C7, C8, T1). C7 fibres reach by a com-
municating branch from lateral root of median nerve.

5 Medial root of median (C8, T1)

Branches of posterior cord

Upper subscapular (C5, C6)

Nerve to latissimus dorsi (thoracodorsal) (C6, C7, C8)
Lower subscapular (C5, C6)

Axillary (circumflex) (C5, C6)

Radial (C5-C8, T1)

In addition to the branches of the brachial plexus,
the upper limb is also supplied, near the trunk, by the
supraclavicular branches of the cervical plexus, and by
the intercostobrachial branch of the second intercostal
nerve. Sympathetic nerves are distributed through the
brachial plexus. The arrangement of the various nerves
in the axilla was studied with the relations of the axillary
artery.

CLINICAL ANATOMY

Erb’s Paralysis

Site of injury. One region of the upper trunk of the
brachial plexus is called Erb’s point (Fig. 4.15). Six
nerves meet here. Injury to the upper trunk causes
Erb’s paralysis.

Causes of injury: Undue separation of the head
from the shoulder, which is commonly encountered
in the following.

Ut = QN =

i. Birth injury
ii. Fall on the shoulder

iii. During anaesthesia.

Nerve roots involved: Mainly C5 and partly C6.

Muscles paralysed: Mainly biceps brachii, deltoid,
brachialis and brachioradialis. Partly supraspinatus,
infraspinatus and supinator.

Deformity and position of the limb

Arm: Hangs by the side; itis adducted and medially
rotated.

Forearm: Extended and pronated.

The deformity is known as “policeman’s tip hand’
or waiter’s tip hand or ‘porter’s tip hand’ (Fig. 4.16).

Disability: The following movements are lost.

¢ Abduction and lateral rotation of the arm at

shoulder joint.

e Flexion and supination of the forearm.

* Biceps and supinator jerks are lost.

* Sensations are lost over a small area over the

lower part of the deltoid.

Suprascapular
nerve

£

Anterior
division
C8

Posterior
division
Erb’s point

Nerve to subclavius

Fig. 4.15: Erb’s point

Fig. 4.16: Erb's paralysis of right arm




Klumpke’s Paralysis
Site of injury: Lower trunk of the brachial plexus.

Cause of injury: Undue abduction of the arm, as in
clutching something with the hands after a fall from a
height, or sometimes in birth injury.

Nerve roots involved: Mainly T1 and partly C8.

Muscles paralysed
* Intrinsic muscles of the hand (T1).
* Ulnar flexors of the wrist and fingers (C8).

Deformity and position of the hand. Claw hand due to

the unopposed action of the long flexors and extensors

of the fingers. In a claw hand there is hyperextension
at the metacarpophalangeal joints and flexion at the
interphalangeal joints.

Disability

* Complete claw-hand (Fig. 4.17).

¢ Cutaneous anaesthesia and analgesia in a narrow
zone along the ulnar border of the forearm and hand.

* Horner’s syndrome if T1 is injured proximal to white
ramus communicans to first thoracic sympathetic
ganglion (Fig. 4.13). There is ptosis, miosis, anhydrosis,
enophthalmos, and loss of cilio-spinal reflex—may
be associated. This is because of injury to sympathetic
tibres to the head and neck that leave the spinal cord
through nerve T1 (Fig. 4.18).

* Vasomotor changes: The skin area with sensory loss
is warmer due to arteriolar dilation. It is also drier
due to the absence of sweating as there is loss of
sympathetic activity.

* Trophic changes: Long standing case of paralysis
leads to dry and scaly skin. The nails crack easily
with atrophy of the pulp of fingers.

Injury to the Nerve to Serratus Anterior (Nerve of Bell)
Causes

1 Sudden pressure on the shoulder from above.
2 Carrying heavy loads on the shoulder.

Fig. 4.17: Complete claw-hand
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Fig. 4.18: Horner’s syndrome

Deformity: Winging of the scapula, i.e. excessive

prominence of the medial border of the scapula.

Normally, the pull of the muscle keeps the medial

border against the thoracic wall.

Disability

* Loss of pushing and punching actions. During
attempts at pushing, there occurs winging of the
scapula (see Fig. 2.12).

* Arm cannot be raised beyond 90°, i.e. overhead
abduction is not possible as it is performed by the
serratus anterior muscle.

g

Mnemonics

Axillary artery branches “Slap The Lawyer Save ﬁi
Patient”: '
1st part gives 1 branch; 2nd part 2 branch; and 3rd
part 3 branches.
Superior thoracic branch of 1st part
Thoracoacromial branch of 2nd part
Lateral thoracic branch of 2nd part
Subscapular branch of 3rd part
Anterior circumflex humeral branch of 3rd part
Posterior circumflex humeral branch of 3rd part
Thoracoacromial artery branches “ABCD”:
Acromial
Breast (pectoral)
Clavicular
Deltoid
Brachial plexus branches: “My Aunt Ragged My
Uncle”:
From lateral to medial:

Musculocutaneous

Axillary

Radial

Median
- Ulnar
Brachial plexus “Really Tired Drink Coffee Now”:
Roots (ventral rami) C5-T1
Trunks (upper, middle, lower)
Divisions (3 anterior and 3 posterior)
Cords (lateral, posterior, medial)
Nerves (branches)
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: FACTS TO REMEMBER | ¢ What is the point called?

¢ Sternoaponeurotic part of pectoralis major twist e What nerves are affected?

around the upper fibres of same muscle. Latissimus Ans: The site of injury is called Erb’s point.

dorsi twists around the teres major. Thus the smooth Six nerves are involved:

anterior and posterior walls of'the axilla are formed. i. Ventral ramus of cervical five segment of
e Infraclavicular part of brachial plexus lies in the spinal cord

axilla iy : : ii. Ventral ramus of cervical six segment of spinal
* Apex of the axilla is known as cervico-axillary cord

1canal and gives passage to axillary vessels and These two rami join to form the upper trunk

ower part of brachial plexus. S 1 ¢ i
¢ Axillary sheath is derived from prevertebral fascia. el o e AR e e

iv. Nerve to subclavius from upper trunk

v. Anterior division of upper trunk

CLINICOANATOMICAL PROBLEM vi. Posterior division of upper trunk

Section 1 Upper Limb

A patient came with inability to: (i) abduct right These divisions give fibres to deltoid, brachialis,
shoulder, (ii) flex elbow joint and (iii) supinate the biceps brachii, supinator, so the arm cannot be
forearm abducted. The elbow is extended and forearm is

* What is the site of injury of the nerves?

pronated. This paralysis is called Erb’s paralysis.

~ MULTIPLE CHOICE QUESTIONS

cord of brachial plexus?
a. Upper subscapular b. Lower subscapular
c. Suprascapular d. Axillary

2. Porter’s tip or policeman’s tip deformity occurs due

to:

a. Klumpke’s paralysis

b. Paralysis of median nerve
c. Paralysis of radial nerve
d. Erb’s paralysis

3. Which is not a branch of lateral cord of brachial

plexus

Which of the following is not a branch of posterior

a. Musculocutaneous

b. Lateral root of median
¢. Medial root of median
d. Lateral pectoral

4. Erb’s paralysis causes weakness of all muscles

except:
a. Supraspinatus b. Deltoid
c. Biceps brachii d. Triceps brachii

5. Posterior wall of axilla is formed by all except one

muscle:
a. Teres major b. Teres minor
c. Latissimus dorsi  d. Subscapularis

ANSWERS




INTRODUCTION

This chapter deals mainly with structures which
connect the upper limb with the back of the trunk.

SURFACE LANDMARKS

1 The scapula (shoulder blade) is placed on the
posterolateral aspect of the upper part of the thorax.
It extends from the second to the seventh ribs.
Although it is thickly covered by muscles, most of its
outline can be felt in the living subject. The acromion
lies at the top of the shoulder. The crest of the spine of
the scapula runs from the acromion medially and
slightly downwards to the medial border of the
scapula. The medial border and the inferior angle of the
scapula can also be palpated (Fig. 5.1).

The eighth rib is just below the inferior angle of the
scapula. The lower ribs can be identified on the back
by counting down from the eighth rib.

The iliac crest is a curved bony ridge lying below the
waist. The anterior end of the crest is the anterior
superior iliac spine. The posterior superior iliac spine is
felt in a shallow dimple above the buttock, about
5 cm from the median plane.

The sacrum lies between the right and left dimples
mentioned above. Usually three sacral spines are
palpable in the median plane.

The coccyx lies between the two buttocks in the
median plane.

The spine of the seventh cervical vertebra or vertebra
prominens is readily felt at the root of the neck. Higher
up on the back of the neck, the second cervical spine
can be felt about 5 cm below the external occipital
protuberance. Other spines that can be recognised are
T3 at the level of root of the spine of the scapula, L4
at the level of the highest point of the iliac crest, and
S2 at the level of the posterior superior iliac spine.
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The junction of the back of the head with that of the
neck is indicated by the external occipital
protuberance and the superior nuchal lines. The
external occipital protuberance is a bony projection felt
in the median plane on the back of the head at the
upper end of the nuchal furrow (running vertically
on the back of the neck). The superior nuchal lines are
indistinct curved ridges which extend on either side
from the protuberance to the mastoid process. The
nuchal furrow extends to the external occipital
protuberance, above, and to the spine of C7 below.

SKIN AND FASCIAE OF THE BACK

DISSECTION

Identify the external occipital protuberance (i) of the
skull. Draw a line in the midline from the protuberance
to the spine of the last thoracic (T12) vertebra (ii) Make
incision along this line (Fig. 5.1). Extend the incision
from its lower end to the deltoid tuberosity (iii) on the
humerus which is present on lateral surface about the
middle of the arm. Note that the arm is placed by the
side of the trunk.

Make another incision along a horizontal line from
seventh cervical spine (iv) to the acromion process of
scapula (v). Reflect the skin flap laterally.

Position

Man mostly lies on his back. Therefore, the skin and
fasciae of the back are adapted to sustain pressure of
the body weight. Accordingly, the skin is thick and
fixed to the underlying fasciae; the superficial fascia
containing variable amount of fat, is thick and strong
and is connected to overlying skin by connective tissue;
and the deep fascia is dense in texture.
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Back of scalp

External occipital
protuberance (i)

Vertebra
prominens (iv)
Acromion (v)

Deltoid
tuberosity (iii)

Scapula

Twelfth rib T12 spine (ii)

Sacrum

lliac crest

Fig. 5.1: Surface landmarks and lines of dissection

Cutaneous Nerves

The cutaneous nerves of the back are derived from the
posterior primary rami of the spinal nerves. Their
distribution extends up to the posterior axillary lines.
The following points may be noted.

1 The posterior primary rami of the spinal nerves Cl1,
C7, C8, L4 and L5 do not give off any cutaneous
branches. All twelve thoracic, L1-L3 and five
sacral nerves, however, give cutaneous branches
(Figs 5.2 and 5.3).

2 Each posterior primary ramus divides into medial
and lateral branches, both of which supply the
erector spinae muscles, but only one of them, either
medial or lateral, continues to become the cutaneous
nerves. In the upper half of the body (up to T6), the
medial branches, and in the lower half of the body
(below T6) the lateral branches, of the posterior
primary rami provide the cutaneous branches. Each
cutaneous nerve divides into a smaller medial and a
larger lateral branch before supplying the skin.

3 The posterior primary rami supply the intrinsic
muscles of the back and the skin covering them. The
cutaneous distribution extends further laterally than
the extensor muscles.

4 No posterior primary ramus ever supplies skin or
muscles of a limb. The cutaneous branches of the
posterior primary rami of nerves L1, L2, L3 and
S1-S3 are exceptions in this respect: They turn

Lateral cutaneous branch

Medial
branch

Medial muscular branch
Lateral

branch . .
Posterior primary ramus

— Dorsal nerve root

Anterior primary ramus Ventral root

Lateral cutaneous branch

Anterior cutaneous branch

Fig. 5.2: Course and branches of a lower thoracic nerve

downwards unlike any other nerve and supply the
skin of the gluteal region.

MUSCLES CONNECTING THE UPPER LIMB
WITH THE VERTEBRAL COLUMN _

DISSECTION

Identify the attachments of trapezius muscle in the upper
part of back; and that of latissimus dorsi in the lower
part. Cut vertically through trapezius 5 cm lateral to the
vertebral spines. Divide the muscle horizontally between
the clavicle and spine of scapula; and reflect it laterally
to identify the accessory nerve and its accompanying
blood vessels, the superficial cervical artery and vein.

Look for the suprascapular vessels and nerve, deep
to trapezius muscle, towards the scapular notch.

Cut through levator scapulae muscle midway
between its two attachments and clean the dorsal
scapular nerve (supplying the rhomboids) and
accompanying blood vessels. Identify rhomboid minor
from rhomboid major muscle.

Pull the medial or inner scapular border away from
the chest wall for looking at the serratus anterior muscle.

Define attachments of latissimus dorsi muscle.

Features

Muscles connecting the upper limb with the vertebral
column are the trapezius (Fig. 5.4), the latissimus dorsi,
the levator scapulae, and the rhomboid minor and
rhomboid major. The attachments of these muscles are
given in Table 5.1, and their nerve supply and actions
shown in Table 5.2.
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Medial branch

Transverse section of
spinal cord

Trunk

Ventral ramus (intercostal nerve)

Grey ramus communicans

Sympathetic ganglion

Anterior cutaneous branch

Fig. 5.3: Typical thoracic spinal nerve. The ventral primary ramus is the intercostal nerve

Superior nuchal
line

: e— Ear

Ligamentum
nuchae’

Spine C7

Trapezius

Clavicle

Acromion

Scapula

Rhomboid
major in triangle
of auscultation

Spines T1-T12

Latissimus dorsi

Fig. 5.4: The trapezius muscle and latissimus dorsi

Additional Features of Muscles of the Back
Trapezius

1 Developmentally the trapezius is related to the
sternocleidomastoid. Both of them develop from
branchial arch mesoderm and are supplied by the
spinal accessory nerve.

2 The principal action of the trapezius is to rotate the
scapula during abduction of the arm beyond 90°.
Clinically the muscle is tested by asking the patient
to shrug his shoulder against resistance (Fig. 5.5).

Structures under Cover of the Trapezius

A large number of structures lies immediately under
cover of the trapezius. They are shown in Figs 5.6 to
5.8 and are listed below.
A. Muscles
1 Semispinalis capitis.
2 Splenius capitis.
3 Levator scapulae (Fig. 5.6).
4 Inferior belly of omohyoid.
5 Rhomboid minor.
6 Rhomboid major.
7 Supraspinatus.
8 Infraspinatus.
9 Latissimus dorsi.
10 Serratus posterior superior.
B. Vessels
1 Suprascapular artery and vein
2 Superficial branch of the transverse cervical artery
(superficial cervical) and accompanying veins
(Figs 5.7 and 5.8).
3 Deep branch of transverse cervical artery (dorsal
scapular) and accompanying veins.
C. Nerves
1 Spinal root of accessory nerve.
2 Suprascapular nerve.
3 (3, C4 nerves.
4 Posterior primary rami of C2-C6 and T1-T12 pierce
the muscle to become cutaneous nerves.
D. Bursa
A bursa lies over the smooth triangular area at the root
of the spine of the scapula.

Section 1 Upper Limb
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Table 5.1: Attachments of muscles connecting the upper limb to the vertebral column (Figs 5.4 and 5.6)

Muscle

Trapezius

The right and left muscles
together form a trapezium that
covers the upper half of the back
(Fig. 5.4)

Latissimus dorsi

It covers a large area of
the lower back, and is
overlapped by the trapezius
(Fig. 5.6)

Levator scapulae

Origin from

Medial one-third of superior nuchal line
External occipital protuberance
Ligamentum nuchae

C7 spine

T1-T12 spines

Corresponding supraspinous ligaments

Posterior one-third of the outer lip of
iliac crest

Posterior layer of lumbar fascia; thus
attaching the muscle to the lumbar and
sacral spines

Spines of T7-T12, Lower four ribs

Inferior angle of the scapula

Transverse processes of C1, C2
Posterior tubercles of the transverse

Insertion into

» Upper fibres into the posterior border of
lateral one-third of clavicle

« Middle fibres, into the medial margin of
the acromion and upper lip of the crest
of spine of the scapula

« Lower fibres, on the apex of triangular
area at the medial end of the spine, with
a bursa intervening

The muscle winds round the lower
border of the teres major, and forms the
posterior fold of the axilla

The tendon is twisted upside down and is
inserted into floor of the intertubercular
sulcus

Superior angle and upper part of medial
border (up to triangular area) of the scapula

(Fig. 5.6)

Rhomboid minor

Rhomboid major

processes of C3, C4

¢ Lower part of ligamentum nuchae

e Spines C7 and T1

* Spines of T2, T3, T4, T5
¢ Supraspinous ligaments

Base of the triangular area at the root of the
spine of the scapula

Medial border of scapula below the root of
the spine

Table 5.2: Nerve supply and actions of muscles connecting the upper limb to the vertebral column

Muscle
Trapezius

Latissimus dorsi

Levator scapulae

Rhomboid minor
Rhomboid major

Nerve supply

» Spinal part of accessory nerve is motor
* Branches from C3, C4 are proprioceptive

Thoracodorsal nerve (C6, C7, C8)
(nerve to latissimus dorsi)

* A branch from dorsal scapular nerve (C5)
¢ C3, C4 branches are proprioceptive

Dorsal scapular nerve (C5)
Dorsal scapular nerve (C5)

Actions

« Upper fibres act with levator scapulae, and elevate
the scapula, as in shrugging

« Middle fibres act with rhomboids, and retract the
scapula

= Upper and lower fibres act with serratus anterior, and
rotate the scapula forwards round the chest wall thus
playing an important role in abduction of the arm
beyond 90° (Fig. 5.9)

» Steadies the scapula
¢ Adduction, extension, and medial rotation of the
shoulder as in swimming, rowing, climbing, pulling,

folding the arm behind the back, and scratching the
opposite scapula

« Helps in violent expiratory effort like coughing,
sneezing, etc.

« Essentially a climbing muscle
» Hold inferior angle of the scapula in place

* Helps in elevation of scapula
« Steadies the scapula during movements of the arm

» Retraction of scapula
¢ Retraction of scapula
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Spinal
accessory nerve
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Transverse

cervical artery Outline of
trapezius

Suprascapular Levator

nerve and artery scapulae

Rhomboid
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Rhomboid
major

Inferior belly of
omohyoid muscle

Fig. 5.5: Test for trapezius muscle

Fig. 5.7: Some of the structures under cover of the right
trapezius muscle

Levator scapulae

Rhomboid minor

Rhomboid major
Serratus anterior
Spines T2-T5

Subscapularis

Twisted tendon Scapula

of latissimus dorsi Spines T7-T12

Erector spinae

Serratus Infraspinatus

posterior

Latissimus dorsi ] Lumbar spines superior,”

. . Skin
External oblique Luibar fascia Rhomboid

Spinal Trapezius
) accessory nerve
Lumbar triangle
of Petit
Superficial branch Deep branch of
lliac crest of transverse transverse cervical
cervical artery artery

Fig.5.6: The latissimus dorsi, the levator scapulae, the Fig. 5.8: Transverse section showing the arrangement of
rhomboid minor and the rhomboid major muscles structures on the back

Section 1 Upper Limb
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Middle fibres of trapezius

Lower fibres of
trapezius \}

Fig. 5.9: Rotation of the scapula during abduction of the arm
beyond 90 degrees, brought about by the trapezius and the
serratus anterior muscles

Latissimus Dorsi

1 This is the only muscle which connects the pelvic
girdle and vertebral column to upper limb. It
possesses extensive origin and narrow insertion.

2 The latissimus dorsi develops in the extensor
compartment of the limb. Thereafter, it migrates to
its wide attachment on the trunk, taking its nerve
supply (thoracodorsal nerve) along with it (lata =
wide).

3 The latissimus dorsi is tested clinically by feeling the
contracting muscle in the posterior fold of the axilla
after asking the patient to cough.

Trigngle of Ausculicdion

Triangle of auscultation is a small triangular interval
bounded medially by the lateral border of the trapezius,
laterally by the medial border of the scapula, and
inferiorly by the upper border of the latissimus dorsi.
The floor of the triangle is formed by the 6th and 7th
rib, and 6th intercostal space (ICS), and the rhomboid
major. This is the only part of the back which is not
covered by big muscles. Respiratory sounds of apex of
lower lobe heard through a stethoscope are better heard
over this triangle on each side. On the left side, the
cardiac orifice of the stomach lies deep to the triangle,
and in days before X-rays were discovered the sounds

oo W

of swallowed liquids were auscultated over this triangle
to confirm the oesophageal tumour (Fig. 5.4).

Lumbar Triongle of Pelil
Lumbar triangle of Petit is another small triangle
surrounded by muscles. It is bounded medially by the
lateral border of the latissimus dorsi, laterally by the
posterior border of the external oblique muscle of the
abdomen, and inferiorly by the iliac crest (which forms
the base). The occasional hernia at this site is called
lumbar hernia (Fig. 5.6).

After completing the dissection of the back, the limb
with clavicle and scapula is detached from the trunk.

DISSECTION

For detachment of the limb, muscles which need to be
incised are trapezius, levator scapulae, rhomboid minor
and major, serratus anterior, latissimus dorsi and
sternocleidomastoid.

The sternoclavicular joint is opened to free clavicle
from the sternum. Upper limb with clavicle and scapula
are removed en bloc.

 FACTSTOREMEMBER

* Trapezius is a shrugging muscle supplied by spinal
root of XI nerve.

¢ Trapezius with serratus anterior causes 90°-180°

of abduction at shoulder joints.

CLINICOANATOMICAL PROBLEM

A poor young adult felt multiple nodules in the
region of his neck above the clavicle. A lymph node
biopsy was advised from right side of his neck. Few
days after the biopsy he was unable to shrug his right
shoulder

¢ Why was the biopsy advised?

» Why is he not able is shrug his shoulder?

Ans: For proper diagnosis and treatment a lymph
node biopsy was advised from the posterior triangle
of neck. The spinal root of accessory nerve got injured
during the biopsy procedure. This nerve supplies
trapezius muscle, responsible for shrugging of the
shoulder. Due to the injury to spinal root of XI nerve,
he is unable to shrug his shoulder.

MULTIPLE CHOICE QUESTIONS

1. Boundaries of triangle of auscultation are not
formed by one of the following structures:
a. Lateral border of trapezius
b. Medial border of scapula

c. Upper border of latissimus dorsi
d. Upper border of teres major

2. Boundaries of lumbar triangle of Petit are formed
by all except:



a. Lateral border of latissimus dorsi

b. Posterior border of external oblique muscle of
abdomen

c¢. Iliac crest
d. Quadratus lumborum

Trapezius is not attached to:
b. First rib
d. Scapula

a. Clavicle
c. Occiput

Posterior primary rami of one of the following
nerve gives cutaneous branch:

a. C1 b. C7,C8

c. 14,15 d. s1

Which structures does not lie just deep to trapezius
a. Spinal accessory nerve

b. Superficial branch of transverse cervical artery

c. Deep branch of transverse cervical artery
d. C3 and C4 nerves




INTRODUCTION

The shoulder or scapular region comprises structures
which are closely related to and surround the shoulder
joint. For a proper understanding of the region, revise
some features of the scapula and the upper end of the
humerus.

SURFACE LANDMARKS

1 a. The upper half of the humerus is covered on its
anterior, lateral and posterior aspects by the deltoid
muscle. This muscle is triangular in shape and
forms the rounded contour of the shoulder (Fig. 6.1).

Spine of scapula
