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CHAPTER

Introduction

65-year-old man was admitted to the emergency department complaining of

the sudden onset of a severe crushing pain over the front of the chest

spreading down the left arm and up into the neck and jaw. On questioning
he said that he had had several attacks of pain before and that they had always oc-
curred when he was climbing stairs or digging in the garden. Previously, he found that
the discomfort disappeared with rest after about 5 minutes. On this occasion the pain
was more severe and had occurred spontaneously while he was sitting in a chair; the
pain had not disappeared.

The initial episodes of pain were angina, a form of cardiac pain that occurs on exer-
tion and disappears on rest; it is caused by narrowing of the coronary arteries so that
the cardiac muscle has insufficient blood. The patient has now experienced myocardial
infarction, in which the coronary blood flow is suddenly reduced or stopped and the
cardiac muscle degenerates or dies. Myocardial infarction is the major cause of death
in industrialized nations. Clearly, knowledge of the blood supply to the heart and the
arrangement of the coronary arteries is of paramount importance in making the diag-
nosis and treating this patient.
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& BASIC ANATOMY

Anatomy is the science of the structure and function of the
body.

Clinical anatomy is the study of the macroscopic struc-
ture and function of the body as it relates to the practice of
medicine and other health sciences.

Basic anatomy is the study of the minimal amount of
anatomy consistent with the understanding of the overall
structure and function of the body.

Descriptive Anatomic Terms

TERMS RELATED TO POSITION

All descriptions of the human body are based on the as-
sumplion that the person is standing erect, with the upper
limbs by the sides and the face and palms of the hands di-
rected forward (Fig. 1-1). This is the so-called anatomic po-
sition. The various parts of the body are then described in
relation to certain imaginary planes.

The median sagittal plane is a verlical plane passing
through the center of the body, dividing it into equal right
and left halves (Fig. 1-1). Planes situated to one or the other
side of the median plane and parallel to it are termed para-
median. A structure situated nearer to the median plane of
the body than another is said to be medial to the other.
Similarly, a structure thal lies farther away from the median
plane than another is said to be lateral to the other.

Coronal planes are imaginary verlical planes at right an-
gles to the median plane (Fig. 1-1). Horizontal or trans-
verse planes are at right angles to both the median and
coronal planes (Fig. 1-1).

The terms anterior and posterior are used to indicate
the front and back of the body, respectively (Fig. 1-1); to de-
seribe the relationship of two structures, one is said to be an-
terior or posterior to the other insofar as it is closer to the an-
terior or posterior body surface.

In describing the hand, the terms palmar and dorsal
surfaces are used in place of anlerior and posterior, and
in describing the foot, the tenns plantar and dorsal sur-
faces are used instead of lower and upper surfaces (Fig. 1-
1). The terms proximal and distal describe the relative
distances from the roots of the limbs: for example, the arm
is proximal to the forearm and the hand is distal to the fore-
arn.

The terms superficial and deep denote the relative dis-
tances of structures from the surface of the body, and the
terms superior and inferior denote levels relatively high or
low with reference to the upper and lower ends of the body.

The terms internal and external are used lo describe
the relative distance of a structure from the center of an or-
gan or cavity: for example, the internal carotid artery is
found inside the cranial cavity and the external carotid
artery is found outside the cranial cavity.

The term ipsilateral refers to the same side of the body;
lor example. the lefl hand and leflt fool are ipsilateral.
Contralateral reflers to opposite sides of the body; for ex-
ample. the left biceps brachii muscle and the right rectus
femoris muscle are contralateral.

The supine position of the body is lying on the back. The
prone position is lving face downward
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Figure 1-1  Anatomic terms used in relation to position. Note that subjects are standing in

anatomic position.
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TERMS RELATED TO MOVEMENT

A site where two or more bones come together is known as
a joint. Some joints have no movement (sutures of skull),
some have only slight movement (superior tibiofibular
joint), and some are freely movable (shoulder joint}.

Flexion is a movement that takes place in a sagittal
plane. For example, flexion of the elbow joint approxi-
mates the anterior surface of the forearm to the anterior
surface of the arm. It is usually an anterior movement, but
it is occasionally posterior, as in the case of the knee joint
(Fig. 1-2). Extension means straightening the joint and
usually takes place in a posterior direction (Fig. 1-2).
Lateral flexion is a movement of the trunk in the coronal
plane (Fig. 1-3).

Abduction of a limb is the movement away from the
midline of the body in the coronal plane (Fig. 1-2).
Adduction of a limb is the movement toward the body in the
coronal plane (Fig. 1-2). In the fingers and toes, abduction is
applied to the spreading of these structures and adduction
is applied to the drawing together of these structures (Fig. 1-
3). The movements of the thumb (Fig. 1-3), which are a little
more complicated, are described on chap 9 .
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of shoulder joint
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Figure 1-2 Some anatomic terms used in relation to movement. Note the difference between flex-

ion of the elbow and of the knee.
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Rotation is the term applied to the movement of a part of
the body around its long axis. Medial rotation is the move-
ment that results in the anterior surface of the part facing me-
dially. Lateral rotation is the movement that results in the
antenor surface of the part facing laterally. Pronation of the
forearm is a medial rotation of the forearm in such a man-
ner that the palm of the hand faces posteriorly (Fig. 1-3).
Supination of the forearm is a lateral rotation of the fore-
arm from the pronated position so that the palm of the hand
comes to face anteriorly (Fig. 1-3).

Circumduction is the combination in sequence of the
movements of flexion, extension, abduction, and adduction
(Fig. 1-2).
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lateral flexion
of trunk
¢ ol L 2

supination of forearm pronation of forearm
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inversion of foot eversion of foot adduction of fingers
et il o L L RO

abduction of fingers
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adduction of thumb

™, g dq
TN il @ h opposition of thumb (725
s Al . ¥ . &
flexion of thumb ~ X \} abduction % and lttle finger
5 - ko) IR BT
tle¥l o i of thumb gl e gyl

extension of thumb
pe¥l

Figure 1-3 Additional anatomic terms used in relation to movement.
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Basic Structures

SKIN

The skin is divided into two distinct parts: the superficial
part, the epidermls and the deep part, the dermis (Fig. 1-
4). The epidermis is a stratified epithelium whose cells be-
come flattened as they mature and rise to the surface. On
the paii:s of the hands and the scles of the feet, the epider-
mis is extremely thick, to withstand the wear and tear that
occurs in these regions. In other areas of the body, for ex-
ample, on the anterior surface of the arm and forearm, it is
thin. The dermis is composed of dense connective tissue
containing many blood vessels, lymphatic vessels, and
nerves. It shows considerable variation in thickness in dif-
ferent parts of the body, tending to be thinner on the ante-
rior than the posterior surface. It is thinner in women than in
men. The dermis of the skin is connected to the underlying
deep fascia or bones by the superficial fascia, otherwise
known as subcutaneous tissue.

in the dermis the bundles of collagen fibers are mostly ar-

ranged in parallel rows. A surgical incision through the skin
made along or between these rows causes the minimurmn of
disruption of the collagen, and the wound heals with the
minimum of scar tissue. Conversely, an incision made
across the rows of collagen disrupts and disturbs it, resulting
in the massive production of fresh collagen and the forma-
tion of a broad, ugly scar. The direction of the rows of colla-
gen is known as the lines of cleavage (Langer's lines), and
they tend to run longitudinally in the limbs and circumfer-
entially in the neck and trunk (Fig. 1-5).

The skin over joints always folds in the same place, the
skin creases (Fig. 1-6). At these sites the skin is thinner than
elsewhere and is firmly tethered to underlying structures by
strong bands of fibrous tissue.

The appendages of the skin are the nails, hair follicles,
sebaceous glands, and sweat glands.

The nails are keratinized plates on the dorsal surfaces of
the tips of e fingers and toes. The proximal edge of the
plate is the root of the nail (Fig. 1-6). With the exception o
the distal edge of the plate, the nail is surrounded and over-
lapped by folds of skin known as nail folds. The surface of
skin covered by the nail is the nail bed (Fig. 1-6).

Hairs grow out of follicles, which are invaginations of
the epidermis into the dermis (Fig. 1-4). The follicles lie
obliquely to the skin surface, and their expanded extremi-
ties, called hair bulbs, penetrate to the deeper part of the
dermis. Each hair bulb is concave at its end, and the con-
cavity is occupied by vascular connective tissue called hair
papilla. A band of smooth muscle, the arrector pili, con-
nects the undersurface or the follicle to the superficial part
of the dermis (Fig. 1-4). The muscle is innervated by sympa-
thetic nerve fibers and its contraction causes the hair to
move into a more vertical position; it also compresses the se-
haceous gland and causes it to extrude some of its secre-
tion. The pull of the muscle also causes dimpling of the skin
surface, so-calied gooseflesh. Hairs are distributed in vari-
ous numbers over the whole surface of the body except the
lips, the palms of the hands, the sides of the fingers, the glans
penis and clitoris, the labia minora and the internal surface
of the labia majora. and the soles and sides of the feet and
the sides of the loes.
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Figure 1-4  General structure of skin and its relationship to the superficial fascia. Note that hair fol-
licles extend down into the deeper part of the dermis or even into the superficial fascia, whereas
sweat glands extend deeply into the superficial fascia.
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Figure 1-5 Cleavage line of the skin

(modified from Last).
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Figure 1-6 The various skin creases on the palmar surface of the hand and the anterior surface of
the wrist joint. The relationship of the nail to other structures of the finger is also shown.
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Sebaceous glands pour their secretion, the sebum, onto
the shafts of the hairs as they pass up through the necks of
the follicles. They are situated on the sloping understirface
of the follicles and lie within the dermis (Fig. 14). Sebum is
an oily material that helps preserve the flexibility of the
emerging hair. It also oils the surface epidermis around the
mouth of the follicle.

Sweat glands are long, spiral, tubular glands distributed
over the surface of the body except the red margins of the
lips, the nail beds, and the glans penis and clitoris (Fig. 14).
These glands extend through the full thickness of the der-
mis, and their extremities may lie in the superficial fascia.
The sweat glands are therefore the most deeply penetrating
structures of all the epidermal appendages.

FASCIAE

The fasciae of the body can be divided into two types, su-
perficial and deep, and lie between the skin and the un-
derlying muscles and bones.

The supe.ficial fascia, or subcutaneous tissue, is a mix-
ture of loose areolar and adipose tissue that unites the der-
mis of the skin to the underlying deep fascia (Fig. 1-7). In the
scalp, the back of the neck, the palms of the hands, and the
soles of the feet, it contains numerous bundles of collagen
fibers that hold the skin firmly to the deeper structures. In
the eyelids, auricle of the ear, penis and scrotum, and cli-
toris, it is devoid of adipose tissue.
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Figure 1-7  Section through the middle of the right arm showing arrangement of superficial and
deep fascia. Note how fibrous septa extend between groups of muscles, dividing the arm into fas-

cial compartments.
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The deep fascia is a membranous layer of connective tis-
sue that invests the muscles and other deep structures (Fig.
1-7). In the neck it forms well-defined layers that may play an
important role in determining the path taken by pathogenic
organisms during the spread of infection. In the thorax and
abdomen it is merely a thin film of areolar tissue covering
the muscles and aponeuroses. In the limbs it forms a definite
sheath around the muscles and other structures, holding
them in place. Fibrous septa extend from the deep surface
of the membrane, between the groups of muscles, and in
many places divide the interior of the limbs into compart-
ments (Fig. 1-7). In the region of joints the deep fascia may
be considerably thickened to form restraining bands called
retinacula (Fig. 1-8). Their function is to hold underlying
tendons in position or to serve as pulleys around which the
tendons may move.

MUSCLE

The three types of muscle are skeletal, smooth, and cardiac.

Skeletal Muscle

Skeletal muscles produce the movements of the skeleton;
they are sometimes called voluntary muscles and are
made up of striped muscle fibers. A skeletal muscle has two
or more attachments. The attachment that moves the least is
referred to as the origin, and that that moves the most, the
insertion (Fig. 1-9). Under varying circumstances the de-
gree of mobility of the attachments may be reversed, and
therefore the terms origin and insertion are interchangeable.
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Figure 1-8 Origin, insertion, and belly of gastrocnemius muscle.
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The fleshy part of the muscle is referred to as its belly
(Fig. 1-9). The ends of a muscle are attached to bones, carti-
lage, or ligaments by cords of fibrous tissue called tendons
(Fig. 1-10). Occasionally, flattened muscles are attached by
a thin but strong sheet of fibrous tissue called an aponeu-
rosis (Fig. 1-10). A raphe is an interdigitation of the tendi-
nous ends of fibers of flat muscles (Fig. 1-10).

Internal Structure of Skeletal Muscle

The muscle fibers are bound together with delicate areolar
tissue, which is condensed on the surface to form a fibrous
envelope, the eplmysium. The individual fibers of a muscle
are arranged either parallel or oblique to the long axis of the
muscle (Fig. 1-11). Because a muscle shortens by one-third
to one-half its resting length when it contracts, it follows that
muscles whose fibers run parallel to the line of pull will
bring about a greater degree of movement compared with
those whose fibers run obliquely. Examples of muscles with
parallel fiber arrangements (Fig. 1-11) are the sternocleido-
mastoid, the rectus abdominis, and the sartorius.

Muscles whose fibers run obliquely to the line of pull are
referred to as pennate muscles (they resemble a feather)
(Fig. 1-11). A unipennate muscle is one in which the ten-
don lies along one side of the muscle and the muscle fibers
pass obliquely to it (e.g., extensor digitorum longus). A
bipennate muscle is one in which the tendon lies in the
center of the muscle and the muscle fibers pass to it from
two sides (e.g., rectus femoris). A multipennate muscle
(a) may be arranged as a series of bipennate muscles lying
alongside one another (e.g., acromial fibers of the deltoid)
or (b) may have the tendon lying within its center and the
muscle fibers passing to it from all sides, converging as they
go (e.g., tibialis anterior),
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Figure 1-8 Extensor retinaculum on the posterior surface of

the wrist holding underlying tendons of extensor muscles

in position.
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common tendon for the insertion
of the gastrocnemius and
soleus muscles
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Figure 1-10  Examples of a tendon (1), an aponeurosis (2), and a raphe (3).
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For a given volume of muscle substance, pennate mus-
cles have many more fibers compared with muscles with
parallel fiber arrangements and are therefore more power-
ful; in other words, range of movement has been sacrificed
to strength.

Skeletal Muscle Tone and Action

A motor unit consists of a motor neuron in the anterior gray
horn or column of the spinal cord and all the muscle fibers
it supplies (Fig. 1-12). In a large buttock muscle, such as the
gluteus maximus, where fine control is unnecessary, a given
motor neuron may supply as many as 200 muscle fibers. In
contrast, in the small muscles of the hand or the extrinsic
muscles of the eyeball, where fine control is required, one
nerve fiber supplies only a few muscle fibers.
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Figure 1-11

Different forms of internal structure of skeletal muscle. A relaxed and a contracted

muscle are also shown; note how the muscle fibers, on contraction, shorten by one third to one
half of their resting length. Note also how the muscle swells.
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While resting, every skeletal muscle is in a partial state of
contraction. This condition is referred to as muscle tone.
Because muscle fibers are either fully contracted or fully re-
laxed, with no intermediate stage, it follows that a few mus-
cle fibers within a muscle are fully contracted all the time.
To bring about this state and to avoid fatigue, different
groups of motor units, and thus different groups of muscle
fibers, are brought into action at different times. This is ac-
complished by the asynchronous discharge of nervous im-
pulses in the motor neurons in the anterior gray horn of the
spinal cord.
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Figure 1-12 Components of a motor unit.
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Basically, muscle tone depends on the integrity of a sim-
ple monosynaptic reflex arc composed of two neurons in
the nervous system (Fig. 1-13). The degree of tension in a
muscle is detected by sensitive sensory endings called mus-
cle spindles and tendon spindles (Fig. 1-13). The nervous
impulses travel in the afferent neurons that enter the spinal
cord. There, they synapse with the motor neurons in the an-
terior gray horn, which, in turn, send impulses down their
axons to the muscle fibers (Fig. 1-13). If the afferent or effer-
ent pathways of this simple reflex arc were cut, the muscle
would immediately lose its tone and become flaccid. A flac-
cid muscle on palpation feels like a mass of dough and has
completely lost its resilience. It quickly atrophies and be-
comes reduced in volume. The degree of activity of the mo-
tor anterior horn cells, and therefore the degree of muscle
tone, depends on the summation of the nerve impulses re-
ceived by these cells from other neurons of the nervous sys-
temn.

Muscle movement is accomplished by bringing into ac-
tion increasing numbers of motor units and at the same time
reducing the activity of the motor units of muscles that will
oppose or antagonize the movement. When the maximum
effort is required, all the motor units of a muscle are thrown
into action.

All movements are the result of the coordinated action of
many muscles. However, to understand a muscle’s action it
is necessary to study it individually.

A muscle may work in the following four ways:

® Prime mover: A muscle is a prime mover when it is the
chief muscle or member of a chief group of muscles re-
sponsible for a particular movement. For example, the
quadriceps femoris is a prime mover in the movement of
extending the knee joint (Fig. 1-14).

e Antagonist: Any muscle that opposes the action of the
prime mover is an antagonist. For example, the biceps
femoris opposes the action of the quadriceps femoris
when the knee joint is extended (Fig. 1-14). Before a
prime mover can contract, the antagonist muscle must be
equally relaxed; this is brought about by nervous reflex in-
hibition.
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e Fixator: This is a muscle that contracts isometrically (i.e.,
contraction increases the tone but does not in itself pro-
duce movement) to stabilize the origin of the prime
mover so that it can act efficiently. For example, the mus-
cles attaching the shoulder girdle to the trunk contract as
fixators to allow the deltoid to act on the shoulder joint
(Fig. 1-14).

e Synergist: [n many locations in the body the prime
mover muscle crosses several joints before it reaches the
joint at which its main action takes place. To prevent un-
wanted movements in an intermediate joint, groups of
muscles called synergists contract and stabilize the inter-
mediate joints. For example, the flexor and extensor mus-
cles of the carpus contract to fix the wrist joint, and this al-
lows the long flexor and extensor muscles of the fingers to
work efficiently (Fig. 1-14).

These terms are applied to the action of a particular mus-
cle during a particular movement; many muscles can act as
a prime mover, an antagonist, a fixator, or a synergist, de-
pending on the movement to be accomplished.
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Figure 1-13  A. Simple reflex
arc consisting of an afferent
neuron arising from muscle
spindles and tendon spindles
and an efferent neuron
whose cell body lies in the
anterior gray horn of the
spinal cord. B. Axon from
motor neuron ending on
muscle fiber at motor end
plate. C. Structure of muscle
spindle.
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Figure 1-14 Different types of
muscle action. A. Quadriceps
femoris extending knee as a
prime mover and biceps
femoris acting as antagonist.
B. Biceps femoris flexing knee
as a prime mover and quadri- A
ceps acting as antagonist.

C. Muscles around shoulder
girdle fixing scapula so that
movement of abduction can
take place at the shoulder joint.
D. Flexor and extensor mus-
cles of carpus acting as synger-
gists and stabilizing carpus so
that long flexor and extensor
tendons can flex and extend
fingers.
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Nerve Supply of Skeletal Muscle

The nerve trunk to a muscle is a mixed nerve, about 60% be-
ing motor and 40% being sensory, and it also contains some
sympathetic autonomic fibers, The nerve enters the muscle
at about the midpoint on its deep surface, often near the
margin; the place of entrance is known as the motor point.
This arrangement allows the muscle to move with minimum
interference with the nerve trunk.

The motor fibers are of two types: the larger alpha
fibers derived from large cells in the anterior gray horn and
the smaller gamma fibers derived from smaller cells in the
spinal cord. Each fiber is myelinated and ends by dividing
into many branches, each of which ends on a muscle fiber
at the motor end plate (Fig. 1-13). Each muscle fiber has at
least one motor end plate; longer fibers possess more.
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The sensory fibers are myelinated and arise from spe-
cialized sensory endings lying within the muscle or tendons
called muscle spindles or tendon spindles, respectively.
These endings are stimulated by tension in the muscle,
which may occur during active contraction or by passive
stretching. The function of these sensory fibers is to convey
to the central nervous system information regarding the de-
gree of tension of the muscles. This is essential for the main-
tenance of muscle tone and body posture and for carrying
out coordinated voluntary movements.

The sympathetic fibers are nonmyelinated and pass to
the smooth muscle in the walls of the blood vessels supply-
ing the muscle. Their function is to regulate blood flow to
the muscles.

Naming of Skeletal Muscles

Individual muscles are named according to their shape,
size, number of heads or bellies, position, depth, attach-
ments, or actions. Some examples of muscle names are
shown in Table 1-1.

Smooth Muscle

Smooth muscle consists of long, spindle-shaped cells
closely arranged in bundles or sheets. In the tubes of the
body it provides the motive power for propelling the con-
tents through the lumen. In the digestive system it also
causes the ingested food to be thoroughly mixed with the di-
gestive juices. A wave of contraction of the circularly ar-
ranged fibers passes along the tube, milking the contents on-
ward. By their contraction the longitudinal fibers pull the
wall of the tube proximally over the contents. This method
of propulsion is referred to as peristalsis.

In storage organs such as the urinary bladder or the
uterus, the fibers are irregularly arranged and interlaced
with one another. Their contraction is slow and sustained
and brings about expulsion of the contents of the organs. In
the walls of the blood vessels the smooth muscle fibers are
arranged circularly and serve to modify the caliber of the lu-
men.

Depending on the organ, smooth muscle fibers may be
made to contract by local stretching of the fibers, by nerve im-
pulses fror autonomic nerves, or by hormonal stimulation.

Cardiac Muscle

Cardiac muscle consists of striated muscle fibers that
branch and unite with each other. It forms the myocardium
of the heart. Its fibers tend to be arranged in whorls and spi-
rals, and they have the property of spontaneous and rhyth-
mical contraction. Specialized cardiac muscle fibers form
the conducting system of the heart.

Cardiac muscle is supplied by autonomic nerve fibers
that terminate in the nodes of the conducting system and in
the myocardium.

JOINTS

A site where two or more bones come together, whether or
not movement occurs between them, is called a joint. Joints
are classified according to the tissues that lie between the
bones: fibrous joints, cartilaginous joints, and synovial
joints.
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Fibrous Joints

The articulating surfaces of the bones are joined by fibrous
tissue (Fig. 1-15), and thus very little movement is possible.
The degree of movement depends on the length of the col-
lagen fibers uniting the bones. The sutures of the vault of the
skull and the inferior tibiofibular joints are examples of fi-
brous joints.

Cartilaginous Joints

Cartilaginous joints can be divided into two types: primary
and secondary. A primary cartilaginous joint is one in
which the bones are united by a plate or bar of hyaline car-
tilage. Thus, the union between the epiphysis and the dia-
physis of a growing bone and that between the first rib and
the manubrium sterni are examples of such a joint. No
movement is possible.

A secondary cartilaginous joint is one in which the
bones are united by a plate of fibrocartilage and the articu-
lar surfaces of the bones are covered by a thin layer of hya-
line cartilage. Examples are the joints between the vertebral
bodies (Fig. 1-15) and the symphysis pubis. A small
amount of movement is possible.

Synovial Joints

The articular surfaces of the bones are covered by a thin
layer of hyaline cartilage separated by a joint cavity (Fig. 1-
15). This arrangement permits a great degree of freedom of
movement. The cavity of the joint is lined by synovial
membrane, which extends from the margins of one articu-
lar surface to those of the other. The synovial membrane is
protected on the outside by a tough fibrous membrane re-
ferred to as the capsule of the joint. The articular surfaces
are lubricated by a viscous fluid called synovial fluid pro-
duced by the synovial membrane. In certain synovial joints,
for example, in the knee joint, discs or wedges of fibrocarti-
lage are interposed between the articular surfaces of the
bones. These are referred to as articular discs.

Fatty pads are found in some synovial joints lying be-
tween the synovial membrane and the fibrous capsule or
bone. Examples are found in the hip (Fig. 1-15) and knee
joints.

The degree of movement in a synovial joint is limited by
the shape of the bones participating in the joint, the coming
together of adjacent anatomic structures (e.g., the thigh
against the anterior abdominal wall on flexing the hip joint),
and the presence of fibrous ligaments uniting the bones.
Most ligaments lie outside the joint capsule, but in the knee
some important ligaments, the cruciate ligaments, lie
within the capsule (Fig. 1-17).

Synovial joints can be classified according to the ar-
rangement of the articular surfaces and the types of move-
ment that are possible.

e Plane joints: In these joints, the apposed articular sur-
faces are flat or almost flat, and this permits the bones to
slide on one another. Examples of plane joints are the
sternoclavicular and acromioclavicular joints (Fig. 1-16).

e Hinge joints: These joints resemble the hinge on a door,
so that flexion and extension movements are possible.
Examples of hinge joints are the elbow, knee, and ankle
joints (Fig. 1-16).
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3" Table 1-1 Naming of Skeletal Muscles”

Name Shape

Size

Number of
Heads or
Bellies

Position

Depth

Attachments Actions

Deltoid
Teres
Rectus
Major
Latissimus
Longissimus
Biceps
Quadriceps
Digastric
Pectoralis
Supraspinatus

Triangular
Round
Straight

Brachii

Profundus
Superficialis
Externus
Sternocleidomastoid

Coracobrachialis

Extensor
Flexor
Constrictor

Large
Broadest
Longest

Two heads
Four heads
Two bellies

Of the chest

Above spine
of scapula

Of the arm

Deep

Superficial
External

From sternum
and clavicle
to mastoid
process
From coracoid
process
to the arm
Extend
Flex
Constrict

“These names are commonly used in combination, for example, flexor pollicis longus (Jong flexor of the thumb).
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Figure 1-15 Examples of three types of joints: fibrous joint (coronal suture of skull) (A), cartilagi-
nous joint (joint between two lumbar vertebral bodies) (B), and synovial jaint (hip joint) (C).
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e Pivot joints: In these joints, a central bony pivot is sur-
rounded by a bony-ligamentous ring (Fig. 1-16), and rota-
tion is the only movement possible. The atlantoaxial and
superior radioulnar joints are good examples.

e Condyloid joints: These joints have two distinct convex
surfaces that articulate with two concave surfaces. The
movements of flexion, extension, abduction, and adduc-
tion are possible together with a small amount of rotation.
The metacarpophalangeal joints or knuckle joints are
good examples (Fig. 1-16).

e Ellipsoid joints: In these joints, an elliptical convex ar-
ticular surface fits into an elliptical concave articular sur-
face. The movements of flexion, extension, abduction,
and adduction can take place, but rotation is impossible.
The wrist joint is a good example (Fig. 1-16).

e Saddle joints: In these joints, the articular surfaces are re-
ciprocally concavoconvex and resemble a saddle on a
horse's back. These joints permit flexion, extension, ab-

duction, adduction, and rotation. The best example of
this type of joint is the carpometacarpal joint of the thumb
(Fig. 1-16).

e Ball-and-socket joints: In these joints, a ballshaped head
of one bone fits into a socketlike concavity of another.
This arrangement permits free movements, including flex-
ion, extension, abduction, adduction, medial rotation, lat-
eral rotation, and circurnduction. The shoulder and hip
joints are good examples of this type of joint (Fig. 1-16).

Stability of Joints

The stability of a joint depends on three main factors: (a) the
shape, size, and arrangement of the articular surfaces; (b) the
ligaments; and (¢) the tone of the muscles around the joint.

Articular Surfaces

The ball-and-socket arrangement of the hip joint (Fig. 1-17)
and the mortise arrangement of the ankle joint are good ex-
amples of how bone shape plays an important role in joint
stability. Other examples of joints, however, in which the
shape of the bones contributes little or nothing to the stabil-
ity include the acromioclavicular joint, the calcaneocuboid
joint, and the knee joint.

Ligaments

Fibrous ligaments prevent excessive movement in a joint
(Fig. 1-17), but if the stress is continued for an excessively
long period, then fibrous ligaments stretch. For example, the
ligaments of the joints between the bones forming the
arches of the feet will not by themselves support the weight
of the body. Should the tone of the muscles that normally
support the arches become impaired by fatigue, then the lig-
aments will stretch and the arches will collapse, producing
flat feet.

Elastic ligaments, conversely, return to their original
length after stretching. The elastic ligaments of the auditory
ossicles play an active part in supporting the joints and as-
sisting in the return of the bones to their original position af
ter movement.
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Figure 1-16 Examples of different types of synovial joints: plane joints (sternoclavicular and
acromioclavicular joints) (1), hinge joint (elbow joint) (2), pivot joint (atlantoaxial joint) {3), condy-
loid joint (metacarpophalangeal joint) (4), ellipsoid joint (wrist joint) (5}, saddle joint (car-
pometacarpal joint of the thumb) (6), and ball-and-socket joint (hip joint) (7).
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Figure 1-17 The three main factors responsible for stabilizing a joint: shape of articular surfaces

(A), ligaments (B), and muscle tone (C).
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Muscle Tone

In most joints, muscle tone is the major factor controlling
stability. For example, the muscle tone of the short muscles
around the shoulder joint keeps the hemispherical head of
the humerus in the shallow glenoid cavity of the scapula.
Without the action of these muscles, very little force would
be required to dislocate this joint. The knee joint i: very un-
stable without the tonic activity of the quadriceps femoris
muscle. The joints between the small bones forming the
arches of the feet are largely supported by the tone of the
muscles of the leg, whose tendons are inserted into the
bones of the feet (Fig. 1-17).
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Nerve Supply of Joints

The capsule and ligaments receive an abundant sensory
nerve supply. A sensoty nerve sypplying a joint also supplies
the muscles moving the joint and the skin overlying the in-
sertions of these muscles, a fact that has been codified as
Hilton's law. The blood vessels in a joint receive auto-
nomic sympathetic fibers. The cartilage covering the articu-
lar surfaces possesses only a few nerve endings near its
edges. Overstretching of the capsule and ligaments pro-
duces reflex contraction of muscles around the joint; exces-
sive stretching produces pain. The stretch receptors in the
capsule and ligaments are continually sending propriocep-
tive information up to the central nervous system, keeping it
informed of the position of the joints. This supplements the
information passing to the nervous system from the muscle
and tendon spindles, helps maintain postural tone, and co-
ordinates voluntary movements.

The sympathetic fibers control the blood supply to the
joint.
LIGAMENTS

A ligament is a cord or band of connective tissue uniting two
structures. Commonly found in association with joints, liga-
ments are of two types: Most are composed of dense bun-
dles of collagen fibers and are unstretchable under normal
conditions (e.g., iliofemoral ligament of the hip joint and the
collateral ligaments of the elbow joint). The second type is
composed largely of elastic tissue and can therefore regain
its original length after stretching (e.g., ligamentum flavum
of the vertebral column and the calcaneonavicular ligament
of the foot).

BURSAE

A bursa is a lubricating device consisting of a closed
fibrous sac lined with a delicate smooth membrane, Its
walls are separated by a film of viscous fluid. Bursae are
found wherever tendons rub against bones, ligaments, or
other tendons. They are cornmonly found close to joints
where the skin rubs against underlying bony structures, for
example, the prepatellar bursa (Fig. 1-18). Occasionally,
the cavity of a bursa communicates with the cavity of a
synovial joint. For example, the suprapatellar bursa
communicates with the knee joint (Fig. 1-18), and the
subscapularis bursa communicates with the shoulder
joint.

SYNOVIAL SHEATH

A synovial sheath is a tubular bursa that surrounds a tendon.
The tendon invaginates the bursa from one side so that the
tendon becomes suspended within the bursa by a mesoten-
don (Fig. 1-18). The mesotendon enables blood vessels to
enter the tendon along its course. In certain situations, where
the range of movement is extensive, the mesotendon disap-
pears or remains in the form of narrow threads, the vincula
(e.g., the long flexor tendons of the fingers and toes).

Synovial sheaths occur where tendons pass under liga-
ments, retinacula, and through osseofibrous tunnels. Their
function is to reduce friction between the tendon and its sur-
rounding structures.

BLOOD VESSELS

Blood vessels are of three types: arteries, veins, and capillar-
ies (Fig. 1-19).
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Figure 1-18  A. Four bursae related to the front of the knee joint. Note that the suprapatellar bursa
communicates with the cavity of the joint. B. Synovial sheaths around the long tendons of the fin-
gers. C. How tendon indents synovial sheath during development, and how blood vessels reach

the tendon through the mesotendon.
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Arteries transport blood from the heart and distribute it
to the various tissues of the body by means of their
branches (Figs. 1-19 and 1-20). The smallest arteries, less
than 0.1 mm in diameter, are referred to as arterioles. The
joining of branches of arteries is called an anastomosis.
Arteries do not have valves.

Anatomic end arteries (Fig. 1-20) are vessels whose
terminal branches do not anastomose with branches of ar-
teries supplying adjacent areas. Functional end arteries
are vessels whose terminal branches do anastomose with
those of adjacent arteries, but the caliber of the anastomosis
is insufficient to keep the tissue alive should one of the ar-
teries become occluded.
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Veins are vessels that transport blood back to the heart;
many of them possess valves. The smallest veins are called
venules (Fig. 1-20). The smaller veins, or tributaries, unite
to form larger veins, which commonly join with one another
to form venous plexuses. Medium-sized deep arteries are
often accompanied by two veins, one on each side, called
venae comitantes.

Veins leaving the gastrointestinal tract do not go directly
to the heart, but converge on the portal vein; this vein en-
ters the liver and breaks up again into veins of diminishing
size, which ultimately join capillarylike vessels, termed si-
nusoids, in the liver (Fig. 1-20). A portal system is thus a
system of vessels interposed between two capillary beds.

Capillaries are microscopic vessels in the form of a net-
work connecting the arterioles to the venules (Fig. 1-20).

Sinusoids resemble capillaries in that they are thin-
walled blood vessels, but they have an irregular cross diam-
eter and are wider than capillaries. They are found in the
bone marrow, spleen, liver, and some endocrine glands. In
some areas of the body, principally the tips of the fingers
and toes, direct connections occur between the arteries and
veins without the intervention of capillaries. The sites of
such connections are referred to as arteriovenous anasto-
moses (Fig. 1-20).

LYMPHATIC SYSTEM

The lymphatic system consists of lymphatic tissues and lym-
phatic vessels (Fig. 1-21).

Lymphatic tissues are a type of connective tissue that
contains large numbers of lymphocytes. Lymphatic tissue is
organized into the following organs or structures: the thy-
mus, the lymph nodes, the spleen, and the lymphatic nod-
ules. Lymphatic tissue is essential for the immunologic de-
fenses of the body against bacteria and viruses.

Lymphatic vessels are tubes that assist the cardiovas-
cular system in the removal of tissue fluid from the tissue
spaces of the body; the vessels then return the fluid to the
blood. The lymphatic system is essentially a drainage sys-
tem, and there is no circulation. Lymphatic vessels are
found in all tissues and organs of the body except the cen-
tral nervous system, the eyeball, the internal ear, the epider-
mis of the skin, cartilage, and bone.

Lymph is the name given to tissue fluid once it has en-
tered a lymphatic vessel. Lymph capillaries are a network
of fine vessels that drain lymph from the tissues. The capil-
laries are in turn drained by small lymph vessels, which
unite to form large lymph vessels. Lymph vessels have a
beaded appearance because of the presence of numerous
valves along their course.

Before lymph is returned to the bloodstream, it passes
through at least one lymph node and often through several.
The lymph vessels that carry lymph to a lymph node are re-
ferred to as afferent vessels (Fig. 1-21); those that transport
it away from a node are efferent vessels. The lymph reaches
the bloodstream at the root of the neck by large lymph ves-
sels called the right lymphatic duct and the thoracic duct
(Fig. 1-21).

NERVOUS SYSTEM

The nervous system is divided into two main parts: the cen-
tral nervous system, which consists of the brain and spinal
cord, and the peripheral nervous system, which consists
of 12 pairs of cranial nerves and 31 pairs of spinal nerves and
their associated ganglia.
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Functionally, the nervous system can be further divided
into the somatic nervous system, which controls volun-
tary activities, and the autonomic nervous system, which
controls involuntary activities.

The nervous system, together with the endocrine system,
controls and integrates the activities of the different parts of
the body.

Central Nervous System

The central nervous system is composed of large numbers of
nerve cells and their processes, supported by specialized tis-
sue called neuroglia. Neuron is the name given to the
nerve cell and all its processes. The nerve cell has two types
of processes called dendrites and an axon. Dendrites are
the short processes of the cell body; the axon is the longest
process of the cell body (Fig. 1-24).

The interior of the central nervous system is organized
into gray and white matter. Gray matter consists of
nerve cells embedded in neuroglia. White matter consists
of nerve fibers (axons) embedded in neuroglia.
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Peripheral Nervous System

The peripheral nervous system consists of the cranial and
spinal nerves and their associated ganglia. On dissection the
cranial and spinal nerves are seen to be cords of g.ayish
white color. They are made up of bundles of nerve fibers
(axons) supported by delicate areolar tissue.

Cranial Nerves

Twelve pairs of cranial nerves leave the brain and pass
through foramina in the skull. All the nerves are distributed
in the head and neck except the tenth (vagus), which also
supplies structures in the thorax and abdomen. The cranial
nerves are described in Chapter 11.
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During development, the spinal cord grows in length more
slowly than the vertebral column. In the adult, when growth
ceases, the lower end of the spinal cord only reaches inferi-
orly as far as the lower border of the first lumbar vertebra. To
accommodate for this disproportionate growth in length, the
length of the roots increases progressively from above down-
ward. In the upper cervical region, the spinal nerve roots are
short and run almost horizontally, but the roots of the lumbar
and sacral nerves below the level of the termination of the
cord form a vertical bundle of nerves that resembles a horse’s
tail and is called the cauda equina (Fig. 1-22).

Each spinal nerve is connected to the spinal cord by two
roots: the anterior root and the posterior root (Figs. 1-23
and 1-24). The anterior root consists of bundles of nerve
fibers carrying nerve impulses away from the central ner-
vous system (Fig. 1-24). Such nerve fibers are called effer-
ent fibers. Those efferent fibers that go to skeletal muscle
and cause them to contract are called motor fibers. Their
cells of origin lie in the anterior gray horn of the spinal cord.

The posterior root consists of bundles of nerve fibers that
carry impulses to the central nervous system and are called
afferent fibers (Fig. 1-24). Because these fibers are con-
cerned with conveying information about sensations of
touch, pain, temperature, and vibrations, they are called
sensory fibers. The cell bodies of these nerve fibers are sit-
uated in a swelling on the posterior root called the poste-
rior root ganglion (Figs. 1-23 and 1-24).

At each intervertebral foramen the anterior and posterior
roots unite to form a spinal nerve (Fig. 1-23). Here, the motor
and sensory fibers become mixed together, so that a spinal
nerve is made up of a mixture of motor and sensory fibers
(Fig. 1-24). On emerging from the foramen, the spinal nerve
divides into a large anterior ramus and a smaller posterior
ramus. The posterior ramus passes posteriorly around the
vertebral column to supply the muscles and skin of the back
(Figs. 1-23 and 1-24). The anterior ramus continues anteriorly
to supply the muscles and skin over the anterolateral body
wall and all the muscles and skin of the limbs.

In addition to the anterior and posterior rami, spinal
nerves give a small meningeal branch that supplies the ver-
tebrae and the coverings of the spinal cord (the meninges).
Thoracic spinal nerves also have branches called rami
communicantes that are associated with the sympathetic
part of the autonomic nervous system (see below).

Plexuses

At the root of the limbs, the anterior rami join one another to
form complicated nerve plexuses (Fig. 1-22). The cervical
and brachial plexuses are found at the root of the upper
limbs, and the lumbar and sacral plexuses are found at
the root of the lower limbs.

The classic division of the nervous system into central
and peripheral parts is purely artificial and one of descrip-
tive convenience because the processes of the neurons pass
freely between the two. For example, a motor neuron lo-
cated in the anterior gray horn of the first thoracic segment
of the spinal cord gives rise to an axon that passes through
the anterior root of the first thoracic nerve (Fig. 1-25),
through the brachial plexus, travels down the arm and fore-
arm in the ulnar nerve, and finally reaches the motor end
plates on several muscle fibers of a small muscle of the
hand—a total distance of about 3 ft (90 cm).
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To take another example: Consider the sensation of
touch felt on the lateral side of the little toe. This area of skin
is supplied by the first sacral segment of the spinal cord (S1).
The fine terminal branches of the sensory axon, called den-
drites, leave the sensory organs of the skin and unite to
form the axon of the sensory nerve. The axon passes up the
leg in the sural nerve (Fig. 1-25) and then in the tibial and
sciatic nerves to the lumbosacral plexus. It then passes
through the posterior root of the first sacral nerve to reach
the cell body in the posterior root ganglion of the first sacral
nerve. The central axon now enters the posterior white col-
umn of the spinal cord and passes up to the nucleus gracilis
in the medulla oblongata—a total distance of about 5 ft
(1 1/2 m). Thus, a single neuron extends from the little toe
to the inside of the skull.

Both these examples illustrate the extreme length of a sin-
gle neuron.

Autonomic Nervous System

The autonomic nervous system is the part of the nervous sys-
tem concerned with the innervation of involuntary struc-
tures such as the heart, smooth muscle, and glands through-
out the body and is distributed throughout the central and
peripheral nervous system. The autonomic systemn may be
divided into two parts—the sympathetic and the parasym-
pathetic—and both parts have afferent and efferent nerve
fibers.

The activities of the sympathetic part of the autonomic
system prepare the body for an emergency. [t accelerates
the heart rate, causes constriction of the peripheral blood
vessels, and raises the blood pressure, The sympathetic part
of the autonomic system brings about a redistribution of the
blood so that it leaves the areas of the skin and intestine and
becomes available to the brain, heart, and skeletal muscle.
At the same time it inhibits peristalsis of the intestinal tract
and closes the sphincters.

The activities of the parasympathetic part of the auto-
nomic system aim at conserving and restoring energy. They
slow the heart rate, increase peristalsis of the intestine and
glandular activity, and open the sphincters.

Sympathetic System

Efferent Fibers The gray matter of the spinal cord, from
the first thoracic segment to the second lumbar segment,
possesses a lateral horn, or column, in which are located the
cell bodies of the sympathetic connector neurons (Fig. 1-
26). The myelinated axons of these cells leave the spinal
cord in the anterior nerve roots and then pass via the white
rami communicantes to the paravertebral ganglia of the
sympathetic trunk (Figs. 1-23, 1-26, and 1-27). The con-
nector cell fibers are called preganglionic as they pass to a
peripheral ganglion. Once the preganglionic fibers reach
the ganglia in the sympathetic trunk, they may pass to the
following destinations:

I. They may terminate in the ganglion they have entered by

svnapsing with an excitor cell in the ganglion (Fig. 1-26).
A synapse can be defined as the site where two neurons
come into close proximity but not into anatomic conti-
nuity. The gap between the two neurons is bridged by a
neurotransmitter substance, acetylcholine. The axons
of the excitor neurons leave the ganglion and are non-
mvelinated. These postganglionic nerve fibers now pass
to the thoracic spinal nerves as gray rami communi-
cantes and are distributed in the branches of the spinal
nerves to supply the smooth muscle in the walls of blood
vessels. the sweat glands, and the arrector pili muscles of
the skin.
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Figure 1-25 Two neurons that pass from the central to the peripheral nervous system. A. Afferent
neuron that extends from little toe to brain. B. Efferent neuron that extends from the anterior gray
horn of the first thoracic segment of spinal cord to the smali muscle of the hand.
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high up in the thorax may travel up in the sympathetic
trunk to the ganglia in the cervical region, where they
synapse with excitor cells (Figs. 1-26 and 1-27). Here,
again, the postganglionic nerve fibers leave the sympa-
thetic trunk as gray rami communicantes, and most of
them join the cervical spinal nerves. Many of the pregan-
glionic fibers entering the lower part of the sympathetic
trunk from the lower thoracic and upper two lumbai seg-
ments of the spinal cord travel down to ganglia in the
lower lumbar and sacral regicns, where they synapse
with excitor cells (Fig. 1-27). The postganglionic fibers
leave the sympathetic trunk as gray rami communicantes
that join the lumbar, sacral, and coccygeal spinal nerves.
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Figure 1-26 General arrangement of somatic part of nervous system (on left) compared with auto-

nomic part of nervous system (on right).
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3. The preganglionic fibers may pass through the ganglia on
the thoracic part of the sympathetic trunk without synaps-
ing. These myelinated fibers form the three splanchnic
nerves (Fig. 1-27). The greater splanchnic nerve arises
from the fifth to the ninth thoracic ganglia, pierces the di-
aphragm, and synapses with excitor cells in the ganglia of
the celiac plexus. The lesser splanchnic nerve arises
from the tenth and eleventh ganglia, pierces the di-
aphragm, and synapses with excitor cells in the ganglia of
the lower part of the celiac plexus. The lowest splanch-
nic nerve (when present) arises from the twelfth tho-
racic ganglion, pierces the diaphragm, and synapses with
excitor cells in the ganglia of the renal plexus.
Splanchnic nerves are therefore composed of pregan-
glionic fibers. The postganglionic fibers arise from the ex-
citor cells in the peripheral plexuses previously noted
and are distributed to the smooth muscle and glands of
the viscera. A few preganglionic fibers traveling in the
greater splanchnic nerve end directly on the cells of the
suprarenal medulla. These medullary cells may be re-
garded as modified sympathetic excitor cells.

Sympathetic trunks are two ganglionated nerve trunks
that extend the whole length of the vertebral column (Fig. 1-
27). There are 3 ganglia in each trunk of the neck, 11 or 12
ganglia in the thorax, 4 or 5 ganglia in the lumbar region,
and 4 or 5 ganglia in the pelvis. The two trunks lie close to
the vertebral column and end below by joining together to
form a single ganglion, the ganglion impar.
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Afferent Fibers The afferent myelinated nerve fibers
travel from the viscera through the sympathetic ganglia with-
out synapsing (Fig. 1-26). They enter the spinal nerve via the
white rami communicantes and reach their cell bodies in
the posterior root ganglion of the corresponding spinal
nerve. The central axons then enter the spinal cord and may
form the afferent component of a local reflex arc. Others
may pass up to higher autonomic centers in the brain.

Parasympathetic System

Efferent Fibers The connector cells of this part of the
system are located in the brain and the sacral segments of
the spinal cord (Fig. 1-27). Those in the brain form parts of
the nuclei of origin of cranial nerves IlI, VII, IX, and X, and
the axons emerge from the brain contained in the corre-
sponding cranial nerves.

The sacral connector cells are found in the gray matter of
the second, third, and fourth sacral segments of the cord.
These cells are not sufficiently numerous to form a lateral
gray horn, as do the sympathetic connector cells in the tho-
racolumbar region. The myelinated axons leave the spinal
cord in the anterior nerve roots of the corresponding spinal

nerves. They then leave the sacral nerves and form the
pelvic splanchnic nerves.

All the efferent fibers described so far are preganglionic,
and they synapse with excitor cells in peripheral ganglia,
which are usually situated close to the viscera they inner-
vate. The cranial preganglionic fibers relay in the ciliary,
pterygopalatine, submandibular, and otic ganglia (Fig.
1-27).The preganglionic fibers in the pelvic splanchnic
nerves relay in ganglia in the hypogastric plexuses or in the
walls of the viscera. Characteristically, the postganglionic
fibers are nonmyelinated and are relatively short compared
with sympathetic postganglionic fibers.

Afferent Fibers The afferent myelinated fibers travel
from the viscera to their cell bodies located either in the sen-
sory ganglia of the cranial nerves or in the posterior root gan-
glia of the sacrospinal nerves. The central axons then enter
the central nervous system and take part in the formation of
local reflex arcs, or pass to higher centers of the autonomic
nervous system.

The afferent component of the autonomic system is iden-
tical to the afferent component of somatic nerves and forms
part of the general afferent segment of the entire nervous
system. The nerve endings in the autonomic afferent com-
ponent may not be activated by such sensations as heat or
touch but instead by stretch or lack of oxygen. Once the af-
ferent fibers gain entrance to the spinal cord or brain, they

are thought to travel alongside, or are mixed with, the so-
matic afferent fibers.

MUCOUS MEMBRANES

Mucous membrane is the name given to the lining of organs
or passages that communicate with the surface of the body. A
mucous membrane consists essentially of a layer of epithe-
lium supported by a layer of connective tissue, the lamina
propria. Smooth muscle, called the muscularis mucosa, is
sometimes present in the connective tissue. A mucous mem-
brane may or may not secrete mucus on its surface.

il s i Y Bl el CUNI E B 41 LY

f o e (Sl eaall iy (26-1 JK2U) Bles 0 ys 3
] A S 3 s plad ) sty clia i Ao
T R L T E N RO PR PN
e R S LTS RS PSP UN S

Bl el @iy 1015 5§10 ) st O (=

gl dent] B
G A At a0 i) 2o L1 DKM 55 28yl SUY)

LU el JS 25y (27-1) (530l ot o ol il Lot
Ll el s Lo ) Sl gl el Lol 3 20 20
DlaeW s L) e g sy g 5 XIX, VILIIT

AU T

U T ol o] gl 3501 (8 2 ol 2ot ) LS o

JSad LS 2 Lasae L ol o S e
el (3 35 5o 4 A gl Aol LV e LS Ll Lylonza U 3
I e (S A el ) A U Al )

Slasl ol o ey (@l S nl Olae Ll dadll
o i sl S

sl J3 O e 01 o 5, E palall WY ey
A ele piss B i i 3 L L e LS
Al dall (3 5l 3 el UYL 2y g b cLea
A 271 S5y ety Ml il Cf g A8 Aid
Sadsht sliall dde 3 o b &bl OlasYl g sk |3 SUY
il Y i iy DLW 050 S 1Sy sles Y1 Ol 8
Jga  5dall dmy SUYI e s st 3 jead

el e el Ba 1, 0 LI 5 s 1 DU
e (3 ol el Olaed il dia (3 Ul s ) W plod
S s U5 ey &Sl el Olas Al
S A3 S5 3 g RSN A 2 )
A Aandl At 3 Sl S L E T sl

e 2 0 SU R 3 L A0 Akt o 510 050 0
anl Lol oLl o)l ol o e JSC0 5 Rl OlaeW
A ALt r 21l 0 Sl Bl il o Y o S (S
a5 adadly I3 0 OF S ST el 50 LS ol
Sy o el o S e sl U o5 L e
il 53 ) SUY e el il ) s i

Ao ALsa Y ¢

YA I U VPV P T | S PO, | R St PP A B
\é_,Lﬁ.fJ_(;d_ bt sl Lally b gt Jag Ao
a_zfﬁ.ajiq.a”wkc,_&yu@_wma)q_wyuﬁby
g 3 Ul{ abladl Aaaly o ells oM a5 L Bp gl
amdan Jo Wb e Y Ly bl slid o e, plall

—_— daudae :J,‘m Jaall



ciliar aygh a.u.h

eye O ‘u.!l
lacimal gland &seddl s
submandibular and sublingual salivary glands

- g
- S Sl of g i) Sl o aplalll sl
= s olle D parotid gland 2451 544
o T N s
oty e == heart .l
= [~
= ,//’,/ :% lungs otz )
= ”
]:g o e ‘2/// ]
14 = - ’,;; m. stomach sl
T4 e " Tceliac ¢. .
15 — i IS small intestine 23l sl
T6 e
TT37 — suprarenal gland s s
T9 —
T10 = kidney 2 1sh
D —— *
= 04,5
= = colon o, S
S2 o
S3 Tt
54 A

pelvic splanchnic nerve 1

rectum pizdi

urinary bladder

B

SEX 0rgans A slasyl

¢

Figure 1-27 Efferent part of autonomic nervous system. Preganglionic parasympathetic fibers are
shown in solid blue; postganghomc parasympathetic fibers, in interrupted blue. Preganglionic
sympathetic fibers are shown in solid red; postganglionic sympathetic fibers, in interrupted red.
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SEROUS MEMBRANES

Serous membranes line the cavities of the trunk and are re-
flected onto the mobile viscera lying within these cavities
(Fig. 1-28). They consist of a smooth layer of mesothelium
supported by a thin layer of connective tissue. The serous
membrane lining the wall of the cavity is referred to as the
parietal layer, and that covering the viscera is called the
visceral layer. The narrow, slitlike interval that separates
these layers forms the pleural, pericardial, and peri-
toneal cavities and contains a small amount of serous lig-
uid, the serous exudate. The serous exudate lubricates the
surfaces of the membranes and allows the two layers to slide
readily on each other.
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The mesenteries, omenta, and serous ligaments are de-

scribed in other chapters of this book.

The parietal layer of a serous membrane is developed
from the somatopleure and is richly supplied by spinal
nerves. It is therefore sensitive to all common sensations
such as touch and pain. The visceral layer is developed from
the splanchnopleure and is supplied by autonomic nerves.
It is insensitive to touch and temperature but very sensitive
to stretch.

BONE

Bone is a living tissue capable of changing its structure as
the result of the stresses to which it is subjected. Like other
connective tissues, bone consists of cells, fibers, and ma-
trix. It is hard because of the calcification of its extracellu-
lar matrix and possesses a degree of elasticity because of
the presence of organic fibers. Bone has a protective func-
tion; the skull and vertebral column, for example, protect
the brain and spinal cord from injury; the sternum and ribs
protect the thoracic and upper abdominal viscera (Fig. 1-
29). It serves as a lever, as seen in the long bones of the
limbs, and as an important storage area for calcium salts. It
houses and protects within its cavities the delicate blood-
forming bone marrow.

Bone exists in two forms, compact and cancellous.
Compact bone appears as a solid mass; cancellous bone
consists of a branching network of trabeculae (Fig. 1-30).
The trabeculae are arranged in such a manner as to resist
the stresses and strains to which the bone is exposed.

Classification of Bones

Bones may be classified regionally or according to their gen-
eral shape. The regional classification is summarized in
Table 1-2. Bones are grouped as follows based on their gen-
eral shape: (a) long bones, (b) short bones, (¢) flat bones,
(d) irregular bones, and (e) sesamoid bones.

Long Bones
Long bones are found in the limbs (e.g., the humerus, femur,
metacarpals, metatarsals, and phalanges). Their length is
greater than their breadth. They have a tubular shaft, the dia-
physis, and usually an epiphysis at each end. During the
growing phase, the diaphysis is separated from the epiphysis
by an epiphyseal cartilage. The part of the diaphysis that lies
adjacent to the epiphyseal cartilage is called the metaphysis.
The shaft has a central marrow cavity containing bone mar-
row. The outer part of the shaft is composed of compact bone
that is covered by a connective tissue sheath, the periosteum.
The ends of long bones are composed of cancellous
bone surrounded by a thin layer of compact bone. The ar-
ticular surfaces of the ends of the bones are covered by hya-
line cartilage.

Figure 1-28  Arrangement of pleura within the thoracic cav-
ity. Note that under normal caonditions the pleural cavity is
a slitlike space, with parietal and visceral layers of pleura
being separated by a small amount of serous fluid.
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Short Bones

Short bones are found in the hand and foot (e.g., the
scaphoid, lunate, talus, and calcaneum). They are roughly
cuboidal in shape and are composed of cancellous bone
surrounded by a thin layer of compact bone. Short bones
are covered with periosteum, and the articular surfaces are
covered by hyaline cartilage.

Flat Bones

Flat bones are found in the vault of the skull (e.g., the frontal
and parietal bones). They are composed of thin inner and
outer layers of compact bone, the tables, separated by a
layer of cancellous bone, the diploé. The scapulae, al-
though irregular, are included in this group.

Irregular Bones

Irregular bones include those not assigned to the previous
groups (e.g., the bones of the skull, the vertebrae, and the
pelvic bones). They are composed of a thin shell of com-
pact bone, with an interior made up of cancellous bone.

Sesamoid Bones

Sesamoid bones are small nodules of bone that are found in
certain tendons where they rub over bony surfaces. The
greater part of a sesamoid bone is buried in the tendon, and
the free surface is covered with cartilage. The largest
sesamoid bone is the patella, which is located in the tendon
of the quadriceps femoris. Other examples are found in the
tendons of the flexor pollicis brevis and flexor hallucis bre-
vis. The function of a sesamoid bone is to reduce friction on
the tendon; it can also alter the direction of pull of a tendon.

Surface Markings of Bones

The surfaces of bones show various markings or irregulari-
ties. Where bands of fascia. ligaments. tendons. or aponeu-
roses are attached to bone. the surface is raised or rough-
ened. These roughenings are not present at birth. They
appear at piil “t\' and become progressively more obvious
during adult life. The pull of these fibrous structures causes
the periosteum to be raised and new bone to be deposited
bencath.

In certain situations the surface markings are large and
are given special names. Some of the more important mark-
ings are summarized in Table 1-3.

Bone Marrow

Bone marrow occupies the marrow cavity in long and short
bones and the interstices of the cancellous bone in flat and
irreaular bones. At birth. the marrow of all the bones of the
body is red and hematopoietic. This blood-forming activity
gradually lessens with age, and the red marrow is replaced
by vellow marrow. At 7 years of age, yellow marrow begins
to appear in the distal bones of the limbs. This replacement
ol marrow gradually moves proximally. so that by the time
the person becomes adult. red marrow is restricted to the
bones of the skull. the vertebral column. the thoracic cage,
the girdle bones, and the head of the humerus and femur.
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Figure 1-29 The skeleton. A. Anterior view. B. Lateral view.
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All bone surfaces, other than the articulating surfaces,
are covered by a thick layer of fibrous tissue called the pe-
riosteum. The periosteurn has an abundant vascular sup-
ply, and the cells on its deeper surface are osteogenic. The
periosteum is particularly well united to bone at sites where
muscles, tendons, and ligaments are attazhed to bone.
Bundles of collagen fibers known as Sharpey's fibers extend
from the periosteum into the underlying bone. The perios-
teum receives a rich nerve supply and is very sensitive.

Development of Bone

Bone is developed by two methods: membranous and en-
dochondral. In the first method the bone is developed di-
rectly from a connective tissue membrane; in the second, a
cartilaginous model is first laid down and is later replaced
by bone. For details of the cellular changes involved, a text-
book of histology or embryology should be consulted.

The bones of the vault of the skull are developed rapidly
by the membranous method in the embryo, and this serves
to protect the underlying developing brain. At birth, small
areas of membrane persist between the bones. This is im-
portant clinically because it allows the bones a certain
amount of mobility, so that the skull can undergo molding
during its descent through the female genital passages.
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Figure 1-30  Sections of different types of bones. A. Long bone (humerus). B. Irregular bone (cal-
caneum). C. Flat bone (two parietal bones separated by the sagittal suture). D. Sesamoid bone
(patella). E. Note arrangement of trabeculae to act as struts to resist both compression and ten-

sion forces in the upper end of the femur.
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The long bones of the limbs are developed by endochon-
dral ossification, which is a slow process that is not com-
pleted until the eighteenth to twentieth year or even later. The
center of bone formation found in the shaft of the bone is re-
ferred to as the diaphysis; the centers at the ends of the bone,
as the epiphyses. The plate of curtilage at each end, lving be-
tween the epiphysis and diaphysis in a growing bone, is
called the epiphyseal plate. The metaphysis is that part of
the diaphysis that abuts onto the epiphyseal plate.

CARTILAGE

Cartilage is a form of connective tissue in which the cells and
fibers are embedded in a gel-like matrix, the latter being re-
sponsible for its firmness and resilience. Excepton the exposed
surfaces in joints, a fibrous membrane called the perichon-
drium covers the cartilage. There are three types of cartilage:
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Ejﬂﬁlé 1-2  Regional Classification of Bones
: : ; *Number of
Region of Skeleton ‘' Bones
Axial skeleton
Skull
Cranium 8
Face 14
Auditory ossicles 6
Hyoid 1
Vertebrae 26
Sternum 1
Ribs 24
Appendicular skeleton
Shoulder girdles
Clavicle
Scapula 2
Upper extremities
Humerus 2
Radius 2
Ulna 2
Carpals 16
Metacarpals 10
Phalanges 28
Pelvic girdle
Hip bone 2
Lower extremities
Femur 2
Patella 2
Fibula 2
Tibia 2
Tarsals 14
Metatarsals 10
Phalanges 28
206

e Hyaline cartilage has a high proportion of amorphous
matrix that has the same refractive index as the fibers em-
bedded in it. Throughout childhood and adolescence it
plays an important part in the growth in length of long
bones (epiphyseal plates are composed of hyaline carti-
lage). It has a great resistance to wear and covers the ar-
ticular surfaces of nearly all synovial joints. It is incapable
of repair when fractured; the defect is filled with fibrous
tissue.

Fibrocartilage has many collagen fibers embedded in a
small amount of matrix and is found in the discs within
joints (e.g., the temporomandibular joint, sternoclavicu-
lar joint, and knee joint) and on the articular surfaces of
the clavicle and mandible. If damaged, fibrocartilage re-
pairs itself slowly in a manner similar to fibrous tissue
elsewhere. Joint discs have a poor blood supply and
therefore do not repair themselves when damaged.
Elastic cartilage possesses large numbers of elastic
fibers embedded in matrix. As would be expected, it is
very flexible and is found in the auricle of the ear, the ex-
ternal auditory meatus, the auditory tube, and the epiglot-
tis. If damaged, elastic cartilage repairs itself with fibrous
tissue.

Hyaline cartilage and fibrocartilage tend to calcify or
even ossify in later life.
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EFFECTS OF SEX, RACE, AND AGE ON STRUCTURE

Descriptive anatomy tends to concentrate on a fixed de-
scriptive form. Medical personnel must always remember
that sexual and racial differences exist and that the body’s
structure and function change as a person grows and ages.

The adult male tends to be taller than the adult female
and to have longer legs; his bones are bigger and heavier
and his muscles are larger. He has less subcutaneous fat,
which makes his appearance more angular. His larynx is
larger and his vocal cords are longer so that his voice is
deeper. He has a beard and coarse body hair. He possesses
axillary and pubic hair, the latter extending to the region of
the umbilicus.

The adult female tends to be shorter than the adult male
and to have smaller bones and less bulky muscles. She has
more subcutaneous fat and fat accumulations in the breasts,
buttocks, and thighs, giving her a more rounded appear-
ance. Her head hair is finer and her skin is smoother in ap-
pearance. She has axillary and pubic hair, but the latter
does not extend up to the umbilicus. The adult female has
larger breasts and a wider pelvis than the male. She has a
wider carrying angle at the elbow, which results in a greater
lateral deviation of the forearm on the arm.

Until the age of approximately 10 years, boys and girls
grow at about the same rate. Around 12 years, boys often
start to grow faster than girls, so that most males reach adult-
hood taller than females.

Puberty begins between ages 10 and 14 in girls and be-
tween 12 and 15 in boys. In the girl at puberty, the breasts en-
large and the pelvis broadens. At the same time, a boy’s pe-
nis, testes, and scrotum enlarge, and in both sexes axillary
and pubic hair appear.

Racial differences may be seen in the color of the skin,
hair, and eyes and in the shape and size of the eyes, nose,
and lips. Africans and Scandinavians tend te be tall, as a re-
sult of long legs, whereas Orientals tend to be short, with
short legs. The heads of central Europeans and Orientals
also tend to be round and broad.

After birth and during childhood, the bodily functions
become progressively more efficient, reaching their maxi-
mum degree of efficiency during young adulthood. During
late adulthood and old age, many bodily functions become
less efficient.

As a physician you will be frequently called on to study nor-
mal and abnormal anatomy as seen on radiographs.
Familiarity with normal radiographic anatomy permits one
to recognize abnormalities quickly, such as fractures or tu-
mors.

The most common form of radiographic anatomy is stud-
ied on a radiograph (x-ray film), which provides a two-di-
mensional image of the interior of the body (Fig. 1-31). To
produce such a radiograph, a single barrage of x-rays is
passed through the body and exposes the film. Tissues of dif-
fering densities show up as images of differing densities on
the radiograph (or fluorescent screen). A tissue that is rela-
tively dense absorbs (stops) more x-rays than tissues that are
less dense. A very dense tissue is said to be radiopaque, but
a less dense tissue is said to be radiolucent. Bone is very
dense and fat is moderately dense; other soft tissues are the
least dense.
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? Table 1-3 Surface Markings of Bones
Bone Marking Example
Linear elevation
Line Superior nuchal line of the occipital bone
Ridge The medial and lateral supracondylar ridges of the
humerus
Crest The iliac crest of the hip bone
Rounded elevation
Tubercle Pubic tubercle
Protuberance External occipital protuberance
Tuberosity Greater and lesser tuberosities of the humerus
Malleolus Medial malleolus of the tibia and lateral malleolus of
the fibula
Trochanter Greater and lesser trochanters of the femur
Sharp elevation
Spine or spinous process Ischial spine, spine of vertebra
Styloid process Styloid process of temporal bone
Expanded ends for articulation
Head Head of humerus, head of femur
Condyle (knucklelike process) Medial and lateral condyles of femur
Epicondyle (a prominence Medial and lateral epicondyles of femur
situated just above condyle)
Small flat area for articulation
Facet Facet on head of rib for articulaticn with vertebral body
Depressions
Notch Greater sciatic notch of hip bone
Groove or sulcus Bicipital groove of humerus
Fossa Olecranon fossa of humerus, acetabular fossa of hip
bone
Openings
Fissure Superior orbital fissure
Foramen Infraorbital foramen of the maxilla
Canal Carotid canal of temporal bone
Meatus External acoustic meatus of temporal bone

— . Rl N sty &



i

_‘,-h'_fkf‘ L}ﬁ‘\"

right atrium

1 o ey

AN g

Y1 )

right ventricle Y caladl

it
;8

A5 liver

Figure 1-31 Posteroanterior radiograph of thorax. cotall LS Aala Aeladi 3 ) pa 1(31-1) Jedy

Unfortunately, an ordinary radiograph shows the images
of the different organs superimposed onto a flat sheet of
film. This overlap of organs and tissues often makes it diffi-
cult to visualize them. This problem is overcome to some ex-
tent by taking films at right angles to one another or by mak-
ing stereoscopic films.

Computed tomography (CT) scanning or computer-
ized axial tomography (CAT) scanning permits the study
of tissue slices so that tissues having minor differences in
density can be recognized. CT scanning relies on the same
physics as conventional x-rays but combines it with com-
puter technology. A source of x-rays moves in an arc around

the part of the body being studied and sends out a beam of
x-rays. The beams of x-rays, having passed through the re-
gion of the body, are collected by a special x-ray detector.
Here, the x-rays are converted into electronic impulses that
produce readings of the density of the tissue in a I-cm slice
of the body. From these readings the computer is able to as-
semble a picture of the body called a CT scan, which can
be viewed on a fluorescent screen and then photographed
for later examination (Fig. 1-32). The procedure is safe and
quick, lasts only a few seconds for each slice, and for most
patients requires no sedation.
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The technique of magnetic resonance imaging (MRI)
uses the magnetic properties of the hydrogen nucleus ex-
cited by radiofrequency radiation transmitted by a coil sur-
rounding the body part. The excited hydrogen nuclei emit a
signal that is detected as induced electric currents in a re-
ceiver coil. MRI is absolutely safe to the patient, and be-
cause it provides better differentiation between different
soft tissues, its use can be more revealing than a CT scan.
The reason for this is that some tissues contain more hydro-
gen in the form of water than do other tissues (Fig. 1-33).
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B cLnicaL NOTES

'b“)-l).mﬂm?)h

‘Dﬁscmmwa ANATOMIC TERMS

It is important for medical students to have a sound
knowledge and understanding of the basic anatomic terms.
With the aid of a medical dictionary, you will find that un-
derstanding anatomic terminology greatly assists you in the
learning process.

The accurate use of anatomic terms by medical person-
nel enables them to communicate with their colleagues both
nationally and internationally. Without anatomic terms, one
cannot discuss or record accurately the abnormal functions
of joints, the actions of muscles, the alteration of position of
organs, or the exact location of swellings or tumors.

IN

o

A general knowledge of the direction of the lines of
cleavage greatly assists the surgeon in making incisions that
will result in cosmetically acceptable scars. This is particu-
larly important in those areas of the body not normally cov-
ered by clothing. A salesperson, for example, may lose his or
her job if an operation leaves a hideous facial scar.

The nail folds, hair follicles, and sebaceous glands are
common sites for entrance into the underlying tissues of
pathogenic organisms such as Staphylococcus aureus.
Infection occurring between the nail and the nail fold is
called a paronychia. Infection of the hair follicle and seba-
ceous gland is responsible for the common beil. A carbun-
cle is a staphylococeal infection of the superficial fascia. It
frequently occurs in the nape of the neck and usually starts
as an infection of a hair follicle or a group of hair follicles.

A sebaceous cyst is caused by obstruction of the mouth
of a sebaceous duct and may be caused by damage from a
comb or by infection. It occurs most frequently on the scalp.

A patient who is in a state of shock will be pale and ex-
hibit gooseflesh as a result of overactivity of the sympathetic
system, which causes vasoconstriction of the dermal arteri-
oles and contraction of the arrector pili muscles.

The depth of a burn determines the method and rate of
healing. A partial skin thickness burn will heal from the cells
of the hair follicles, sebaceous glands, and sweat glands, as
well as from the cells at the edge of the burn. A burn that ex-
tends deeper than the sweat glands will heal very slowly and
from the edges only, and considerable contracture will be
caused by fibrous tissue. To speed up healing and reduce
the incidence of contracturé, a deep burn should be grafted.

Skin grafting is of two main types: split-thickness graft-
ing and full-thickness grafting. In a split-thickness graft the
greater part of the epidermis, including the tips of the der-
mal papillae, are removed from the donor site and placed
on the recipient site. This leaves at the donor site for repair
purposes the epidermal cells on the sides of the dermal
papillae and the cells of the hair follicles and sweat
glands.

A full-thickness skin graft includes both the epidermis
and dermis and, to survive, requires rapid establishment of
a new circulation within it at the recipient site. The donor
site is usually covered with a split-thickness graft. in certain
circumstances the full-thickness graft is made in the form of
a pedicle graft, in which a flap of full-thickness skin is turned
and stitched in position at the recipient site, leaving the base
of the flap with its blood supply intact at the donor site.
Later, when the new blood supply to the graft has been es-
tablished, the base of the graft is cut across.
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A knowledge of the arrangement of the deep fasciae will
often explain the path taken by an infection when it spreads
from its primary site. In the neck, for example, the various
fascial planes explain how infection can extend from the re-
gion of the floor of the mouth to the larynx.

;MUSCLE

Determination of the tone of a muscle is an important
clinical examination. If a muscle is flaceid, then either the
afferent or efferent neurons or both neurons involved in the
reflex arc necessary for the production of muscle tone have
been interrupted. For example, if the nerve trunk to a mus-
cle is severed, both neurons will have been interrupted. If
poliomyelitis has involved the motor anterior horn cells at a
level in the spinal cord that innervates the muscle, the effer-
ent motor neurons will not function. If, conversely, the mus-
cle is found to be hypertonic, the possibility exists of a lesion
involving higher motor neurons in the spinal cord or brain.

The importance of knowing the main attachments of all
the major muscles of the body need not be emphasized.
Only with such knowledge is it possible to understand the
normal and abnormal actions of individual muscles or mus-
cle groups. How can one even attempt to analyze, for exam-
ple, the abnormal gait of a patient without this information?
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The general shape and form of muscles should also be
noted, since a paralyzed muscle or one that is not used
(such as occurs when a limb is immobilized in a cast)
quickly atrophies and changes shape. In the case of the
limbs it is always worth remembering that a muscle on the
onposite side of the body can be used for comparison.

‘QONES

Immediately alter a bone fracture, the patient suffers se-
vere local pain and is not able to use the injured part.
Deformity may be visible if the bone fragments have been
displaced relative to each other. The degree of deformity and
the directions taken by the bony fragments depend not only
on the mechanism of injury but also on the pull of the mus-
cles attached to the fragments. Ligamentous attachments
also influence the deformity. In certain situations, for exam-
ple, the ileumn, fractures result in no deformity because the in-
ner and outer surfaces of the bone are splinted by the exten-
sive origins of muscles. In contrast, a fracture of the neck of
the femur produces considerable displacement. The strong
muscles of the thigh pull the distal fragment upward so that
the leg is shortened. The very strong lateral rotators rotate the
distal fragment laterally so that the foot points laterally.

Fracture of a bone is accompanied by a considerable
hemorrhage of blood between the bone ends and into the
surrounding soft tissue. The blood vessels and the fibrob-
lasts and osteoblasts from the periosteum and endosteum
take part in the repair process.

In rickets, defective mineralization of the cartilage ma-
trix in growing bones occurs. This produces a condition in
which the cartilage cells continue to grow, producing ex-
cess cartilage and a widening of the epiphyseal plates. The
poorly mineralized cartilaginous matrix and the osteoid ma-
trix are soft, and they bend under the stress of bearing
weight. The resulting deformities include enlarged costo-
chondral junctions, bowing of the long bones of the lower
limbs, and bossing of the frontal bones of the skull.
Deformities of the pelvis may also occur.

Epiphyseal plate disorders affect only children and
adolescents. The epiphyseal plate is the part of a growing
bone concerned primarily with growth in length. Trauma,
infection, diet, exercise, and endocrine disorders can dis-
turb the growth of the hyaline cartilaginous plate, leading to
deformity and loss of function. In the femur, for example,
the proximal femoral epiphysis can slip because of me-
chanical stress or excessive loads. The length of the limbs
can increase excessively because of increased vascularity in
the region of the epiphyseal plate secondary to infection or
in the presence of tumors. Shortening of a limb can follow
trauma to the epiphyseal plate resulting from a diminished
blood supply to the cartilage.

=JOINTS

The normal range of movement of all joints should be as-
certained. When the bones of a joint are no longer in their
normal anatomic relationship with one another, then the
joint is said to be dislocated. Some joints are particularly
susceptible to dislocation because of lack of support by lig-
aments, the poor shape of the articular surfaces, or the ab-
sence of adequate muscular support. The shoulder joint,
temporomandibular joint, and acromioclavicular joints are
good examples. Dislocation of the hip is usually congenital,
being caused by inadequate development of the socket
that normally holds the head of the femur firmly in position.
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The presence of cartilaginous discs within joints, especially
weightbearing joints, as in the case of the knee, makes them
particularly susceptible to injury in sports. During a rapid
movement the disc loses its normal relationship to the bones
and becomes crushed between the weightbearing surfaces.

In certain diseases of the nervous system (e.g., sy-
ringomyelia), the sensation of pain in a joint is lost. This
means that the warning sensations of pain felt when a joint
moves beyond the normal range of movement are not ex-
perienced. This phenomenon results in the destruction of
the joint.

Knowledge of the classification of joints is of great value
because it is known that certain diseases affect only certain
types of joints. For example, gonococcal arthritis affects
large synovial joints such as the ankle, elbow, or wrist.
Tuberculous arthritis also affects synovial joints and may
start in the synovial membrane or in the bone.

Remember that more than one joint may receive the
same nerve supply. For example, the hip and knee joints are
both supplied by the obturator nerve. Thus, a patient with
disease limited to one of these joints may experience pain in
both.

)URSAE AND SYNOVIAL SHEATHS

Bursae and synovial sheaths are commonly the site of
traumatic or infectious disease. For example, the extensor
tendon sheaths of the hand may become inflamed following
excessive or unaccustomed use; an inflammation of the
prepatellar bursa may occur as the result of trauma from re-
peated kneeling on a hard surface.

KBLOOD VESSELS

Diseases of blood vessels are common. The surface
anatomy of the main arteries, especially those of the limbs,
should be learned in the appropriate sections of this book.
The collateral circulation of most large arteries should be
understood, and a distinction should be made between
anatomic end arteries and functional end arteries.

All large arteries that cross over a joint are liable to be
kinked during movements of the joint. However, the distal
flow of blood is not interrupted because an adequate anas-
tomosis is usually between branches of the artery that arise
both proximal and distal to the joint. The alternative blood
channels, which dilate under these circumstances, form the
collateral circulation. Knowledge of the existence and posi-
tion of such a circulation may be of vital importance should
it be necessary to tie off a large artery that has been dam-
aged by trauma or disease.

Coronary arteries are functional end arteries, and if they
become blocked by disease (coronary arterial occlusion is
common), the cardiac muscle normally supplied by that
artery will receive insufficient blood and will undergo
necrosis. Blockage of a large coronary artery will result in
the death of the patient. (See the clinical example at the be-
ginning of this chapter.)

{LYMPHATIC SYSTEM

The lymphatic system is often de-emphasized by
anatomists on the grounds that it is difficult to see on a ca-
daver. However, it is of vital importance to a practicing
physician, and the lymphatic drainage of all major organs of
the body, including the skin, should be known.
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A patient may complain of a swelling produced by the
enlargement of a lymph node. A physician must know the
areas of the body that drain lymph to a particular node if he
or she is going to be able to find the primary site of the dis-
ease. Often the patient ignores the primary disease, which
may be a small, painless cancer of the skin.

Conversely, the patient may complain of a painful ulcer of
the tongue, for example, and the physician must know the
lymph drainage of the tongue to be able to determine whether
the disease has spread beyond the limits of the tongue.

NERVOUS SYSTEM

The area of skin supplied by a single spinal nerve, and
therefore a single segment of the spinal cord, is called a der-
matome. On the trunk, adjacent dermatomes overlap con-
siderably; to produce a region of complete anesthesia, at
least three contiguous spinal nerves have to be sectioned.
Dermatomal charts for the anterior and posterior surfaces of
the body are shown in Figures 1-34 and 1-35.
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In the limbs, arrangement of the dermatomes is more
complicated because of the embryologic changes that take
place as the limbs grow out from the body wall.

A physician should have a working knowledge of the seg-
mental (dermatomal) innervation of skin because with the
help of a pin or a piece of cotton he or she can determine
whether the sensory function of a particular spinal nerve or
segment of the spinal cord is functioning normally.

Skeletal muscle also receives a segmental innervation.
Most of these muscles are innervated by two, three, or four
spinal nerves and therefore by the same number of seg-
ments of the spinal cord. To paralyze a muscle completely it
would thus be necessary to section several spinal nerves or
to destroy several segments of the spinal cord.

Learning the segmental innervation of all the muscles of
the body is an impossible task. Nevertheless, the segmental
innervation of the following muscles should be known be-
cause they can be tested by eliciting simple muscle reflexes
in the patient (Fig. 1-36).
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biceps brachii tendon reflex
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Figure 1-36 Some important tendon reflexes used in medical practice.
glaad) A jlaall B andied 3 dalgll & gl Clusadal) Gy 1(36-1) Jodd
G M Jais L5ty C6 5 C5 simsaalt gl J1 13 5y PR

e Biceps brachii tendon reflex: C5 and 6 (flexion of the . U' Sils gy i
elbow joint by tapping the biceps tendon). i ) ) o j”‘:_ - _” : .

e Triceps tendon reflex: C6, 7, and 8 (extension of the el- G ais by C8 5 .C7 C6 W U'S_""‘"
bow joint by tapping the triceps tendon). s A 5y A

@ Brachioradialis tendon reﬂex:Ci, 6,and 7 (sufpi'?atti)on Jolali iy C7, C6, CS5 ;a_l_,g&h iuadl gy J.S.u °
of the radioulnar joints by tapping the insertion of the bra- N T ) ) TR
chiordilsTendon). | G gy S e "“MJ f“’:j'_”’* . ..

o Abdominal superficial reflexes: (contraction of un- =% oyl izdadl S aall ald) 122 ol el &

derlying abdominal muscles by stroking the skin). Upper il ((T6 —7) (s sl ladt dlor L (ald! Lo 217 35T an Al

abdominal skin T6-7, middle abdominal skin T8-9, and (T10-12) gu__n oad) Aoy (T8-9) Joe b el
lower abdominal skin T10-12. ‘ by LA 5E3 5 T0 s fiai o ) 5 e
¢ Patellar tendon reflex: (knee jerk) L2, 3, and 4 (exten- (i ) gl i iS ) Jain
sion of the knee joint on tapping the patellar tendon). " § s j._ i Sk .
o Achilles tendon reflex: (ankle jerk) S1and 52 (plantar  J—aih (2l el 825 S1:(J=S iad) 1 4= 5 R
flexion of the ankle joint on tapping the Achilles tendon). (A S

@ Aandia i Jo¥Wl Juadl| —



Autonomic Nervous System

Many drugs and surgical procedures that can modify the
activity of the autonomic nervous system are available. For
example, drugs can be administered to lower the blood
pressure by blocking sympathetic nerve endings and caus-
ing vasodilatation of peripheral blood vessels. In patients
with severe arterial disease affecting the main arteries of the
lower limb, the limb can sometimes be saved by sectioning
the sympathetic innervation to the blood vessels. This pro-
duces a vasodilatation and enables an adequate amount of
blood to flow through the collateral circulation and so by-
pass the obstruction.

L EFFECT OF AGE ON STRUCTURE

The fact that the structure and function of the human
body change with age may seem obvious, but it is often
overlooked. A few examples of such changes are given here:

1. In the infant the bones of the skull are more resilient than
in the adult, and for this reason fractures of the skull are
much more common in the adult than in the young child.

2. The liver is relatively much larger in the child than in the
adult. In the infant the lower margin of the liver extends
inferiorly to a lower level than in the adult. This is an im-
portant consideration when making a diagnosis of hep-
atic enlargement.

3. The urinary bladder in the child cannot be accommo-
dated entirely in the pelvis because of the small size of the
pelvic cavity and is found in the lower part of the abdom-
inal cavity. As the child grows, the pelvis enlarges and the
bladder sinks down to become a true pelvic organ.

4. At birth, all bone marrow is of the red variety. With ad-
vancing age the red marrow recedes up the bones of the
limbs so that in the adult it is largely confined to the
bones of the head, thorax, and abdomen.

5. Lymphatic tissues reach their maximum degree of develop-
ment at puberty and thereafter atrophy so that the volume of
lymphatic tissue in older persons is considerably reduced.
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Clinical Problem Solving

Study the following case histories and select the best an-
swer to the questions following them.

A 45-year-old patient has a small, firm, mobile
tumor on the dorsum of the right foot just proxi-
mal to the base of the big toe and superficial to
the bones and the long extensor tendon but
deep to the superficial fascia.

1. The following information concerning the tumor is cor-
rect except:

onow >

=

. It is situated on the upper surface of the foot close to

the root of the big toe.

. Itis not attached to the first metatarsal bone.
. It lies superficial to the deep fascia.
. It lies superficial to the tendon of extensor hallucis

longus muscle.
It is attached to the capsule of the metatarsopha-
langeal joint of the big toe.

A 31-year-old woman has a history of po-
liomyelitis affecting the anterior horn cells of the
lower thoracic and lumbar segments of the
spinal cord on the left side. On examination, she
has severe right lateral flexion deformity of the
vertebral column.
2. The following facts are true about this case except:
A. The virus of poliomyelitis attacks and destroys the

B.

motor anterior horn cells of the spinal cord.

The disease resulted in the paralysis of the muscles
that normally laterally flex the vertebral column on
the left side.

. The muscles on the right side of the vertebral column

are unapposed.

. The right lateral flexion deformity is caused by the

slow degeneration of the sensory nerve fibers origi-
nating from the vertebral muscles on the right side.

A 20-year-old woman severely sprains her left
ankle while playing tennis. When she tries to
move the foot so that the sole faces medially,
she experiences severe pain.

3. What is the correct anatomic term for the movement of
the foot that produces the pain?

A.
B.
C.
D.

Pronation.
Inversion.
Supination.
Eversion.

A 25-year-cid man has a deep-seated abscess in
the posterior part of the neck.

4. The following anatomic facts are correct concerning
the abscess except:
A. The abscess probably lies deep to the deep fascia.

The deep fascia will determine the direction of
spread of the abscess.

incision.

The lines of cleavage are important when consider-
ing the direction of skin incisions.

The abscess would be incised through a horizontal
skin incision.

B.
C. The abscess would be incised through a vertical skin
D.
E
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A 40-year-old workman received a severe burn
on the anterior aspect of his right forearm. The
area of the burn exceeded 4 in. (10 cm) square.
The greater part of the burn was superficial and
only extended into the superficial part of the der-
mis.

5. In the superficial burnt area the epidermis cells would
regenerate from the following sites except:

A. The hair follicles.

B. The sebaceous glands.

C. The margins of the burn.

D. The deepest ends of the sweat glands.

6. In a small area the burn had penetrated as far as the su-
perficial fascia; in this region the epidermal cells would
regenerate from the following sites except:

A. The ends of the sweat glands that lie in the superficial
fascia.

B. The margins of the burn.

C. The sebaceous glands.

In a 63-year-old man an MRI of the lower thoracic
region of the vertebral column reveals the pres-
ence of a tumor pressing on the lumbar seg-
ments of the spinal cord. He has a loss of sensa-
tion in the skin over the anterior surface of the
left thigh and is unable to extend his left knee
joint. Examination reveals that the muscles of
the front of the left thigh have atrophied and
have no tone and that the left knee jerk is absent.

7. The following statements concerning this patient are

correct except:

A. The tumor is interrupting the normal function of the ef-
ferent motor fibers of the spinal cord on the left side.

B. The quadriceps femoris muscles on the front of the
left thigh are atrophied.

C. The loss of skin sensation is confined to the der-
matomes L1, 2, 3, and 4.

D. The absence of the left knee jerk is because of in-
volvemnent of the first lumbar spinal segment.

E. The loss of muscle tone is caused by interruption of
a nervous reflex arc.

A woman recently took up employment in a fac-
tory. She is a machinist, and for 6 hours a day she
has to move a lever repeatedly, which requires
that she extend and flex her right wrist joint. At the
end of the second week of har employment, she
began to experience pain over the posterior sur-
face of her wrist and noticed a swelling in the area.

8. The following statements concerning this patient are
correct except:

A. Extension of the wrist joint is brought about by several
muscles that include the extensor digitorum muscle.

B. The wrist joint is diseased.

C. Repeated unaccustomed movements of tendons
hrough their synovial sheaths can produce trau-
matic inflammation of the sheaths.

D. The diagnosis is traumatic tenosynovitis of the long
tendons of the extensor digitorum muscle.
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A

19-year-old boy was suspected of having

leukemia. It was decided to confirm the diagno-
sis by performing a bone marrow biopsy.

9. The following statements concerning this procedure are
correct excepl:
A. The biopsy was taken from the lower end of the tibia.

B.
&

D.

Red bone marrow specimens can be obtained from
the sternum or the iliac crests.

At birth the marrow of all bones of the body is red
and hematopoietic.

The blood-forming activity of bone marrow in many
long bones gradually lessens with age, and the red
marrow is gradually replaced by yellow marrow.

A 22-year-old woman had a severe infection un-
der the lateral edge of the nail of her right index
finger. On examination, a series of red lines were
seen to extend up the back of the hand and
around to the front of the forearm and arm, up to
the armpit.

10. The following statements concerning this patient are
probably correct except:

~o

BN

© o

A

Palpation of the right armpit revealed the presence
of several tender enlarged lymph nodes (lym-

_ phadenitis).
. The red lines were caused by the superficial lym-

phatic vessels in the arm, which were red and in-
flamed (lymphangitis) and could be seen through
the skin.

. Lymph from the right arm entered the bloodstream

through the thoracic duct.

. Infected lymph entered the lymphatic capillaries

from the tissue spaces.

il polaauls 2w 19 0pee old dgbob ol a¥l @
celaall @ Ay elyar) gpah el Olady
Hae Lo Amumio el W1 108 o gaades LI el ladl .9
oyl Alil g i A odesl A
Ol o el e e il B Sl Je Jpadl (S5 B
s
05Ky sl ol 3 pllial) JST B 0S5 Y e .C
nglQrUﬁdlﬁm&qwﬂirmm|uhﬂldl.D
ool 2l e (B iyl e il Al plial
N o e
Ao gl ALt | oo wail i pade Wow 22 yona3pal (gt
O Al Qo g il 229 - ot Ll il
Lo lwdalie Jgomg il pgls ) uid ol pmesnd | doglast|
das¥l o) agais Laniiac
=¥l e Aoimis o Aian ! sia o guade 30 oLl 10
teldnuly
PAgde il daseins Lk die 3 or g N WY e atST A
(Rl aaall Olglly
3 bl aialll ey Y oot bgladl S gy (550 B
Gsiallt e )Y gy Bgilay ol =iLST Ay 1,00
A e L) oSl
o (St O AL L el g )3 e ol Gaalll ey .C
Sy ydaall SLEN S
) a3 Sitalll ol gt Gl J D
!

B S g
Answers to Clinical Problems

. E. The tumor is mobile and not fixed to the joint cap-
sule. The tumor is a neurofibroma of a digital nerve.

D.
B.

. C.1f possible, skin incisions in the neck are made in a
horizontal direction to conform with the lines of cleav-
age.

D.
C.

. D. The patellar tendon reflex (knee jerk) involves L2, 3,

and 4 segments of the spinsl cord.
B.
. A. In a 19-year-old boy, the bone marrow at the lower

end of the tibia is yellow.

. C. Lymph from the right upper limb enters the blood-

stream through the right lymphatic duct.
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National Board Type Questions

Select the best response.

1. A patient who is standing in the anatomic position is:
A. Facing laterally
B. Has the palms of the hands directed medially

C. Has the ankles several inches apart
D. Is standing on his or her toes
E. Has the upper limbs by the sides of the trunk

2. A patient is performing the movement of flexion of the

hip joint when she:

A. Moves the lower limb away from the midline in the
coronal plane

B. Moves the lower limb posteriorly in the parame-
dian plane

C. Moves the lower limb anteriorly in the paramedian
plane

D. Rotates the lower limb so that the anterior surface
faces medially

E. Moves the lower limb toward the median sagittal
plane

Match each structure listed below with a structure or
occurrence with which it is most closely associated. Each
lettered answer may be used more than once.

3. Superficial fascia
4. Deep fascia
5. Skeletal muscle
A. Divides up interior of limbs into compartments
B. Adipose tissue
C. Tendon spindles
D. None of the above

For each joint listed below, indicate with which type of
movement it is associated.

6. Sternoclavicular joint
7. Superior radioulnar joint
8. Ankle joint

A. Flexion

B. Gliding

C. Both Aand B

D. Neither AnorB

For each joint listed below, give the most appropriate
classification.

9. Joints between vertebral bodies
10. Inferior tibiofibular joint
11. Sutures between bones of vault of skull
12. Wrist joint
A. Synovial joint
B. Cartilaginous
C. Fibrous
D. None of the above

For each type of synovial joint listed below, give an appropriate
example from the list of joints.
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13. Hinge joint
14. Condyloid joint
15. Ball-and-socket joint
16. Saddle joint
A. Metacarpophalangeal joint of index finger
B. Shoulder joint
C. Wrist joint
D. Carpometacarpal joint of the thumb
E. None of the above

For each type of muscle action listed below, select the most
appropriate definition.

17. Prime mover
18. Fixator
19. Synergist
20. Antagonist
A. A muscle that contracts isometrically to stabilize
the origin of another muscle
B. A muscle that opposes the action of a flexor muscle
C. A muscle that is chiefly responsible for a particular
movement
D. A muscle that prevents unwanted movements in an
intermediate joint so that another muscle can cross
that joint and act primarily on a distal joint
E. A muscle that opposes the action of a prime mover

For each type of blood vessel listed below, select an
appropriate definition.

21. Arteriole
22. Portal vein
23. Anatomic end artery
24. Venule
A. Avessel that connects two capillary beds
B. A vessel whose terminal branches do not anasto-
mose with branches or arteries supplying adjacent
areas
. Avessel that connects large veins to capillaries
. An artery less than 0.1 mm in diameter
. A thin-walled vessel that has an irregular cross di-
ameter

Mmoo

For each of the lymphatic structures listed below, select an
appropriate structure or function.

25. Lymph capillary

26. Thoracic duct

27. Right lymphatic duct

28. Lymph node

. Present in the central nervous systemn

B. Drains lymph directly from the tissues

C. Contains lymphatic tissue and has both afferent
D.

o

and efferent vessels
Drains lymph from the right side of the head and
neck, the right upper limb, and the right side of the
thorax

E. Drains lymph from the right side of the abdomen
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Answers to National Board Type Questions

A.22
B.23
C.24
B.25
E.26
D.27
C.28
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CHAPTER 2

The Thorax: Part |
The Thoracic Wall

20-year-old woman was the innocent victim of a street shoot-out involving

drugs. On examination the patient showed signs of severe hemorrhage and

was in a state of shock. Her pulse was rapid and her blood pressure was
dangerously low. There was a small entrance wound about 1 cm across in the fourth
left intercostal space about 3 cm from the lateral margin of the sternum, There was no
exit wound. The left side of her chest was dull on percussion, and breath sounds were
absent on that side of the chest. A chest tube was immediately introduced through the
chest wall. Because of the massive amounts of blood pouring out of the tube, it was
decided to enter the chest (thoracotomy). The physician carefully counted the ribs to
find the fourth intercostal space and cut the layers of tissue to enter the pleural space
(cavity). She was particularly careful to avoid important anatomic structures.

The incision was made in the fourth left intercostal space along a line that extended
from the lateral margin of the sternum to the anterior axillary line. The following struc-
tures were incised: skin, subcutaneous tissue, pectoral muscles and serratus anterior
muscle, external intercostal muscle and anterior intercostal membrane, internal inter-
costal muscle, innermost intercostal muscle, endothoracic fascia, and parietal pleura.
The internal thoracic artery, which descends just lateral to the sternum and the inter-
costal vessels and nerve, must be avoided as the knife cuts through the layers of tis-
sue to enter the chest. The cause of the hemorrhage was perforation of the left atrium
of the heart by the bullet. A physician must have a knowledge of chest wall anatomy to
make a reasoned diagnosis and institute treatment.
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CHAPTER OUTLINE

An understanding of the structure of the chest wall
and the diaphragm is essential if one is to understand
the normal movements of the chest wall in the proc-
ess of aeration of the lungs.

Contained within the protective thoracic cage are
the important life-sustaining organs-the lungs, heart,
and major blood vessels. In addition, the lower part of
the cage overlaps the upper abdominal organs such
as the liver, stomach, and spleen and offers them
considerable protection. Although the chest wall is
strong, blunt or penetrating wound can injure the soft
organs beneath it. This is especially soin anerain
which automobile accidents, stab wounds. and gun-
shot wounds are commonplace.

Because of the clinical importance of the chest
wall, examiners tend to focus on this area. Questions
concerning the ribs and their movements, the diaph-
ragm, its attachments and function, and the contents
of an intercostal space have been asked many times.

#& BASIC ANATOMY

The thorax (or chest) is the region of the body between the
neck and the abdomen. It is flattened in front and behind
but rounded at the sides. The framework of the walls of the
thorax, which is referred to as the thoracic cage, is formed
by the vertebral column behind, the ribs and intercostal
spaces on either side, and the sternum and costal cartilages
in front. Superiorly the thorax communicates with the neck
and inferiorly ‘it is separated from the abdomen by the di-
aphragm. The thoracic cage protects the lungs and heart
and affords attachment for the muscles of the thorax, upper
extremity, abdomen, and back.

The cavity of the thorax can be divided into a median par-
tition, called the mediastinum, and the laterally placed pleu-
rae and lungs. The lungs are covered by a thin membrane
called the visceral pleura, which passes from each lung at
its root (i.e., where the main air passages and blood vessels
enter) to the inner surface of the chest wall, where it is called
the parietal pleura. In this manner two membranous sacs
called the pleural cavities are formed, one on each side of
the thorax, between the lungs and the thoracic walls.

Openings of the Thorax

The thoracic cavity communicates with the root of the neck
through an opening called by clinicians the thoracic outlet.
It is called an outlet because important vessels and nerves
emerge from the thorax here to enter the neck and upper
limbs. (Anatomists traditionally call this opening the tho-
racic inlet.) The opening is bounded posteriorly by the first
thoracic vertebra, laterally by the medial borders of the first
ribs and their costal cartilages, and anteriorly by the supe-
rior border of the manubrium sterni. The opening is
obliquely placed facing upward and forward. Through this
small opening pass the esophagus and trachea and many
vessels and nerves. Because of the obliquity of the opening,
the apices of the lung and pleurae project upward into the
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The thoracic cavity communicates with the abdomen
through a large opening. The opening is bounded posteri-
orly by the twelth thoracic vertebra, laterally by the curving
costal margin, and anteriorly by the xiphisternal joint.
Through this large opening, which is closed by the di-
aphragm, pass the esophagus and many large vessels and
nerves, all of which pierce the diaphragm.

Structure of the Thoracic Wall

The thoracic wall is covered on the outside by skin and by
muscles attaching the shoulder girdle to the trunk. Itis lined
with parietal pleura.

The thoracic wall is formed posteriorly by the thoracic
part of the vertebral column; anteriorly by the sternum and
costal cartilages (Fig. 2-1); laterally by the ribs and inter-
costal spaces; superiorly by the suprapleural membrane;
and inferiorly by the diaphragm, which separates the tho-
racic cavity from the abdominal cavity.

STERNUM

The sternum lies in the midline of the anterior chest wall. It
is a flat bone that can be divided into three parts: (a)
manubrium sterni, (b) body of the sternum, and (¢) xiphoid
process.

The manubrium is the upper part of the sternum, and it
articulates with the clavicles and the first and upper part of
the second costal cartilages on each side (Fig. 2-1). It lies op-
posite the third and fourth thoracic vertebrae.

The body of the sternum articulates above with the
manubrium by means of a fibrocartilaginous joint, the
manubriosternal joint. Below, it articulates with the
xiphoid process at the xiphisternal joint. On each side are
notches for articulation with the lower part of the second
costal cartilage and the third to the seventh costal cartilages
(Fig. 2-1). The second to the seventh costal cartilages articu-
late with the sternum at synovial joints.

The xiphoid process (Fig. 2-1) is the lowest and smallest
part of the sternum. It is a thin plate of hyaline cartilage that
becomes ossified at its proximal end in adult life. No ribs or
costal cartilages are attached to it.

The sternal angle (angle of Louis), formed by the artic-
ulation of the manubrium with the body of the sternum, can
be recognized by the presence of a transverse ridge on the
anterior aspect of the sternum (Fig. 2-2). The transverse
ridge lies at the level of the second costal cartilage, the point
from which all costal cartilages and ribs are counted. The
sternal angle lies opposite the intervertebral disc between
the fourth and fifth thoracic vertebrae.

The xiphisternal joint lies opposite the body of the
ninth thoracic vertebra (Fig. 2-2).

COSTAL CARTILAGES

Costal cartilages are bars of hyaline cartilage connecting the
upper seven ribs to the lateral edge of the sternum and the
eighth, ninth, and tenth ribs to the cartilage immediately
above. The cartilages of the eleventh and twelfth ribs end in
the abdominal musculature (Fig. 2-1).

The costal cartilages contribute significantly to the elas-
ticity and mobility of the thoracic walls. In old age, the
costal cartilages tend to lose some of their flexibility as the
result of superficial calcification.
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Figure 2-1 A. Anterior view of sternum. B. Sternum, ribs, and costal cartilages forming thoracic skeleton.
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RIBS

There are 12 pairs of ribs, all of which are attached posteri-
orly to the thoracic vertebrae (Figs. 21, 2-3 , 24, and 2-5).
The upper seven pairs are attached anteriorly to the sternum
by their costal cartilages. The eighth, ninth, and tenth pairs
of ribs are attached anteriorly to each other and to the sev-
enth rib by means of their costal cartilages and small syn-
ovial joints. The eleventh and twelfth pairs have no anterior
attachment and are referred to as floating ribs.

A typical rib is a long, twisted, flat bone having a
rounded, smooth superior border and a sharp, thin inferior
border (Figs. 24 and 2-5). The inferior border overhangs and
forms the costal groove, which accommodates the inter-
costal vessels and nerve.

A rib has a head, neck, tubercle, shaft, and angle
(Figs. 24 and 2-5). The head has two facets for articulation
with the numerically corresponding vertebral body and that
of the vertebra immediately above (Fig. 24). The neck is a
constricted portion situated between the head and the tu-
bercle.
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Figure 2-2 Lateral view of thorax showing relationship of surface markings to vertebral levels.
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Figure 2-4 Fifth right rib as it articulates with the vertebral column posteriorly and the sternum anteri-
orly. Note that the rib head articulates with the vertebral body of its own number and that of the vertt'}n
bra immediately above. Note also the presence of the costal groove along the inferior border of the rib.
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The tubercle is a prominence on the outer surface of the
rib at the junction of the neck with the shaft. It has a facet for
articulation with the transverse process of the numerically
corresponding vertebra (Fig. 2-4). The shaft or body is thin
and flattened and twisted on its long axis. Its inferior border
has the costal groove, The angle is where the shaft of the rib
bends sharply forward. The anterior end of each rib is at-
tached to the corresponding costal cartilage.

The first rib is atypical. It is important clinically because
of its close relationship to the lower nerves of the brachial
plexus and the main vessels to the arm, namely, the subcla-
vian arterv and vein (Fig. 2-6). This rib is flattened from
above downward. It has a tubercle on the inner border,
known as the scalene tubercle, for the insertion of the
scalenus anterior muscle. Anterior to the wbercle the sub-
clavian vein crosses the rib; posterior to the tubercle is the
subclavian groove, where the subclavian artery and the
lower trunk of the brachial plexus cross the rib and lie in
contact with the bone.

Joints of the Ribs and Costal Cartilages

Joints of the Heads of the Ribs

The first rib and the three lowest ribs have a single synovial
joint with their corresponding vertebral body. For the sec-
ond to the ninth ribs, the head articulates by means of a syn-
ovial joint on the body of the corresponding vertebra and on
that of the vertebra above (Fig. 2-4).
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Joints of the Tubercles of the Ribs

The tubercle articulates by means of a synovial joint with the
transverse process of the vertebra to which it corresponds
numerically (Fig. 24). (It is absent on the eleventh and
twelfth ribs.)

Costochondral Joints
These are cartilaginous joints, and no movement is possible.
Joints of the Costal Cartilages With the Sternum

The first costal cartilages are attached to the manubrium,
and no movement is possible (Fig. 2-1). The second costal
cartilages articulate with the manubrium and body of the
sternum by a mobile synovial joint. The third to the seventh
costal cartilages articulate with the lateral border of the ster-
num by synovial joints. (The sixth, seventh, eighth, ninth,
and tenth costal cartilages articulate with each other along
their borders by small synovial joints. The cartilages of the
eleventh and twelfth ribs are embedded in the abdominal
musculature.)

Movements of the Ribs and Costal Cartilages

The first ribs and their costal cartilages are fixed to the
manubrium and are immobile. The raising and lowering of
the ribs during respiration are accompanied by movements
in both the joints of the head and the tubercle, permitting
the neck of each rib to rotate around its own axis.

Joints of the Sternum

The manubriosternal joint is a cartilaginous joint between
the manubrium and the body of the sternum. A small
amount of angular movermnent is possible during respiration.
The xiphisternal joint is a cartilaginous joint between the
xiphoid process (cartilage) and the body of the sternum.
The xiphoid process usually fuses with the body of the ster-
num during middle age.

INTERCOSTAL SPACES

The spaces between the ribs are called intercostal spaces.
Each space contains three muscles of respiration: the exter-
nal intercostal, the internal intercostal, and the innermost in-
tercostal muscle. The innermost intercostal muscle is lined
internally by the endothoracic fascia, which is lined inter-
nally by the parietal pleura. The intercostal nerves and
blood vessels run between the intermediate and deepest
layers of muscles (Fig. 2-7). They are arranged in the follow-
ing order from above downward: intercostal vein, inter-
costal artery, and intercostal nerve (i.e., VAN).

INTERCOSTAL MUSCLES

The external intercostal muscle forms the most superfi-
cial layer. Its fibers are directed downward and forward
from the inferior border of the rib above to the superior bor-
der of the rib below (Fig. 2-7). The muscle extends forward
from the rib tubercle behind to the costochondral junction
in front, where the muscle is replaced by an aponeurosis,
the anterior (external) intercostal membrane (Fig. 2-8).

The internal intercostal muscle forms the intermediate
layer. Its fibers are directed downward and backward from
the subcostal groove of the rib above to the upper border of
the rib below (Fig. 2-7). The muscle extends backward from
the sternum in front to the angles of the ribs behind, where
the muscle is replaced by an aponeurosis, the posterior (in-
ternal) intercostal membrane (Fig. 2-8).

.-é)L«.bSﬂ’ il Juolia B

Gz Lpoae a1 5 2al) o pme Ml S as 2003 Ladess
ekl Lk gt 5 ) (42 JSA) () Juaie dal
2, 11
rdudgpiail] Leeliall Joalil] .C

A8 L I Ay by b fuolis b

ipadll po ualinll canslinill Juolia .

Hwtﬁtwcwmdd}m@.@hq”ﬂbﬁ
o o 3 U bl Oyl aden s (122 S5l A e
Jraia SIS 5 8 e 5 i el gy ol ey 32 0 S
droliis, jadll LUl U s dall o 2 Ralall Gy jliadll
Lol y Lty Gl y Laldl bl iy )il faiaziy (aLS;
sty e ) Jolic Wil dgb e and! e o 3 200
(o) Llae 3 Jhe JWy e ol el Byl
ualial) cayyliaitly eMs¥ SIS, TT

st any iy i) (3 0y ety S Y bl s
3 LS o il I NS ol Tl G2 xS e
oo 5 g pul UL s L iy lall ) Jolin S

A ey J g O

ipadt Juolae JII

e 3 Aiad o B Jaie b () (5 gl il O]
Jradlh il 3o 25113 e P B (Sl
e ey (D by BN 3y aE Jeaks gr B gl )
sl Lo b 8 el e s B3l gla ) ol
dyett Slalud | ¢

s J57 508 o3 iy ) SULL ¢ 3o oy LA o5
iyl AUl a5 el a1 o BiS O e OB
s By LU gor g (3 acdas sae ) By ol sy e
sy 2yl i s bl bl Lol o A1y
0555y (T-2 S5ty Gas Wy daw ) ppdiaal) Gaidall o ) )
(a3 O s Sy e L e e U el e i
(VAN (W O 2V s e ey ) )5 ae
sausygll SDaall ¢

Lol g aodae 2SY1 Aatall 3 AL Bl Ay ) ) dliaal) (S0es
L glalt U ) Ladkel w51 alall alandt Bl o ply Jan
3 el Lo e WL Al (72 Sy Leind w1 alall
Hun Waal Jizd S LY 3 3 adl alad JLay! ) cals
(82 JSdy (o)) (Ul gy g slaah e Sl

0 VRV PO e (- 6B WO JSs
Ty glal) U ) Ladtel it ) aiald aaliall o a0 e
3 o e Cidonl) Alaalt azF (7-2 S5ty Lgbiad wilyh alall
2 Gl o Al Jtad oo GG DY) ) pl Y
(82 JSeadly (ol (-1 g g sl

Q-

(Gyall jldod| A Jadl) —



The innermost intercostal muscle forms the deepest
layer and corresponds to the transversus abdominis muscle
in the anterior abdominal wall. It is an incomplete muscle
layer and crosses more than one intercostal space within the
ribs. It is related internally to fascia (endothoracic fascia)
and parietal pleura and externally to the intercostal nerves
and vessels. The innermost intercostal muscle can be di-
vided into three portions (Fig. 2-8), which are more or less
separate from one another.

Action

When the intercostal muscles contract, they all tend to pull
the ribs nearer to one another. If the first rib is fixed by the
contraction of the muscles in the root of the neck, namely,
the scaleni muscles, the intercostal muscles will raise the
second to the twelfth ribs toward the first rib, as in inspira-
tion. If, conversely, the twelfth rib is fixed by the quadratus
lumborum muscle and the oblique muscles of the ab-
domen, the first to the eleventh ribs will be lowered by the
contraction of the intercostal muscles, as in expiration. In
addition, the tone of the intercostal muscles during the dif-
ferent phases of respiration serves to strengthen the tissues
of the intercostal spaces, thus preventing the sucking in or
the blowing out of the tissues with changes in intrathoracic
pressure. For further details concerning the action of these
muscles, see mechanics of respiration on pagel34.

Nerve Supply

The intercostal muscles are supplied by the corresponding
intercostal nerves.

The intercostal nerves and blood vessels (the neurovas-
cular bundle), as in the abdominal wall, run between the
middle and innermost layers of muscles (Figs. 2-7 and 2-8).
They are arranged in the following order from above down-
ward: intercostal vein, intercostal artery, and intercostal
nerve (i.e., VAN).

INTERCOSTAL ARTERIES AND VEINS

Each intercostal space contains a large single posterior in-
tercostal artery and two small anterior intercostal arteries.

The posterior intercostal arteries of the first two
spaces are branches from the superior intercostal artery, a
branch of the costocervical trunk of the subclavian artery.
The posterior intercostal arteries of the lower nine spaces
are branches of the descendirg thoracic ao-ta (Figs. 2-8 and
2:9).

The anterior intercostal arteries of the first six spaces
are branches of the internal thoracic artery (Figs. 2-8 and 2-
9). The anterior intercostal arteries of the lower spaces are
branches of the musculophrenic artery, one of the terminal
branches of the internal thoracic artery.

Each intercostal artery gives off branches to the muscles,
skin, and parietal pleura. [n the region of the breast in the fe-
male, the branches to the superficial structures are particu-
larly large.

The corresponding posterior intercostal veins drain
backward into the azygos or hemiazygos veins (Figs. 29 and
2-10), and the anterior intercostal veins drain forward
into the internal thoracic and musculophrenic veins.
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Figure 2-8 Cross section of the thorax showing distribution of a typical intercostal nerve and a
posterior and an anterior intercostal artery.
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Figure 2-10 Diagram showing the common arrangement of
the azygos vein, the superior hemiazygos (accessory hemi-
azygos) vein, and the inferior hemiazygos (hemiazygos) vein.
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INTERCOSTAL NERVES

The intercostal nerves are the anterior rami of the first 11 tho-
racic spinal nerves (Fig. 2-11). The anterior ramus of the
twelfth thoracic nerve lies in the abdomen and runs forward
in the abdominal wall as the subcostal nerve.

Each intercostal nerve enters an intercostal space be-
tween the parietal pleura and the posterior intercostal mem-
brane (Figs. 2-7 and 2-8). It then runs forward inferiorly to
the intercostal vessels in the subcostal groove of the corre-
sponding rib, between the innermost intercostal and inter-
nal intercostal muscle. The first six nerves are distributed
within their intercostal spaces. The seventh to ninth inter-
costal nerves leave the anterior ends of their intercostal
spaces by passing deep to the costal cartilages, to enter the
anterior abdominal wall. In the case of the tenth and
eleventh nerves, since the corresponding ribs are floating,
these nerves pass directly into the abdominal wall.

Branches
See Figures 2-8 and 2-11.

e Rami communicantes connect the intercostal nerve to
a ganglion of the sympathetic trunk (see Fig. 1-26). The
gray ramus joins the nerve medial to the point at which
the white ramus leaves it.

e A collateral branch, which runs forward inferiorly to the
main nerve on the upper border of the rib below.

@ A lateral cutaneous branch, which reaches the skin on
the side of the chest. It divides into an anterior and a pos-
terior branch.
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The distribution of two intercostal nerves relative to the rib cage.
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e An anterior cutaneous branch, which is the terminal

portion of the main trunk, reaches the skin near the mid- > J== = t""}" o Fe ol gn s sf'u' gMr g pe

line. It divides into a medial and a lateral branch.

e Numerous muscular branches are given off by the main
nerve and its coliateral branch.

e Pleural sensory branches to the parietal pleura.

e Peritoneal sensory branches to the parietal peri-
toneum (seventh to eleventh intercostal nerves only).

The first intercostal nerve is joined to the brachial
plexus by a large branch that is equivalent to the lateral cu-
taneous branch of typical intercostal nerves. The remainder
of the first intercostal nerve is small, and there is no anterior
cutaneous branch.

The second intercostal nerve is joined to the medial
cutaneous nerve of the arm by a branch, called the inter-
costobrachial nerve, that is equivalent to the lateral cuta-
neous branch of other nerves. The second intercostal nerve
therefore supplies the skin of the armpit and the upper me-
dial side of the arm. In coronary artery disease, pain is re-
ferred along this nerve to the medial side of the arm.

With the exceptions noted, the first six intercostal nerves
therefore supply (a) the skin and the parietal pleura cover-
ing the outer and inner surfaces of each intercostal space,
respectively, and (b) the intercostal muscles of each inter-
costal space and the levatores costarum and serratus poste-
rior muscles.

In addition, the seventh to the eleventh intercostal nerves
supply (a) the skin and the parietal peritoneum covering the
outer and inner surfaces of the abdominal wall, respec-
tively, and (b) the anterior abdominal muscles, which in-
clude the external oblique, internal oblique, transversus ab-
dominis, and rectus abdominis muscles.
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SUPRAPLEURAL MEMBRANE

Superiorly, the thorax opens into the root of the neck by a
narrow aperture. As stated previously, it is bounded by the
superior border of the manubrium sterni, by the medial bor-
ders of the first ribs, and by the body of the first thoracic ver-
tebra. The thoracic outlet transmits structures that pass be-
tween the thorax and the neck (esophagus, trachea, blood
vessels, etc.) and for the most part lie close to the midline.
On either side of these structures the outlet is closed by a
dense fascial layer called the suprapleural membrane
(Fig. 2-12). This tentshaped fibrous sheet is attached later-
ally to the medial border of the first rib and costal cartilage.
It is attached at its apex to the tip of the transverse process
of the seventh cervical vertebra and medially to the fascia
investing the structures passing from the thorax into the
neck. It protects the underlying cervical pleura and resists
the changes in intrathoracic pressure occurring during res-
piratory movements.

ENDOTHORACIC FASCIA

The endothoracic fascia is a thin layer of loose connective
tissue that separates the parietal pleura from the thoracic
wall. The suprapleural membrane is a thickening of this
fascia.

DIAPHRAGM

Inferiorly, the thorax opens into the abdomen by a wide
opening. It is bounded by the xiphisternal joint, the costal
margin, and the body of the twelfth thoracic vertebra. It is
closed by a muscular and tendinous septum, the di-
aphragm, which is pierced by the structures that pass be-
tween the thorax and the abdomen.

The diaphragm is the primary muscle of respiration. It is
dome-shaped and consists of a peripheral muscular part,
which arises from the margins of the thoracic opening, and
a centrally placed tendon (Fig. 2-13). The origin of the di-
aphragm can be divided into three parts:

@ A sternal part consisting of small right and left slips aris-
ing from the posterior surface of the xiphoid process (Fig.
2-2).

® A costal part consisting of six slips that arise from the
deep surfaces of the lower six ribs and their costal carti-
lages (Fig. 2-13).

e A vertebral part arising by means of vertical columns or
crura and from the arcuate ligaments.

The right crus arises from the sides of the bodies of the
first three lumbar vertebrae and the intervertebral discs; the
left crus arises from the sides of the bodies of the first two
lumbar vertebrae and the intervertebral disc (Fig. 2-13).

Lateral to the crura the diaphragm arises from the medial
and lateral arcuate ligaments (Fig. 2-13). The medial lig-
ament is the thickened upper margin of the fascia covering
the anterior surface of the psoas muscle (Fig. 2-13), and the
lateral ligament is the thickened upper margin of the fascia
covering the anterior surface of the quadratus lumborum
muscle. The medial arcuate ligament extends from the side
of the body of the second lumbar vertebra to the tip of the
transverse process of the first lumbar vertebra. The lateral ar-
cuate ligament extends from the tip of the transverse pro-
cess of the first lumbar vertebra to the lower border of the
twelfth rib.

The fibrous medial borders of the two crura are con-
nected by a median arcuate ligament, which crosses over
the anterior surface of the aorta (Fig. 2-13).
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Figure 2-12 Lateral view of the upper opening of the tho-
racic cage showing how the apex of the lung projects supe-
riorly into the root of the neck. The apex of the lung is cov-
ered with visceral and parietal layers of pleura and is
protected by the suprapleural membrane, which is a thick-
ening of the endothoracic fascia.
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The diaphragm is inserted into a central tendon, which
is shaped like three leaves. The superior surface of the ten-
don is partially fused with the inferior surface of the fibrous
pericardium. Some of the muscle fibers of the right crus pass
up to the left and surround the esophageal orifice in a sling-
like loop. These fibers appear to act as a sphincter and pos-
sibly assist in the prevention of regurgitation of the stomach
contents into the thoracic part of the esophagus (Fig. 2-13).

Shape of the Diaphragm

As seen from in front, the diaphragm curves up into right
and left domes. The right dome reaches as high as the upper
border of the fifth rib, and the left dome may reach the lower
border of the fifth rib. (The right dome lies at a higher level
probably because of the large size of the right lobe of the
liver.) The central tendon lies at the level of the xiphisternal
joint. The domes support the right and left lungs, whereas
the central tendon supports the heart. The levels of the di-
aphragm vary with the phase of respiration, the posture, and
the degree of distention of the abdominal viscera. The di-
aphragm is lower when a person is sitting or standing; it is
higher in the supine position and after a large meal.

When seen from the side, the diaphragm has the appear-
ance of an inverted J, the long limb extending up from the
vertebral column and the short limb extending forward to
the xiphoid process (Fig. 2-2).
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Openings in the Diaphragm
The diaphragm has three main openings:

1. The aortic opening, which lies anterior to the body of
the twelfth thoracic vertebra between the crura (Fig. 2-
13). It transmits the aorta, the thoracic duct, and the azy-
gos vein.

2. The esophageal opening, which lies at the level of the
tenth thoracic vertebra in a sling of muscle fibers derived
from the right crus (Fig. 2-13). It transmits the esophagus,
the right and left vagus nerves, the esophageal branches
of the left gastric vessels, and the lymphatics from the
lower one-third of the esophagus.

3. The caval opening, which lies at the level of the eighth
thoracic vertebra in the central tendon (Fig. 2-13). It
transmits the inferior vena cava and terminal branches of
the right phrenic nerve.

Other Openings

The greater, lesser, and lowest splanchnic nerves pierce the
crura; the sympathetic trunks pass posterior to the medial ar-
cuate ligament on each side; and the superior epigastric ves-
sels pass between the sternal and costal origins of the di-
aphragm on each side (Fig. 2-13). The left phrenic nerve
pierces the left dome to supply the peritoneum on its un-
dersurface, and the neurovascular bundles of the seventh to
the eleventh intercostal spaces pass into the anterior ab-
dominal wall between the muscular slips of the costal origin
of the diaphragm.

Action of the Diaphragm

On contraction, the diaphragm pulls down its central ten-
don and increases the vertical diameter of the thorax.

Nerve Supply of the Diaphragm

The motor nerve supply on each side is from the phrenic
nerve (C3, 4, 5) only. The sensory nerve supply to the pari-
etal pleura and peritoneum covering the central surfaces of
the diaphragm is from the phrenic nerve. The sensory sup-
ply to the periphery of the diaphragm is from the lower six
intercostal nerves.

Functions of the Diaphragm

1. Muscle of inspiration: The diaphragm is the most im-
portant muscle used in inspiration.

2. Muscle of abdominal straining: Its contraction aids
that of the muscles of the anterior abdominal wall in rais-
ing the intra-abdominal pressure to evacuate the pelvic
contents (micturition, defecation, parturition). This
mechanism is further aided by the person taking a deep
breath and closing the glottis of the larynx. The di-
aphragm is unable to rise because of the air trapped in
the respiratory tract. Now and again, air is allowed to es-
cape, producing a grunting sound.

3. Weight-lifting muscle: By taking a deep breath and fix-
ing the diaphragm as described above, it is possible to
raise the intra-abdominal pressure to such an extent that
it will help support the vertebral column and prevent flex-
ion. This greatly assists the postvertebral muscles in the
lifting of heavy weights. Needless to say, it is important to
have adequate sphincteric control of the bladder and
anal canal under these circumstances.
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Figure 2-13 Diaphragm as seen from below. The anterior portion of the right side has been re-
moved. Note sternal, costal, and vertebral origins of muscle and important structures that pass

through it.
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4. Thoracoabdominal pump: The descent of the di-
aphragm decreases the intrathoracic pressure and at the
same time increases the intra-abdominal pressure. This
pressure change compresses the blood in the inferior
vena cava and forces it upward into the right atrium of
the heart. Lymph within the abdominal lymph vessels is
also compressed, and its passage upward within the tho-
racic duct is aided by the negative intrathoracic pressure.
The presence of valves within the thoracic duct prevents
backflow.

INTERNAL THORACIC ARTERY

The internal thoracic artery supplies the anterior wall of the
body from the clavicle to the umbilicus. It is a branch of the
first part of the subclavian artery in the neck. It descends ver-
tically on the pleura behind the costal cartilages, a fingers-
breadth lateral to the sternum, and ends in the sixth inter-
costal space by dividing into the superior epigastric and
musculophrenic arteries (Figs. 2-8 and 2-9).

Branches

e Two anterior intercostal arteries for the upper six in-
tercostal spaces.

o Perforating arteries, which accompany the terminal
branches of the corresponding intercostal nerves.

e The pericardiacophrenic artery, which accompanies
the phrenic nerve and supplies the pericardium,

e Mediastinal arteries to the contents of the anterior me-
diastinum, for example, the thymus.
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e The superior epigastric artery, which enters the rectus
sheath of the anterior abdominal wall and supplies the
rectus muscle as far as the umbilicus.

e The musculophrenic artery, which runs around the
costal margin of the diaphragm and supplies the lower in-
tercostal spaces and the diaphragm.

INTERNAL THORACIC VEIN

The internal thoracic vein begins as small veins accompa-
nying the internal thoracic artery. The small veins eventually
join to form a single vessel, which drains into the brachio-
cephalic vein on each side.

LEVATORES COSTARUM

There are 12 pairs of muscles. Each levator costae is trian-
gular in shape and arises by its apex from the tip of the trans-
verse process and is inserted into the rib below.

e Action: Each levator costae raises the rib below and is
therefore an inspiratory muscle.
e Nerve supply: Posterior rami of thoracic spinal nerves.

SERRATUS POSTERIOR SUPERIOR MUSCLE

The serratus posterior superior is a thin, flat muscle that
arises from the lower cervical and upper thoracic spines. Its
fibers pass downward and laterally and are inserted into the
upper ribs.

e Action: [t elevates the ribs and is therefore an inspiratory
muscle.
e Nerve supply: Intercostal nerves.

SERRATUS POSTERIOR INFERIOR MUSCLE

The serratus posterior inferior is a thin, flat muscle that arises
from the upper lumbar and lower thoracic spines. Its fibers
pass upward and laterally and are inserted into the lower
ribs.

e Action: It depresses the ribs and is therefore an expira-
tory muscle.
e Nerve supply: Intercostal nerves.

A summary of the muscles of the thorax, their nerve sup-
ply, and their actions is given in Table 2-1.
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muscle (incomplete
layer)

Diaphragm (most
important muscle
of respiration)

Xiphoid process;
lower six costal
cartilages, first
three lumbar
vertebrae

Central tendon

Phrenic nerve

Joalt andll S e Jaall st
EWECUE: F B TP T (PSR RO AT iy Slastl | aLalla dall U el A UL | 3l aliaal
oy il Y o a5 el =t gl Ll 5" (11
) dladlly W) aLall ey al) "oy b
M et e Y i s Ay obaet | oLl 4l L el i B G | U ) s
azf g PR L e N
"Gl i
ol y 2l 2, ) ) el gl olasl PSR Y EF 0 [ QR SV RGP ETEN]
(WS 8 aially
all (63 paalt il a5 L daln Ryt diae S GE N G| A el Gyl e ) | e ol
3 A Jie S (655 N e dal FCSYAREY I TP - RE - P ) (I WU IS o T W I}
deliy bl o5 @y il g s oy RN (il 3
013 5y 3 IS
kgt OMae b Wy YeY i | il gyl Lt b bl | s N Gl e e il 55 (12) ¢ e 2l )
1S s las L IPHPPRNS (P, [ PSP PRI |
iy ylal) 11,01 o yall o aall
gt e 00 My B i | e Al S | Rpally i AN e | & Rl 3l
i ylall
duysy i g JUy g MW ek Ly olashl il g Mo | Ayl Ayl el 81,281 | A Al 3 el
i
i‘ Table 2-1 ‘Muscles of the Thorax
Name of Muscle Origin Insertion Nerve Supply Action
External intercostal Inferior border of Superior border of Intercostal nerves With first rib fixed they
muscle (11) (fibers pass rib rib below raise ribs during
downward and forward) inspiration and thus
Internal intercostal muscle Inferior border of Superior border of Intercostal nerves increase anteroposterior
(11) (fibers pass rib rib below and transverse
downward and diameters of thorax.
backward) With last rib fixed by
abdominal muscles they
lower ribs during
expiration
Innermost intercostal Adjacent ribs Adjacent ribs Intercostal nerves Assist external and internal

intercostal muscles

Very important muscle of
inspiration; increases
vertical diameter of
thorax by pulling central
tendon downward, assists
in raising lower ribs. Also
used in abdominal
straining and weight lifting

|

Levatores costarum (12) Tip of transverse Rib below Posterior rami of Raise ribs and therefore
process of C7 and thoracic spinal inspiratory muscles
T1-11 vertebrae nerves
Serratus posterior Lower cervical and Upper ribs Intercostal nerves Raise ribs and therefore
superior upper thoracic inspiratory muscles
spines
Serratus posterior Upper lumbar and Lower ribs Intercostal nerves Depresses ribs and therefore
inferior lower thoracic expiratory muscles
spines
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This is fully described on page 166 Chapter 3.
@& SURFACE ANATOMY

As physicians you will be examining the chest to detect evi-
dence of disease. Your examination will consist of inspec-
tion, palpation, percussion, and auscultation.

Inspection shows the configuration of the chest, the
range of respiratory movement, and any inequalities on the
two sides. The type and rate of respiration will also be noted.

Palpation will enable the physician to confirm the im-
pressions gained by inspection, especially of the respiratory
movements of the chest wall. Abnormal protuberances or
recession of part of the chest wall will be noted. Abnormal
pulsations will also be felt and tender areas detected.

Percussion is a sharp tapping of the chest wall with the
fingers. This produces vibrations that extend through the tis-
sues of the thorax. Air-containing organs such as the lungs
produce a resonant note; conversely, a more solid viscus
such as the heart produces a dull note. With practice, it is
possible to distinguish the lungs from the heart or the liver
by percussion.

Auscultation enables the physician to listen to the
breath sounds as the air enters and leaves the respiratory
passages. Should the alveoli or bronchi be diseased and
filled with fluid, the nature of the breath sounds will be al-
tered. The rate and rhythm of the heart can be confirmed by
auscultation, and the various sounds produced by the heart
and its valves during the different phases of the cardiac cy-
cle can be heard. It may be possible to detect friction
sounds produced by the rubbing together of diseased layers
of pleura or pericardium.

To make these examinations, a physician must be famil-
iar with the normal structure of the thorax and must have a
mental image of the normal position of the lungs and heart
in relation to identifiable surface landmarks. Furthermore, it
is essential that a physician be abie to relate any abnormal
findings to easily identifiable bony landmarks so that he or
she can accurately record and communicate them to col-
leagues.

Since the thoracic wall actively participates in the move-
ments of respiration, many bony landmarks change their
levels with each phase of respiration. In practice, to simplify
matters, the levels given are those usually found at about
midway between full inspiration and full expiration.

Anterior Chest Wall

The suprasternal notch is the superior margin of the
manubrium sterni and is easily felt between the prominent
medial ends of the clavicles in the midline (Figs. 2-14 and 2-
15). It lies opposite the lower border of the body of the sec-
ond thoracic vertebra (Fig. 2-2).

The sternal angle (angle of Louis) is the angle made
between the manubrium and body of the sternum (Figs. 2-
14 and 2-15). It lies opposite the intervertebral disc between
the fourth and fifth thoracic vertebrae (Fig. 2-2). The posi-
tion of the sternal angle can easily be felt and is often seen
as a transverse ridge. The finger moved to the right or to the
left will pass directly onto the second costal cartilage and
then the second rib. All ribs may be counted from this point.
Occasionally in a very muscular male, the ribs and inter-
costal spaces are often obscured by large pectoral muscles.
In these cases it may be easier to count up from the twelfth
rib.
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Figure 2-14 Anterior view of the thorax of a 27-year-old man.
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Figure 2-15 Anterior view of the thorax and abdomen of a 29-year-old woman.
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Figure 2-16 Posterior view of the thorax of a 29-year-old woman.
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The xiphisternal joint is the joint between the xiphoid
process of the stermum and the body of the sternum (Fig. 2-
17). It lies opposite the body of the ninth thoracic vertebra
(Fig. 2-2).

The subcostal angle is situated at the inferior end of the
sternum, between the sternal attachments of the seventh
costal cartilages (Fig. 2-17).

The costal margin is the lower boundary of the thorax
and is formed by the cartilages of the seventh, eighth, ninth,
and tenth ribs and the ends of the eleventh and twelfth car-
tilages (Figs. 2-14 and 2-15). The lowest part of the costal
margin is formed by the tenth rib and lies at the level of the
third lumbar vertebra.

The clavicle is subcutaneous throughout its entire length
and can be easily palpated (Figs. 2-14 and 2-15). It articu-
lates at its lateral extremity with the acromion process of the
scapula.

Ribs

The first rib lies deep to the clavicle and cannot be palpated.
The lateral surfaces of the remaining ribs can be felt by
pressing the fingers upward into the axilla and drawing
them downward over the lateral surface of the chest wall.
The twelfth rib can be used to identify a particular rib by
counting from below. However, in some individuals, the
twelfth rib is very short and difficult to feel. For this reason
an alternative method may be used to identify ribs by first
palpating the sternal angle and the second costal cartilage
(see under sternal angle).

Diaphragm

The central tendon of the diaphragm lies directly behind
the xiphisternal joint. In the midrespiratory position the
summit of the right dome of the diaphragm arches upward
as far as the upper border of the fifth rib in the midclavicu-
lar line, but the left dome only reaches as far as the lower
border of the fifth rib.
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Figure 2-17 Surface landmarks of anterior (A) and posterior (B) thoracic walls.
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Nipple

In the male it usually lies in the fourth intercostal space
about 4 inches (10 cm) from the midline. In the female its
position is not constant.

Apex Beat of the Heart

The apex of the heart is formed by the lower portion of the left
ventricle. The apex beat is caused by the apex of the heart be-
ing thrust forward against the thoracic wall as the heart con-
tracts. (The heart is thrust forward with each ventricular con-
traction because of the ejection of blood from the left
ventricle into the aorta; the force of the blood in the aorta
tends to cause the curved aorta to straighten slightly, thus
pushing the heart forward.) The apex beat can usually be felt
by placing the flat of the hand on the chest wall over the heart.
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After the area of cardiac pulsation has been determined, the
apex beat is accurately localized by placing two fingers over
the intercostal spaces and moving them until the point of max-
imum pulsation is found. The apex beat is normally found in
the fifth left intercostal space 3 1/2 inches (9 cm) from the mid-
line. Should you have difficulty in finding the apex beat, have
the patient lean forward in the sitting position.

In the female with pendulous breasts, the examining fin-
gers should gently raise the left breast from below as the in-
tercostal spaces are palpated.

Axillary Folds

The anterior fold is formed by the lower border of the pec-
toralis major muscle (Figs. 2-14 and 2-15). This can be made
to stand out by asking the patient to press a hand hard
against the hip. The posterior fold is formed by the tendon
of the latissimus dorsi muscle as it passes around the lower
border of the teres major muscle.

Posterior Chest Wall

The spinous processes of the thoracic vertebrae can be
palpated in the midline posteriorly (Fig. 2-18). The index fin-
ger should be placed on the skin in the midline on the pos-
terior surface of the neck and drawn downward in the
nuchal groove. The first spinous process to be felt is that of
the seventh cervical vertebrae (vertebra prominens).
Below this level are the overlapping spines of the thoracic
vertebrae. The spines of C1-6 vertebrae are covered by a
large ligament, the ligamentum nuchae. It should be noted
that the tip of a spinous process of a thoracic vertebra lies
posterior to the body of the next vertebra below.

The scapula (shoulder blade) is flat and triangular in
shape and is located on the upper part of the posterior surface
of the thorax. The superior angle lies opposite the spine of
the second thoracic vertebra (Figs. 2-16 and 2-18). The spine
of the scapula is subcutaneous, and the root of the spine lies
on a level with the spine of the third thoracic vertebra (Figs.
2-16 and 2-18). The inferior angle lies on a level with the
spine of the seventh thoracic vertebra (Figs. 2-16 and 2-18).

Lines of Orientation

Several imaginary lines are sometimes used to describe sur-
face locations on the anterior and posterior chest walls:

e Midsternal line: Lies in the median plane over the ster-
num (Fig. 2-17).

e Midclavicular line: Runs vertically downward from the
midpoint of the clavicle (Fig. 2-17).

e Anterior axillary line: Runs vertically downward from
the anterior axillary fold (Fig. 2-17).

e Posterior axillary line: Runs vertically downward from
the posterior axillary fold.

e Midaxillary line: Runs vertically downward from a point
situated midway between the anterior and posterior axil-
lary folds.

@ Scapular line: Runs vertically downward on the poste-
rior wall of the thorax (Fig. 2-18), passing through the in-
ferior angle of the scapula (arms at the sides).
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Figure 2-18 Surface landmarks of the posterior thoracic wall.

Trachea

The trachea extends from the lower border of the cricoid
cartilage (opposite the body of the sixth cervical vertebra)
in the neck to the level of the sternal angle in the thorax (Fig.
2-19). It commences in the midline and ends just to the right
of the midline by dividing into the right and left principal
bronchi. At the root of the neck it may be palpated in the
midline in the suprasternal notch.

Lungs

The apex of the lung projects into the neck. It can be
mapped out on the anterior surface of the body by drawing
a curved line, convex upward, from the sternoclavicular
joint to a point 1 inch (2.5 cm) above the junction of the me-
dial and intermediate thirds of the clavicle (Fig. 2-19).

The anterior border of the right lung begins behind
the sternoclavicular joint and runs downsvard almost reach-
ing the midline behind the sternal angle. It then continues
downward until it reaches the xiphisternal joint (Fig. 2-19).
The anterior border of the left lung has a similar course,
but at the level of the fourth costal cartilage it deviates iater-
ally and extends for a variable distance beyond the lateral
margin of the sternum to form the cardiac notch (Fig. 2-19).
This notch is produced by the heart displacing the lung to
the left. The anterior border then turns sharply downward to
the level of the xiphisternal joint.

The lower border of the lung in midinspiration follows
a curving line, which crosses the sixth rib in the midclavicu-
lar line and the eighth rib in the midaxillary line, and
reaches the tenth rib adjacent to the vertebral column pos-
teriorly (Figs. 2-19, 220, and 2-21). It is important to under-
stand that the level of the inferior border of the lung changes
during inspiration and expiration.
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The posterior border of the lung extends downward
from the spinous process of the seventh cervical vertebra to
the level of the tenth thoracic vertebra and lies about 1 1/2
inches (4 cm) from the midline (Fig. 2-20).

The oblique fissure of the lung can be indicated on the
surface by a line drawn from the root of the spine of the
scapula obliquely downward, laterally and anteriorly, fol-
lowing the course of the sixth rib to the sixth costochondral
junction. In the left lung the upper lobe lies above and an-
terior to this line; the lower lobe lies below and posterior to
it (Figs. 2-19 and 2-20).

In the right lung is an additional fissure, the horizontal
fissure, which may be represented by a line drawn hori-
zontally along the fourth costal cartilage to meet the oblique
fissure in the midaxillary line (Figs. 2-19 and 2-21). Above
the horizontal fissure lies the upper lobe and below it lies
the middle lobe; below and posterior to the oblique fissure
lies the lower lobe.

Pleura

The boundaries of the pleural sac can be marked out as lines
on the surface of the body. The lines, which indicate the lim-
its of the parietal pleura where it lies close to the body sur-
face, are referred to as the lines of pleural reflection.

The cervical pleura bulges upward into the neck and
has a surface marking identical to that of the apex of the
lung. A curved line may be drawn, convex upward, from the
sternoclavicular joint to a point 1 inch (2.5 cm) above the
junction of the inedial and int~rmediate thirds of the clavi-
cle (Fig. 2-19).

The anterior border of the right pleura runs down be-
hind the sternoclavicular joint, almost reaching the midline
behind the sternal angle. It then continues downward until
it reaches the xiphisternal joint. The anterior border of the
left pleura has a similar course, but at the level of the fourth
costal cartilage it deviates laterally and extends to the lateral
margin of the sternum to form the cardiac notch. (Note that
the pleural cardiac notch is not as large as the cardiac notch
of the lung.) It then turns sharply downward to the xiphis-
ternal joint (Fig. 2-19).
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Figure 2-20 Surface markings of lungs and parietal pleura on the posterior thoracic wall.
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Figure 2-21 Surface markings of lungs and parietal pleura on lateral thoracic walls.
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The lower border of the pleura on both sides follows a
curved line, which crosses the eighth rib in the midclavicu-
lar line and the tenth rib in the midaxillary line, and reaches
the twelith rib adjacent to the vertebral column, that is, at
the lateral border of the erector spinae muscle (Figs. 2-19, 2-
20, and 2-21). Note that the lower margins of the lungs cross
the sixth, eighth, and tenth ribs at the midclavicular lines,
the midaxillary lines, and the sides of the vertebral column,
respectively, and the lower margins of the pleura cross, at
the same points, respectively, the eighth, tenth, and twelfth
ribs. The distance between the two borders corresponds to
the costodiaphragmatic recess. (See p]24)
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Heart

For practical purposes the heart may be considered to have
both an apex and four borders.

The apex, formed by tne left ventricle, corresponds to
the apex beat and is found in the fifth left intercostal space
3 1/2 inches (9 cm) from the midline (Fig. 2-22).

The superior border, formed by the roots of the great
blood vessels, extends from a point on the second left costal
cartilage (remember sternal angle) 1/2 inch (1.3 cm) from the
edge of the sternum to a point on the third right costal cartilage
1/2 inch (1.3 cm) from the edge of the stemum (Fig. 2-22).

The right border, formed by the right atrium, extends
from a point on the third right costal cartilage 1/2 inch (1.3
cm) from the edge of the sternum downward to a point on
the sixth right costal cartilage 1/2 inch (1.3 cm) from the
edge of the sternum (Fig. 2-22).

The left border, formed by the left ventricle, extends
from a point on the second left costal cartilage 1/2 inch (1.3
cm) from the edge of the sternum to the apex beat of the
heart (Fig. 2-22).

The inferior border, formed by the right ventricle and
the apical part of the left ventricle, extends from the sixth
right costal cartilage 1/2 inch (1.3 cm) from the sternum to
the apex beat (Fig. 2-22).

Thoracic Blood Vessels

The arch of the aorta and the roots of the brachio-
cephalic and left common carotid arteries lie behind the
manubrium sterni (Fig. 2-2).

The superior vena cava and the terminal parts of the
right and left brachiocephalic veins also lie behind the
manubrium sterni.

The internal thoracic vessels run vertically downward,
posterior to the costal cartilages, 1/2 inch (1.3 cm) lateral to
the edge of the sternum (Figs. 2-8 and 2-9), as far as the sixth
intercostal space.

The intercostal vessels and nerve (“vein, artery, nerve”—
VAN—is the order from above downward) are situated
immediately below their corresponding ribs (Fig. 2-7).

Mammary Gland

The mammary gland lies in the superficial fascia covering
the anterior chest wall (Fig. 2-15). In the child and in men
it is rudimentary. In the female after puberty it enlarges
and assumes its hemispherical shape. In the young adult
female it overlies the second to the sixth ribs and their
costal cartilages and extends from the lateral margin of the
sternum to the midaxillary line. Its upper lateral edge ex-
tends around the lower border of the pectoralis major and
enters the axilla. In middle-aged multiparous women the
breasts may be large and pendulous. In older women past
menopause the adipose tissue of the breast may become
reduced in amount and the hemispherical shape lost; the
breasts then become smaller and the overlying skin is
wrinkled.

The structure of the mammary gland is described fully on
page chap 9-
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Jm AND COSTAL CARTILAGE IDENTIFICATION

When one is examining the chest from in front, the ster-
nal angle is a very important landmark. Its position can eas-
ily be felt and often be seen by the presence of a transverse
ridge. The finger moved to the right or to the left passes di-
rectly onto the second costal cartilage and then the second
rib. All other ribs can be counted from this point. The twelfth
rib can usually be felt from behind, but in some obese per-
sons this may prove difficult.

‘SKIN INNERVATION
>

The cutaneous innervation of the anterior chest wall
above the level of the sternal angle is derived from the
supraclavicular nerves (C3 and 4). Below this level the an-
terior and lateral cutaneous branches of the intercostal
nerves supply oblique bands of skin in regular sequence.
The skin on the posterior surface of the chest wall is sup-
plied by the posterior rami of the spinal nerves. The ar-
rangement of the dermatomes is shown in Chapter 1,
Figures 1-34 and 1-35.

An intercostal nerve not only supplies areas of skin but
also supplies the ribs, costal cartilages, intercostal muscles,
and the parietal pleura lining the intercostal space.
Furthermore, the seventh to eleventh intercostal nerves
leave the thoracic wall and enter the anterior abdominal
wall so that they, in addition, supply dermatomes on the an-
terior abdominal wall, muscles of the anterior abdominal
wall, and parietal peritoneum. This latter fact is of great clin-
ical importance because it means that disease in the tho-
racic wall may be revealed as pain in a dermatome that ex-
tends across the costal margin into the anterior abdominal
wall. For example, a pulmonary thromboembolism or a
pneumonia with pleurisy involving the costal parietal pleura
could give rise to abdominal pain and tenderness and rigid-
ity of the abdominal musculature.

AHERPES ZOSTER

Herpes zoster or shingles is a relatively common condi-
tion caused by the reactivation of the latent varicella-zoster
virus in a patient who has previously had chickenpox. The
lesion is seen as an inflammation and degeneration of the
sensory neuron in a cranial or spinal nerve with the forma-
tion of vesicles with inflammation of the skin. In the thorax
the first symptom is a band of dermatomal pain in the distri-
bution of the sensory neuron in a thoracic spinal nerve fol-
lowed in a few days by a skin eruption. The condition oc-
curs most frequently in patients older than 50 years.

=SKIN LymPH DRAINAGE

The Iymph drainage of the skin of the anterior chest
wall passes to the anterior axillary lymph nodes; that from
the posterior chest wall passes to the posterior axillary
nodes (Fig. 2-23). The lymphatic drainage of the intercostal
spaces passes forward to the internal thoracic nodes, situ-
ated along the internal thoracic artery, and posteriorly to the
posterior intercostal nodes and the para-aortic nodes in the
posterior mediastinum. The lymphatic drainage of the
breast is described on chap 9.
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= THORACIC CAGE DISTORTION

The shape of the thorax can be distorted by congenital
anomalies of the vertebral column or by the ribs.
Destructive disease of the vertebral column producing lat-
eral flexion or scoliosis results in marked distortion of the
thoracic cage.

=~ TRAUMATIC INJURY TO THE THORAX

Traumatic injury to the thorax is common, especially as a
result of automobile accidents. In children the ribs are highly
elastic, and fractures of ribs are therefore rare in this age
group. In the adult the ribs tend to break at their weakest part
in the region of their angles. The first four ribs are protected
by the clavicle and the pectoralis major muscle anteriorly
and by the scapula and its associated muscles posteriorly.
The last two ribs are mobile and are rarely injured.

Because the rib is sandwiched between the skin exter-
nally and the delicate pleura internally, it is not surprising
that the jagged ends of a fractured rib can penetrate the
lungs and produce a pneumothorax.

Severe localized pain is usually the most important symp-
tom of a fractured rib. The periosteum of each rib is inner-
vated by the intercostal nerves above and below the rib. To
encourage the patient to breathe adequately, it may be nec-
essary to relieve the pain by performing an intercostal nerve
block.

In severe crush injuries a number of ribs may break. If
limited to one side, the fractures may occur near the rib an-
gles and also anteriorly, near the costochondral junctions.
This causes flail chest. If the fractures occur on either side
of the sternum, the sternum may be flail. In either case, the
stability of the chest wall is lost, and the flail segment is
sucked in during inspiration and driven out during expira-
tion, thus producing paradoxical respiratory movements.
One of the dangers of a fractured rib is that it may damage
the underlying lung or upper abdominal organs, such as the
liver, stomach, and spleen. A good rule to remember is that
any injury to the chest below the level of the nipple line may
involve abdominal organs.

{CERWCAL Ris

A cervical rib (i.e., a rib arising from the anterior tubercle
of the transverse process of the seventh cervical vertebra)
occurs in about 0.5% of persons (Fig. 2-24). It may have a
free anterior end, may be connected to the first rib by a fi-
brous band, or may articulate with the first rib. The impor-
tance of a cervical rib is that it can cause pressure on the
lower trunk of the brachial plexus in some patients, produc-
ing pain down the medial side of the forearm and hand and
wasting of the small muscles of the hand. It can also exert
pressure on the overlying subclavian artery and interfere
with the circulation of the upper limb.

{NEEDLE THORACOSTOMY

This procedure is necessary in patients with tension pneu-
mothorax (air in the pleural cavity under pressure) or to drain
fluid (blood or pus) away from the pleural cavity to allow the
lung to re-expand. It may also be necessary to withdraw a
sample of pleural fluid for microbiologic examination.
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Figure 2-23 Lymphatic drainage of skin of thorax and abdomen. Note that levels of umbilicus ante-
riorly and iliac crests posteriorly may be regarded as watersheds for lymph flow.

la el (Say Chlad) B i jad) ol g Al A Byl clgia f BaY Lol g il st Aalll iy sl 1(23-2) JS2

Anterior Approach

With the patient in the supine position, the sternal angle
is identified, then the second costal cartilage and the sec-
ond rib and the second intercostal space are found in the
midclavicular line.

Lateral Approach

With the patient lying on the lateral side, the second in-
tercostal space is identified as above but the anterior axil-
lary line is used.

The skin is prepared in the usual way, and a local anes-
thetic is introduced along the course of the needle above the
upper border of the third rib. The thoracostomy needle will
pierce the following structures (Fig. 2-7) as it passes through
the chest wall; (@) skin, (b) superficial fascia (in the anterior
approach the pectoral muscles are then penetrated), (c) ser-
ratus anterior muscle, (d) external intercostal muscle, (e) in-
ternal intercostal muscle, (F) innermost intercostal muscle,
(g) endothoracic fascia, and (h) parietal pleura.

The needle should be kept close to the upper border of
the third rib to avoid injuring the intercostal vessels and
nerve in the subcostal groove.

('FUBE THORACOSTOMY

The preferred insertion site for a tube thoracostomy is the
fourth or fifth intercostal space at the anterior axillary line
(Fig. 225). The tube is introduced through a small incision.
The neurovascular bundle changes its relationship to the ribs
as it passes forward in the intercostal space. In the most pos-
terior part of the space the bundle lies in the middle of the in-
tercostal space. As the bundle passes forward to the rib angle
it becomes closely related to the lower border of the rib
above and maintains that position as it courses forward.

The introduction of a thoracostomy tube or needle
through the lower intercostal spaces is possible provided
that the presence of the domes of the diaphragm is remem-
bered as they curve upward into the rib cage as far as the
fifth rib (higher on the right). Avoid damaging the di-
aphragm and entering the peritoneal cavity and injuring the
liver, spleen, or stomach.
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Figure 2-24 Thoracic outlet as seen from above. Note the presence of cervical ribs (solid black) on
both sides. On the right side of the thorax, the rib is almost complete and articulates anteriorly
with the first rib. On the left side of the thorax, the rib is rudimentary but is continued forward as
fibrous band that is attached to the first costal cartilage. Note that the cervical rib may exert pres-
sure on the lower trunk of the brachial plexus and may kink the subclavian artery.
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= THORACOTOMY

In patients with penetrating chest wounds with uncon-
trolled intrathoracic hemorrhage, thoracotomy may be a
life-saving procedure. After preparing the skin in the usual
way, an incision is made over the fourth or fifth intercostal
space, extending from the lateral margin of the sternum to
the anterior axillary line (Fig. 2-26). Whether a right or left in-
cision will be made will depend on the site of the injury. For
access to the heart and aorta, the chest should be entered
from the left side. The following tissues will be incised (Fig.
2-25): (a) skin, (b) subcutaneous tissue, (¢) serratus anterior
and pectoral muscles, (d) external intercostal muscle and
anterior intercostal membrane, (e) internal intercostal mus-
cle, (f) innermost intercostal muscle, (g) endothoracic fas-
cia, and (h) parietal pleura.

Avoid the internal thoracic artery, which runs verti-
cally downward behind the costal cartilages about a fin-
gersbreadth lateral to the margin of the sternum, and the in-
tercostal vessels and nerve, which extend forward in the

subcostal groove in the upper part of the intercostal space
(Fig. 2-25).

;_R‘B ExcisionN

Rib excision is commonly performed by thoracic sur-
geons wishing to gain entrance to the thoracic cavity. A lon-
gitudinal incision is made through the periosteum on the
outer surface of the rib and a segment of the rib is removed.
A second longitudinal incision is then made through the
bed of the rib, which is the inner covering of periosteum.
Following the operation, the rib regenerates from the osteo-
genetic layer of the periosteum.
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Figure 2-25 Tube thoracostomy. A. The site for insertion of the tube at the anterior axillary line.
The skin incision is usually made over the intercostal space one below the space to be pierced. B.
The various layers of tissue penetrated by the scalpel and later the tube as they pass through the
chest wall to enter the pleural space (cavity). The incision through the intercostal space is kept
close to the upper barder of the rib to avoid injuring the intercostal vessels and nerve. C. The tube
advancing superiorly and posteriorly in the pleural space.
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£ STERNUM AND MARROW Biopsy

Since the sternum possesses red hematopoietic marrow
throughout life, it is a common site for marrow biopsy.
Under a local anesthetic, a wide-bore needle is introduced
into the marrow cavity through the anterior surface of the
bone. The sternum may also be split at operation to allow
the surgeon to gain easy access to the heart, great vessels,
and thymus.

‘PLEURAL REFLECTIONS

It is hardly necessary to emphasize the importance of
knowing the surface markings of the pleural reflections and
the lobes of the lungs. When listening to the breath sounds
of the respiratory tract, it should be possible to have a men-
tal image of the structures that lie beneath the stethoscope.
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The cervical dome of the pleura and the apex of the
lungs extend up into the neck so that at their highest point
they lie about 1 inch (2.5 cm) above the clavicle (Figs. 2-6,
212, and 2-19). Consequently, they are vulnerable to stab
wounds in the root of the neck or to damage by an anes-
thetist's needle when a nerve block of the lower trunk of the
brachial plexus is being performed.

Remember also that the lower limit of the pleural re-
flection, as seen from the back, may be damaged during a
nephrectomy. The pleura crosses the twelfth rib and may be
damaged during removal of the kidney through an incision
in the loin.

ANATOMIC AND PHYSIOLOGIC CHANGES IN THE
HORAX WITH AGING

Certain anatomic and physiologic changes take place in
the thorax with advancing years:

e The rib cage becomes more rigid and loses its elasticity
as the result of calcification and even ossification of the
costal cartilages; this also alters their usual radiographic
appearance.

e The stooped posture (kyphosis), so often seen in the old
because of degeneration of the intervertebral discs, de-
creases the chest capacity.

e Disuse atrophy of the thoracic and abdominal muscles
can result in poor respiratory movements.

o Degeneration of the elastic tissue in the lungs and
bronchi results in impairment of the movement of expira-
tion.

These changes, when severe, diminish the efficiency of
respiratory movements and impair the ability of the individ-
ual to withstand respiratory disease.

ﬁlleCCUP

Hiccup is the involuntary spasmodic contraction of the
diaphragm accompanied by the approximation of the vocal
folds and closure of the glottis of the larynx. It is a common
condition in normal individuals and occurs after eating or
drinking as a result of gastric irritation of the vagus nerve
endings. It may, however, be a symptom of disease such as
pleurisy, peritonitis, pericarditis, or uremia.

£ POSITION AND ENLARGEMENT OF THE HEART

The surface markings of the heart and the position of the
apex beat may enable a physician to determine whether the
heart has shifted its position in relation to the chest wall or
whether the heart is enlarged by disease. The apex beat can
often be seen and almost always can be felt. The position of
the margins of the heart can be determined by percussion.

‘ANEURYSM AND COARCTATION OF THE AORTA

The arch of the aorta lies behind the manubrium sterni.
A gross dilatation of the aorta (aneurysm) may show itself as
a pulsatile swelling in the suprasternal notch.

Coarctation of the aorta, a congenital anomaly, may pro-
duce a dilatation of the vessels taking part in a collateral cir-
culation to bypass the narrowing. As a result, the intercostal
arteries undergo extreme dilatation and erode the lower
borders of the ribs, producing characteristic notching that is
seen on radiographic examination.
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Figure 2-26 Left thoracotomy. A. Site of skin incision over fourth or fifth intercostal space. B. The
exposed ribs and associated muscles. The line of incision through the intercostal space should be
placed close to the upper border of the rib to avoid injuring the intercostal vessels and nerve. C.
The pleural space opened and the left side of the mediastinum exposed. The left phrenic nerve de-

scends over the pericardium beneath the mediastinal pleura. The collapsed left lung must be
pushed out of the way to visualize the mediastinum.
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‘-!-NTERCOSTAL NERVE BLOCK
Area of Anesthesia
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The skin and the parietal pleura covering the outer and
inner surfaces of each intercostal space, respectively; the
seventh to eleventh intercostal nerves supply the skin and
the parietal peritoneum covering the outer and inner sur-
faces of the abdominal wall, respectively; therefore, these
areas will also be anesthetized. In addition, the periosteum
of the adjacent ribs is anesthetized.

Indications

Repair of lacerations of the thoracic and abdominal
walls; relief of pain in rib fractures and to allow pain-free res-
piratory movements.

Procedure

To produce analgesia of the anterior and lateral thoracic
and abdominal walls, the intercostal nerve should be
blocked before the lateral cutaneous branch arises at the
midaxillary line. The ribs may be identified by counting
down from the second (opposite sternal angle) or up from
the twelfth. The needle is directed toward the rib near the
lower border (Fig. 2-7), and the tip comes to rest near the
subcostal groove, where the local anesthetic is infiltrated
around the nerve. Remember that the order of structures ly-
ing in the neurovascular bundle from above downward is in-
tercostal vein, artery, and nerve and that these structures are
situated between the posterior intercostal membrane of the
internal intercostal muscle and the parietal pleura.
Furthermore, laterally the nerve lies between the internal in-
tercostal muscle and the innermost intercostal muscle.

Anatomy of Complications
These include the following.

PNEUMOTHORAX

This complication can occur if the needle point misses
the subcostal groove and penetrates too deeply through the
parietal pleura.

HEMORRHAGE

Puncture of the intercostal blood vessels. This is a com-
mon complication so that aspiration should always be per-
formed before injecting the anesthetic. A small hematoma
may result.

{DIAPHRAGMATIC HERNIAE

The diaphragm is developed from three main sources in
the embryo: (@) the septurn transversum (the fused myotomes
of segments C3,4, and 5), (b) the dorsal mesentery, and (¢) the
pleuroperitoneal membranes from the body wall. Normally,
these fuse together. Occasionally, fusion is incomplete and
congenital herniae occur through the following structures:

1. The pleuroperitoneal canal. (This is more common on
the left side and is caused by failure of fusion of the sep-
tum transversum with the pleuroperitoneal membrane.)

2. The opening between the xiphoid and costal origins of
the diaphragm.

3. The esophageal hiatus.

Acquired herniae may occur in middle-aged persons
with weak musculature around the esophageal opening in
the diaphragm. These herniae may be either (@) sliding or
(b) para-esophageal (Fig. 2-27).
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Figure 2-27 1. Sliding esophageal hernia. 2. Paraesophageal hernia.
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;PARALYSIS OF THE DIAPHRAGM

A single dome of the diaphragm may be paralyzed by
crushing or sectioning of the phrenic nerve in the neck. This
may be necessary in the treatment of certain forms of lung
tuberculosis, when the physician wishes to rest the lower
lobe of the lung on one side. Occasionally, the contribution
from the fifth cervical spinal nerve joins the phrenic nerve
late as a branch from the nerve to the subclavius muscle.
This is known as the accessory phrenic nerve. To obtain
complete paralysis under these circumstances, the nerve to
the subclavius muscle must also be sectioned.

P ENETRATING INJURIES OF THE DIAPHRAGM

These injuries can result from stab or bullet wounds to
the chest or abdomen. Any penetrating wound to the chest
below the level of the nipples should be suspected of caus-
ing damage to the diaphragm until proved otherwise. The
arching domes of the diaphragm can reach the level of the
fifth rib (the right dome can reach a higher level).

= THE THORACIC OUTLET SYNDROMES

The brachial plexus of nerves (C5,6, 7,8, and T1) and the
subclavian artery and vein are closely related to the upper
surface of the first rib and the clavicle as they enter the up-
per limb (Fig. 2-6). It is here that the nerves or blood vessels
may be compressed between the bones. Most of the symp-
toms are caused by pressure on the lower trunk of the
plexus producing pain down the medial side of the forearm
and hand and wasting of the small muscles of the hand.
Pressure on the blood vessels may compromise the circula-
tion of the upper limb.
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A 5 s Sl S
Clinical Problem Solving

Study the following case histories and select the best answer
to the questions following them.

On percussing the anterior chest wall of a patient, the
right margin of the heart was found to lie 2 inches (5 cm) to
the right of the edge of the sternum.

1. Which chamber of the heart was likely to be enlarged?
A. The left ventricle.
B. The left atrium.
C. The right ventricle.
D. The right atrium.

A 31-year-old soldier received a shrapnel wound
in the neck during the Persian Gulf War.
Recently, during a physical examination, it was
noticed that when he blew his nose or sneezed,
the skin above the right clavicle bulged upward.

2. The upward bulging of the skin could be explained by a
defect in one of the foliowing structures.
A. Injury to the cervical pleura.
B. Damage to the suprapleural membrane.
C. Damage to the deep fascia in the root of the neck.
D. Ununited fracture of the first rib.

A 52-year-old woman was admitted to the hospi-
tal with a diagnosis of right-sided pleurisy with
pneumonia. It was decided to remove a sample
of pleural fluid from the patient’s pleural cavity.
The resident inserted the needle close to the
lower border of the eighth rib in the anterior ax-
illary line. The next morning he was surprised to
hear that the patient had complained of altered
skin sensation extending from the point where
the needle was inserted downward and forward
to the midline of the abdominal wall above the
umbilicus.

w

The altered skin sensation in this patient following the

needle thoracostomy could be explained by

A. The needle was inserted too low down in the inter-
costal space.

B. The needle was inserted too close to the lower bor-
der of the eighth rib and damaged the eighth inter-
costal nerve.

C. The needle had impaled the eighth rib.

D. The needle had penetrated too deeply and pierced
the lung.

A 68-year-old man complained of a swelling in
the skin on the back of the chest. He had noticed
it for the last 3 years and was concerned because
it was rapidly enlarging. On examination, a hard
lump was found in the skin in the right scapula
line opposite the seventh thoracic vertebra. A
biopsy revealed that the lump was malignant.

4. Because of the rapid increase in size of the tumor, the
following lymph nodes were examined for metastases.

. Superficial inguinal nodes.

. Anterior axillary nodes.

. Posterior axillary nodes.

. External iliac nodes.

. Deep cervical nodes.
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A B5-year-cld man and a 10-year-old boy were
involved in a severe automobile accident. In both
patients the thorax had been badly crushed. X-
ray examination revealed that the man had five
fractured ribs but the boy had no fractures.

5. What is the most likely explanation for this difference in

medical findings?

A. The different position of the patients in the vehicle.

B. The boy was wearing his seat belt and the man was
not.

C. The chest wall of a child is very elastic, and fractures
of ribs in children are rare.

D. The man anticipated the impact and tensed his mus-
cles, including those of the shoulder girdle and ab-
domen.

On examination of a posteroanterior chest x-ray
of an 18-year-old woman, it was seen that the left
dome of the diaphragm was higher than the
right dome and reached to the upper border of
the fourth rib.
6. The position of the left dome of the diaphragm could be
explained by one of the following conditions except:
A. The left lung could be collapsed.
B. There is a collection of blood under the diaphragm
on the left side.
C. There is an amoebic abscess in the left lobe of the
liver.
D. The left dome of the diaphragm is normally higher
than the right dome.
E. There is a peritoneal abscess beneath the diaphragm
on the left side.

A 43-year-old man was involved in a violent

quarrel with his wife over another woman. In a fit
of rage, the wife picked up a carving knife and

lunged forward at her husband, striking his ante-

rior chest wall over the left clavicle. The husband

collapsed on the kitcher floor, bleeding pro-

fusely from the wound. The distraught wife

called an ambulance.

7. On examination in the emergency department of the

hospital the following conditions were found except:

A. A wound about 1 inch (2.5 cm) wide over the left
clavicle.

B. Auscultation revealed diminished breath sounds
over the left hemithorax.

C. The trachea was deflected to the left.

D. The left upper limb was lying stationary on the table,
and active movement of the small muscles of the left
hand was absent.

E. The patient was insensitive to pin prick along the lat-
eral side of the left arm, forearm, and hand.

A 72-year-old man complaining of burning pain
on the right side of his chest was seen by his
physician. On examination the patient indicated
that the pain passed forward over the right sixth
intercostal space from the posterior axillary line
forward as far as the midline over the sternum.
The physician noted that there were several wa-
tery blebs on the skin in the painful area.

8. The following comments on this patient are correct ex-
cept:
A. This patient has herpes zoster.
B. The virus descends along the cutaneous nerves caus-
ing dermatomal pain and the eruption of vesicles.
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C. The sixth right intercostal nerve was involved.
D. The condition was confined to the anterior cuta-
neous branch of the sixth intercostal nerve.

An 18-year-old woman was thrown from a horse
while attempting to jump a fence. She landed
heavily on the ground, striking the lower part of
her chest on the left side. On examination in the
emergency department she was conscious but
breathless. The lower left side of her chest was
badly bruised and the ninth and tenth ribs were
extremely tender to touch. She had severe tachy-
cardia and her systolic blood pressure was low.

. The following facts concerning this patient are possibly

correct except:

A. There was evidence of tenderness and muscle spasm
in the left upper quadrant of the anterior abdominal
wall.

B. A posteroanterior x-ray of the chest revealed frac-
tures of the left ninth and tenth ribs near their angles.

C. The blunt trauma to the ribs had resulted in a tear of
the underlying spleen.

D. The presence of blood in the peritoneal cavity had ir-
ritated the parietal peritoneum, producing reflex
spasm of the upper abdominal muscles.

E. The muscles of the anterior abdominal wall are not
supplied by thoracic spinal nerves.
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Answers to Clinical Problems

D.

. B. The suprapleural membrane prevents the cervical

dome of the pleura from bulging up into the neck.
B.
G.
C.
D.

- E. The lower trunk of the brachial plexus was cut by the

knife. This would explain the loss of movement of the
small muscles of the left hand. It would also explain the
loss of skin sensation that occurred in the C8 and T1 der-
matomes on the medial not on the lateral side of the left
forearm and hand. The knife had also pierced the left
dome of the cervical pleura causing a left pneumotho-
rax with left-sided diminished breath sounds and a de-
flection of the trachea to the left.

. D. The skin over the sixth intercostal space is innervated

by the lateral cutaneous branch as well as the anterior
cutaneous branch of the sixth intercostal nerve.

. E. The seventh to the eleventh intercostal nerves supply

the muscles of the anterior abdominal wall.
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National Board Type Questions

In each of the following questions, answer:

A. 1f (1) is correct only

B. If (2) is correct only

C. If both (1) and (2) are correct, and
D. If neither (1) nor (2) is correct

. Which of the following statements is (are) correct?

(1) The trachea bifurcates opposite the manubrioster-
nal joint (angle of Louis) in the midrespiratory po-
sition.

(2) The arch of the aorta lies behind the body of the
sternum.

. Which of the following statements is (are) correct?

(1) The apex beat of the heart can normally be felt in
the fifth left intercostal space about 3 1/2 inches (9
cm) from the midline.

(2) The lower margin of the right lung on full inspira-
tion could extend down in the midclavicular line
to the eighth costal cartilage.

. Which of the following statements is (are) correct?

(1) All intercostal nerves are derived from anterior
rami of thoracic spinal nerves.

(2) The parietal pleura is sensitive to the sensations of
pain and touch.

Match each numbered statement below with the best response.

4. Clinicians define the thoracic outlet as
5 o
6. The lower margin of the left lung in midrespiration

The costal margin is formed by

crosses the

. The suprapleural membrane is attached laterally to

the margins of

. The mammary gland in the young adult female over-

lies

A. The sixth, elghth and tenth ribs

B. The upper opening of the thoracic cage
C. The second to the sixth ribs

D. None of the above

Match each numbered statement below with the best response.

9

10.

Tl

12.

The thoracic duct passes through the

opening of the diaphragm.

The superior epigastric artery passes through the
opening of the diaphragm.

right phrenic nerve passes through
opening of the diaphragm.

The left vagus nerve passes through the

opening of the diaphragm.

A.  Aortic

B. Esophageal

C. Caval

D. None of the above

The the

Select the best response.
13. The following statements regarding structures in the in-

tercostal spaces are correct except:

A. The anterior intercostal arteries of the upper six in-
tercostal spaces are branches of the internal tho-
racic artery.

B. The intercostal nerves travel forward in an inter-
costal space between the internal intercostal and
innermost intercostal muscles.
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C. The intercostal blood vessels and nerves are posi-
tioned in the order of vein, nerve, and artery from
superior to inferior in a subcostal groove.

D. The lower five intercostal nerves supply sensory in-
nervation to the skin of the lateral thoracic and an-
terior abdominal walls.

E. The posterior intercostal veins drain backward into
the azygos and hemiazygos veins.

14. The following statements conceming the diaphragm
are correct except:

A. The right crus provides a muscular sling around the
esophagus and possibly prevents regurgitation of
stomach contents into the esophagus.

B. On contraction, the diaphragm raises the intra-ab-
dominal pressure and assists in the return of the ve-
nous blood to the right atrium of the heart.

C. The level of the diaphragm is higher in the recum-
bent position than in the standing position.

D. On contraction, the central tendon descends, re-
ducing the intrathoracic pressure.

E. The esophagus passes through the diaphragm at
the level of the eighth thoracic vertebra.

15. Which of the following statements is incorrect con-
cerning the intercostal nerves?

A. They provide motor innervation to the peripheral
parts of the diaphragm.

B. They provide motor innervation to the intercostal
muscles.

C. They provide sensory innervation to the costal pari-
etal pleura.

D. They contain sympathetic fibers to innervate the
vascular smooth muscle.

E. The seventh to the eleventh intercostal nerves pro-
vide sensory innervation to the parietal peri-
toneum.

16. With a patient in the standing position, fluid in the left
pleural cavity tends to gravitate down to the:

A. Oblique fissure

B. Cardiac notch

C. Costomediastinal recess

D. Horizontal fissure

E. Costodiaphragmatic recess

17. To pass a needle into the pleural cavity in the midaxil-
lary line, the following structures will have to be
pierced except the:

A. Internal intercostal muscle

B. Levatores costarum

C. External intercostal muscle

D. Parietal pleura

E. Innermost intercostal muscle

18. The following statements concerning the thoracic out-

let (anatomic inlet) are true except:

A. The manubrium sterni forms the anterior border.

B. On eachside, the lower trunk of the brachial plexus
and the subclavian artery emerge through the inlet
and pass laterally over the upper surface of the first
rib.

C. The body of the seventh cervical vertebra forms the
posterior boundary.

D. The first ribs form the lateral boundaries.

E. The esophagus and trachea pass through the outlet.
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B.17 C.13
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CHAPTER

The Thorax: Part 11
The Thoracic Cavity

54-year-old woman complaining of a sudden excruciating knifelike pain in

the front of the chest was seen by a physician. During the course of the ex-

amination, she said that she could also feel the pain in her back between
the shoulder blades. On close questioning she said she felt no pain down the arms or
in the neck. Her blood pressure was 200/110 mm Hg in the right arm and 120/80 mm
Hg in the left arm.

The evaluation of chest pain is one of the most common problems facing an emer-
gency physician. The cause can vary from the simple to one of life-threatening propor-
tions. The severe nature of the pain and its radiation through to the back made a pre-
liminary diagnosis of aortic dissection a strong possibility. Myocardial infarction
commonly results in referred pain down the inner side of the arm or up into the neck.

Pain impulses originating in a diseased descending thoracic aorta pass to the cen-
tral nervous system along sympathetic nerves and are then referred along the somatic
spinal nerves to the skin of the anterior and posterior chest walls. In this patient the
aortic dissection had partially blocked the origin of the left subclavian artery, which
would explain the lower blood pressure recorded in the left arm.
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CHAPTER OBJECTIVE

One of the most important objectives in this chap-
ter is to instruct the student on the general arrange-
ment of the thoracic viscera and their relationship to
one another and to the chest wall. Understanding what
is meant by the term mediastinum and the arrang-
ement of the pleura relative to the lungs is fundam-
ental to the comprehension of the function and dise-
ase of the lungs. It is important for the student to app-
reciate that the heart and the lungs are enveloped in
serous membranes that provide a lubricating mecha-
nism for these mobile viscera and to be able to disting-
uish between such terms as thoracic cavity, pleural
cavity (pleural space), pericardial cavity, and costo-
diaphragmatic recess.

Needless to say,knowing the structure of the heart,
including its conducting system and the arrangement
of the different chambers and valves, is basic to unde-
rstanding the physiologic and pathologic features of
the heart. The critical nature of the blood supply to the
heart and the end arteries and myocardial infarction
should be emphasized.

The largest blood vessels in the body are located
within the thoracic cavity- the aorta, the pulmonary
arteries, the venae cavae, and the pulmonay veins.
Trauma to the chest wall can resultin disruption of
these vessels, with consequent rapid hemorrhage and
death. Because these vessels are hidden from view
within the thorax, the diagnosis of major blood vessel
injury is often delayed, with disastrous consequences
to the patient.

The thoracic cavity can be divided into a median partition,
called the mediastinum, and the laterally placed pleurae
.and lungs (Fig. 3-2).

Mediastinum

The mediastinum, though thick, is a movable partition that
extends superiorly to the thoracic outlet and the root of the
neck and inferiorly to the diaphragm. It extends anteriorly to
the sternum and posteriorly to the 12 thoracic vertebrae of
the vertebral column. It contains the remains of the thymus,
the heart and large blood vessels, the trachea and esopha-
gus, the thoracic duct and lymph nodes, the vagus and
phrenic nerves, and the sympathetic trunks.

For purposes of description, the mediastinum is divided
into superior and inferior mediastina by an imaginary
plane passing from the sternal angle anteriorly to the lower
border of the body of the fourth thoracic vertebra posten-
orly (Fig. 3-1). The inferior mediastinum is further subdi-
vided into the middle mediastinum, which consists of the
pericardium and heart; the anterior mediastinum, which
is a space between the pericardium and the sternum; and
the posterior mediastinum, which lies between the peri-
cardium and the vertebral column.

For purposes of orientation, it is convenient to remember
that the major mediastinal structures are arranged in the fol-
lowing order from anterior to posterior.
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Figure 3-1

SUPERIOR MEDIASTINUM

(1) Thymus, (2) large veins, (3) large arteries, (4) trachea,
(5) esophagus and thoracic duct, and () sympathetic
trunks.

The superior mediastinum is bounded in front by the
manubrium sterni and behind by the first four thoracic ver-
tebrae (Fig. 3-1).

INFERIOR MEDIASTINUM

(1) Thymus, (2) heart within the pericardium with the
phrenic nerves on each side, (3) esophagus and thoracic
duct, (4) descending aorta, and (5) sympathetic trunks.

The inferior mediastinum is bounded in front by the
body of the sternum and behind by the lower eight thoracic
vertebrae (Fig. 3-1).

Pleurae

The pleurae and lungs lie on either side of the mediastinum
within the chest cavity (Fig. 3-2). Before discussing the pleu-
rae, it might be helpful to look at the illustrations of the de-
velopment of the lungs in Figure 3-3.

Each pleura has two parts: (@) a parietal layer, which
lines the thoracic wall, covers the thoracic surface of the di-
aphragm and the lateral aspect of the mediastinum, and ex-
tends into the root of the neck to line the undersurface of the
suprapleural membrane at the thoracic outlet; and (b) a vis-
ceral layer, which completely covers the outer surfaces of
the lungs and extends into the depths of the interlobar fis-
sures (Figs. 3-2, 3-3, 3-5, and 3-33).

The two layers become continuous with one another by
means of a cuff of pleura that surrounds the structures en-
tering and leaving the lung at the hilum of each lung (Figs.
3-2, 3-3, and 3-5). To allow for movement of the pulmonary
vessels and large bronchi during respiration, the pleural cuff
hangs down as a loose fold called the pulmonary ligament
(Fig. 3-5).
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Figure 3-2 Pleurae from above and in front. Note the position of the mediastinum and hilum of

each lung.
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The parietal and visceral layers of pleura are separated
from one another by a slitlike space, the pleural cavity
(Figs. 3-2 and 3-3). (Clinicians are increasingly using the
term pleural space instead of the anatomic term pleural
cavity. This is probably to avoid the confusion between the
pleural cavity [slitlike] space and the larger chest cavity.)
The pleural cavity normally contains a small amount of tis-
sue fluid, the pleural fluid, which covers the surfaces of the
pleura as a thin film and permits the two layers to move on
each other with the minimum of friction.

For purposes of description, it is customary to divide the
parietal pleura according to the region in which it lies or the
surface that it covers. The cervical pleura extends up into
the neck, lining the undersurface of the suprapleural mem-
brane (Fig. 34). It reaches a level about 1 to 1 1/2 inches
(2.54 cm) above the medial third of the clavicle.

The costal pleura lines the inner surfaces of the ribs, the
costal cartilages, the intercostal spaces, the sides of the ver-
tebral bodies, and the back of the sternum (Fig. 3-2).
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Figure 3-3 Formation of lungs. Note that each lung bud invaginates the wall of the coelomic cavity
and then grows to fill a greater part of the cavity. Note also that the lung is covered with visceral
pleura and the thoracic wall is lined with parietal pleura. The original coelomic cavity is reduced to
a slitlike space called the pleural cavity as a result of the growth of the lung.
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The diaphragmatic pleura covers the thoracic surface
of the diaphragm (Figs. 3-2 and 3-5). In quiet respiration the
costal and diaphragmatic pleurae are in apposition to each
other below the lower border of the lung. In deep inspira-
tion the margins of the base of the lung descend, and the
costal and diaphragmatic pleurae separate. This lower area
of the pleural cavity into which the lung expands on inspi-
ration is referred to as the costodiaphragmatic recess
(Figs. 3-3 and 3-5). The recess is 2 inches (5 cm) deep in the
scapular line posteriorly; 3 to 3 1/2 inches (8-9 ¢m) in the
midaxillary line; and 1 to 1 1/2 inches (2.5-4 cm) in the mid-
clavicular line.

The mediastinal pleura covers and forms the lateral
boundary of the mediastinum (Figs. 3-2 and 3-5). At the
hilum of the lung it is reflected as a cuff around the vessels
and bronchi and here becomes continuous with the visceral
pleura. It is thus seen that each lung lies free except at its
hilum, where it is attached to the blood vessels and bronchi
that constitute the lung root. During full inspiration the
lungs expand and fill the pleural cavities. However, during
quiet inspiration the lungs do not fully occupy the pleural
cavities at four sites: the right and left costodiaphragmatic
recesses and the right and left costomediastinal recesses.

The costodiaphragmatic recesses are slitlike spaces
between the costal and diaphragmatic parietal pleurae that
are separated only by a capillary layer of pleural fluid.
During inspiration the lower margins of the lungs descend
into the recesses. During expiration the lower margins of the
lungs ascend so that the costal and diaphragmatic pleurae
come together again.

The costomediastinal recesses are situated along the
anterior margins of the pleura. They are slitlike spaces be-
tween the costal and mediastinal parietal pleurae that are
separated by a capillary layer of pleural fluid. During inspi-
ration and expiration the anterior borders of the lungs slide
in and out of the recesses.

The surface marking of the lungs and pleurae have al-
ready been described on pages 93- 98-

NERVE SUPPLY OF THE PLEURA

The parietal pleura is sensitive to pain, temperature, touch,
and pressure and is supplied as follows: the costal pleura is
segmentally supplied by the intercostal nerves, the medi-
astinal pleura is supplied by the phrenic nerve, and the di-
aphragmatic pleura is supplied over the domes by the
phrenic nerve and around the periphery by the lower six in-
tercostal nerves. The visceral pleura covering the lungs re-
ceives an autonomic supply from the pulmonary plexus; it
is sensitive to stretch but is insensitive to common sensa-
tions such as pain and touch.

Trachea
The trachea is a mobile tube about 5 inches (13 cm) long
and 1 inch (2.5 cm) in diameter (Fig. 3-6). It has a fibroelas-
tic wall in which are embedded a series of U-shaped bars of
hyaline cartilage that keep the lumen patent. The posterior
free ends of the cartilage are connected by smooth muscle,
the trachealis muscle. The trachea commences in the neck
below the cricoid cartilage of the larynx at the level of the
body of the sixth cervical vertebra. It ends below in the tho-
rax at the level of the sternal angle (lower border of the
fourth thoracic vertebra) by dividing into the right and left
principal (main) bronchi. The bifurcation is called the ca-
rina. In deep inspiration the carina descends to the level of
the sixth thoracic vertebra.

The relations of the trachea in the neck are described on

chap 11
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Figure 3-4 Lateral view of the upper opening of the thoracic
cage showing how the apex of the lung projects superiorly
into the root of the neck. Note that the lung apex is covered
with visceral and parietal layers of pleura and is protected

by the suprapleural membrane.
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The relations of the trachea in the superior mediastinum
of the thorax are as follows:

e Anteriorly: The sternum, the thymus, the left brachio-
cephalic vein, the origins of the brachiocephalic and left
common carotid arteries, and the arch of the aorta (Figs.
3-6, 3-15, and 3-32).

e Posteriorly: The esophagus and the left recurrent laryn-
geal nerve (Fig. 3-32).

e Right side: The azygos vein, the right vagus nerve, and
the pleura (Figs. 3-27 and 3-32).

@ Left side: The arch of the aorta, the left common carotid
and left subclavian arteries, the left vagus and left phrenic
nerves, and the pleura (Figs. 3-28 and 3-32).

NERVE SUPPLY OF THE TRACHEA

The nerves are branches of the vagus and the recurrent la-
ryngeal nerves and from the sympathetic trunks; they are
distributed to the trachealis muscle and to the mucous
membrane lining the trachea.
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Figure 3-5 Different areas of parietal pleura. Note the cuff of pleura (dotted lines) that surrounds
structures entering and leaving the hilum of the left lung. It is here that parietal and visceral layers
of pleura become continuous. Arrows indicate the position of the costodiaphragmatic recess.
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Principal Bronchi

The right principal (main) bronchus is wider, shorter, and
more vertical than the left (Fig. 3-6) and is about 1 inch (2.5
cm) long. Before entering the hilum of the right lung, the
principal bronchus gives off the superior lobar bronchus.
On entering the hilum it divides into 2 middle and an infe-

rior lobar bronchus.
The left principal (main) bronchus is narrower, longer,

and more horizontal than the right and is about 2 inches (5
cm) long. It passes to the left below the arch of the aorta and
in front of the esophagus. On entering the hilum of the
left lung, the principal bronchus divides into a superior and
an inferior lobar bronchus.

Lungs

During life the right and left lungs are soft and spongy and
very elastic. If the thoracic cavity were opened, the lungs
would immediately shrink to one-third or less in volume. In
the child they are pink, but with age they become dark and
mottled because of the inhalation of dust particles that be-
come trapped in the phagocytes of the lung. This is espe-
cially well seen in city dwellers and coal miners. The lungs
are situated so that one lies on each side of the medi-
astinum. They are therefore separated from each other by
the heart and great vessels and other structures in the medi-
astinum. Each lung is conical, covered with visceral pleura,
and suspended free in its own pleural cavity, being attached
to the mediastinum only by its root (Fig. 3-3).
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Figure 3-6 Thoracic part of the trachea. Note that the right principal bronchus is the wider _and
more direct continuation of the trachea compared with the left. Bifurcation of the trachea viewe

from above is also shown.
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Each lung has a blunt apex, which projects upward into
the neck forabout 1 inch (2.5 cm) above the clavicle; a con-
cave base that sits on the diaphragm; a convex costal sur-
face, which corresponds to the concave chest wall; and a
concave mediastinal surface, which is molded to the peri-
cardium and other mediastinal structures (Figs. 3-7 and 3-8).
At about the middle of this surface is the hilum, a depres-
sion in which the bronchi, vessels, and nerves that form the
root enter and leave the lung.

The anterior border is thin and overlaps the heart; it is
here on the left lung that the cardiac notch is found. The
posterior border is thick and lies beside the vertebral col-
umn.
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Figure 3-7 Lateral and medial surfaces of the right lung.

LOBES AND FISSURES

Right Lung

The right lung is slightly larger than the left and is divided by
the oblique and horizontal fissures into three lobes: the up-
per, middle, and lower lobes (Fig. 3-7). The oblique fis-
sure runs from the inferior border upward and backward
across the medial and costal surfaces until it cuts the poste-
rior border about 2 1/2 inches (6.25 c¢m) below the apex.
The horizontal fissure runs horizontally across the costal
surface at the level of the fourth costal cartilage to meet the
oblique fissure in the midaxillary line. The middle lobe is
thus a small triangular lobe bounded by the horizontal and

oblique fissures.
Left Lung

The left lung is divided by a similar oblique fissure into two
lobes: the upper and lower lobes (Fig. 3-8). There is no
horizontal fissure in the left lung.

BRONCHOPULMONARY SEGMENTS

The bronchopulmonary segments are the anatomic, func-
tional, and surgical units of the lungs. Each lobar (sec-
ondary) bronchus, which passes to a lobe of the lung, gives
off branches called segmental (tertiary) bronchi (Fig. 3-
9). Each segmental bronchus passes to a structurally and
functionally independent unit of a lung lobe called a bron-
chopulmonary segment, which is surrounded by con-
nective tissue (Fig 3-10). The segmental bronchus is ac-
companied by a branch of the pulmonary artery, but the
tributaries of the pulmonary veins run in the connective tis-
sue between adjacent bronchopulmonary segments. Each
segment has its own lymphatic vessels and autonomic
nerve supply.
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Figure 3-8 Lateral and medial surfaces of the left lung.

On entering a bronchopulmonary segment, each segmen-
tal bronchus divides repeatedly (Fig. 3-10). As the bronchi be-
come smaller, the U-shaped bars of cartilage found in the tra-
chea are gradually replaced by irregular plates of cartilage,
which become smaller and fewer in number. The smallest
bronchi divide and give rise to bronchioles, which are less
than 1 mm in diameter (Fig. 3-10). Bronchicles possess no
cartilage in their walls and are lined with columnar ciliated
epithelium. The submucosa possesses a complete layer of cir-
cularly arranged smooth-muscle fibers.

The bronchioles then divide and give rise to terminal
bronchioles (Fig 3-10), which show delicate outpouch-
ings from their walls. Gaseous exchange between blood
and air takes place in the walls of these outpouchings,
which explains the name respiratory bronchiole. The
diameter of a respiratory bronchiole is about 0.5 mm. The
respiratory bronchioles end by branching into alveolar
ducts that lead into tubular passages with numerous
thin-walled outpouchings called alveolar sacs. The
alveolar sacs -onsist of several alveoli opening into a
single chamber (Fig. 3-10). Each alveolus is surrounded
by a rich network of blood capillaries. Gaseous exchange
takes place between the air in the alveolar lumen through
the alveolar wall into the blood within the surrounding
capillaries.

The main characteristics of a bronchopulmonary seg-
ment may be summarized as follows:

1. Itis a subdivision of a lung lobe.
2. It is pyramid shaped, with its apex toward the lung root.
3. Itis surrounded by connective tissue.
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Figure 3-9 Trachea, bronchi, bronchioles, alveolar ducts, alveolar sacs, and alveoli. Note the path
taken by inspired air from the trachea to the alveoli.

A Al e iy gt gl gh LgSlay (30 (5l BaY Ul g Ao Gabis) (Aadud) il g (gl el ) 2(9-3) Jo

R
4. 1t has a segmental bronchus, a segmental artery, lymph . B g m—
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6. Adiseased segment, because it is a structural unit, can be Tot e iy L o 1 2l St S5 .6

removed surgically.
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The main bronchopulmonary segments (Figs. 3-11 and 3-

12) are as follows: :HSJL:EK
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Figure 3-10 A bronchopulmonary segment and a lung lobule. Note that the pulmonary veins lie
within the connective tissue septa that separate adjacent segments.
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e Left lung
Superior lobe (/) Apical, (2) posterior, (3) anterior,
(4) superior lingular, (5) inferior
lingular
Inferior lobe (6) Superior (apical), (7) medial
basal, (8) anterior basal, (9) lateral
basal, and (70) posterior basal

Although the general arrangement of the bronchopul-
monary segments is of clinical importance, it is unnecessary
to memorize the details unless one intends to specialize in
pulmonary medicine or surgery.

The root of the lung is formed of structures that are en-
tering or leaving the lung. It is made up of the bronchi, pul-
monary artery and veins, lymph vessels, bronchial vessels,
and nerves. The root is surrounded by a tubular sheath of
pleura, which joins the mediastinal parietal pleura to the vis-
ceral pleura covering the lungs (Figs. 3-5, 3-28, and 3-29).

S el A @

A (4) b (3) il (2) dadl) (1) g gl jadl

i) dan i (5 el
Ll (8) il el (Tye(Readll) 2y glad (6): gl i)
aaelal (10) 5 it ) igeldl (9) bl
Al
Al ool plall 5 31 L gz A 2 ) B e o2
A ol ey e sl pUY 55 2 e 4T YL 00
all il e ol L (3 el
fhs e s A s ) e Bl (S
e gy il e Y1y g s ) W1y (6 ) 0L 8y (Ol
i e e ) gl ey A Bl obae Yy iadl
5=3 ISy s U adaall ay, sl i adly a3y jlad
.(29—3 3 28 3 3

@

$yual! gl (AL (fuadl|



el &0 (o i 24l upper lobe of right lung

bl 3 oblique fissure

& 35 horizontal fissure

middle lobe of right lung
o & ot il

lower labe of right lung

A s B e el

.2l apical

ialdy posterior

aLY! anterior ,
Llad 2 apical lower
i Jl el Jateral basal

4Ly ezl anterior basal

B lateral division of middle

.Lz-«_,:’;l ‘__'a.-‘v'\ o ‘;;i.,_’..!\ \,_H..S.“

trachea L&)

upper lobe of left lung (s -l 25U (g lalt il

cardiac notch &l &l

lower lobe of left lung
lower lobe of left lung (5wt s U Ladi ik
apical 4.2

nterior &Ly

superior division of lingular &t -a s slal (._m.aju

inferior division of lingular & - el 50

anterior basal L..L4 aueldl

medial division of middle Jw 2 2dh e Y3

Figure 3-11 Lungs viewed from the right. A. Lobes. B. Bronchopulmonary segments.
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BLOOD SUPPLY OF THE LUNGS

The bronchi, the connective tissue of the lung. and the vis-
ceral pleura receive their blood supply from the bronchial
arteries, which are branches of the descending aorta. The
bronchial veins (which communicate with the pulmonary
veins) drain into the azygos and hemiazygos veins.

The alveoli receive deoxygenated blood from the termi-
nal branches of the pulmonary arteries. The oxygenated
blood leaving the alveolar capillaries drains into the tribu-
taries of the pulmonary veins, which follow the interseg-
mental connective tissue septa to the lung root. Two pul
monary veins leave each lung root (Figs. 3-28 and 3-29) to
empty into the left atrium of the heart.

LYMPH DRAINAGE OF THE LUNGS

The lymph vessels originate in superficial and deep plexuses
(Fig. 3-13); they are not present in the alveolar walls. The su-
perficial (subpleural) plexus lies beneath the visceral
pleura and drains over the surface of the lung toward the
hilum, where the lymph vessels enter the bronchopul-
monary nodes. The deep plexus travels along the bronchi
and pulmonary vessels toward the hilum of the lung, passing
through pulmonary nodes located within the lung sub-
stance; the lymph then enters the bronchopulmonary nodes
in the hilum of the lung. All the lymph from the lung leaves
the hilum and drains into the tracheobronchial nodes and
then into the bronchomediastinal lymph trunks.
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Figure 3-12 Lungs viewed from the left. A. Lobes. B. Bronchopulmonary segments.
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NERVE SUPPLY OF THE LUNGS

At the root of each lungis a pulmonary plexus
composed of efferent and afferent autonomic nerve
fibers. The plexus is formed from branches of the
sympathetic trunk and recives parsympathetic fibers
irom the vagus nerve.

The sympathetic efferent fibers produce bronch-
odilatation and vasoconstriction. The parasympathetic
efferent fibers produce bronchoconstriction, vasodil-
atation, and increased glandular secretion.

Afferent impulses derived from the bronchial muc-
ous membrane and from stretch receptors in the alve-
olar walls pass to the central nervous system in both
sympathetic and parasympathetic nerves.

THE MECHANICS OF RESPIRATION

Respiration consists of two phases-inspiration and
expiration-which are accomplished by the alternate
increase and decrease of the capacity of the thoracic
cavity. The rate varies between 16 and 20 per minute
in normal resting patients and is faster in children and
slower in the elderly.
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Figure 3-13 Lymph drainage of lung and lower end of esophagus.
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Inspiration
Quiet Inspiration

Compare the thoracic cavity to a box with a single entrance
at the top, which is a tube called the trachea (Fig. 3-14). The
capacity of the box can be increased by elongating all its di-
ameters, and this will result in air under atmospheric pres-
sure entering the box through the tube.

Consider now the three diameters of the thoracic cavity
and how they may be increased (Fig. 3-14).

Vertical Diameter Theoretically, the roof could be raised
and the floor lowered. The roof is formed by the suprapleu-
ral membrane and is fixed. Conversely, the floor is formed
by the mobile diaphragm. When the diaphragm contracts,
the domes become flattened and the level of the diaphragm
is lowered (Fig. 3-14).

Anteroposterior Diameter [f the downward-sloping ribs
were raised at their sternal ends, the anteroposterior diame-
ter of the thoracic cavity would be increased and the lower
end of the sternum would be thrust forward (Fig. 3-14). This
can be brought about by fixing the first rib by the contrac-
tion of the scaleni muscles of the neck and contracting the
intercostal muscles (Fig. 3-15). By this means all the ribs are
drawn together and raised toward the first rib.
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Figure 3-14 The different ways in which the capacity of the thoracic cavity is increased during inspiration.
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Transverse Diameter The ribs articulate in front with the
sternum via their costal cartilages and behind with the ver-
tebral column. Because the ribs curve downward as well as
forward around the chest wall, they resemble bucket han-
dles (Fig. 3-14). It therefore follows that if the ribs are raised
(like bucket handles), the transverse diameter of the tho-
racic cavity will be increased. As described previously, this
can be accomplished by fixing the first rib and raising the
other ribs to it by contracting the intercostal muscles (Fig. 3-
15).

An additional factor that must not be overlooked is the ef-
fect of the descent of the diaphragm on the abdominal vis-
cera, and the tone of the muscles of the anterior abdominal
wall. As the diaphragm descends on inspiration, intra-ab-
dominal pressure rises. This rise in pressure is accommo-
dated by the reciprocal relaxation of the abdominal wall
musculature. However, a point is reached when no further
abdominal relaxation is possible, and the liver and other up-
per abdominal viscera act as a platform that resists further
diaphragmatic descent. On further contraction the di-
aphragm will now have its central tendon supported from
below, and its shortening muscle fibers will assist the inter-
costal muscles in raising the lower ribs (Fig. 3-15).

Apart from the diaphragm and the intercostals, other less
important muscles also contract on inspiration and assist in
elevating the ribs, namely, the levatores costarum mus-
cles and the serratus posterior superior muscles.

Forced Inspiration

In deep forced inspiration a maximum increase in the ca-
pacity of the thoracic cavity occurs. Every muscle that can
raise the ribs is brought into action, including the scalenus
anterior and medius and the sternocleidomastoid. In respi-
ratory distress the action of all the muscles already engaged
becomes more violent, and the scapulae are fixed by the
trapezius, levator scapulae, and rhomboid muscles, en-
abling the serratus anterior and pectoralis minor to pull up
the ribs. If the upper limbs can be supported by grasping a
chair back or table, the sternal erigin of the pectoralis major
muscles can also assist the process.

Lung Changes on Inspiration

In inspiration, the root of the lung descends and the level of
the bifurcation of the trachea may be lowered by as much as
two vertebrae. The bronchi elongate and dilate and the alve-
olar capillaries dilate, thus assisting the pulmonary circula-
tion. Air is drawn into the bronchial tree as the result of the
positive atmospheric pressure exerted through the upper
part of the respiratory tract and the negative pressure on the
outer surface of the lungs brought about by the increased ca-
pacity of the thoracic cavity. With expansion of the lungs, the
elastic tissue in the bronchial walls and connective tissue is
stretched. As the diaphragm descends, the costodiaphrag-
matic recess of the pleural cavity opens, and the expanding
sharp lower edges of the lungs descend to a lower level.

Expiration
Quiet Expiration

Quiet expiration is largely a passive phenomenon and is
brought about by the elastic recoil of the lungs, the relax-
ation of the intercostal muscles and diaphragm, and an in-
crease in tone of the muscles of the anterior abdominal wall,
which forces the relaxing diaphragm upward. The serratus
posterior inferior muscles play a minor role in pulling
down the lower ribs.
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Figure 3-15 A. How intercostal muscles raise ribs during inspiration. Note that the scaleni muscles
fix the first rib or, in forced inspiration, raise the first rib. B. How intercostal muscles can be used
in forced expiration provided that the twelfth rib is fixed or made to descend by abdominal mus-
cles. C. How the liver provides the platform to enable the diaphragm to raise the lower ribs.
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Forced Expiration

Forced expiration is an active process brought about by the
forcible contraction of the musculature of the anterior ab-
dominal wall. The quadratus lumborum also contracts and
pulls down the twelfth ribs. It is conceivable that under
these circumstances some of the intercostal muscles may
contract, pull the ribs together, and depress them to the low-
ered twelfth rib (Fig. 3-15). The serratus posterior inferior
and the latissimus dorsi muscles may also play a minor role.

Lung Changes on Expiration

In expiration, the roots of the lungs ascend along with the bi-
furcation of the trachea. The bronchi shorten and contract.
The elastic tissue of the lungs recoils, and the lungs become
reduced in size. With the upward movement of the di-
aphragm, increasing areas of the diaphragmatic and costal
parietal pleura come into apposition, and the costodi-
aphragmatic recess becomes reduced in size. The lower
margins of the lungs shrink and rise to a higher level,
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Figure 3-16 The pericardium and the lungs exposed from in front.
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Types of Respiration

In babies and young children the ribs are nearly horizontal.
Thus, they have to rely mainly on the descent of the di-
aphragm to increase their thoracic capacity on inspiration.
Because this is accompanied by a marked inward and out-
ward excursion of the anterior abdominal wall, which is eas-
ily seen, respiration at this age is referred to as the abdomi-
nal type of respiration.

After the second yeal the ribs become more oblique, and
the adult form of respiration is established.

In the adult a sexual difference exists in the type of respi-
ratory movements. The female tends to rely mainly on the
movements of the ribs than on the descent of the diaphragm
on inspiration. This is referred to as the thoracic type of
respiration. The male uses both the thoracic and abdomi-
nal forms of respiration, but mainly the abdominal form.

Pericardium

The pericardium is a fibroserous sac that encloses the heart
and the roots of the great vessels. Its function is to restrict ex-
cessive movements of the heart as a whole and to serve as a
lubricated container in which the different parts of the heart
can contract. The pericardium lies within the middle medi-
astinum (Figs. 3-1, 3-16, 3-17, and 3-18), posterior to the body
of the sternum and the second to the sixth costal cartilages.
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FIBROUS PERICARDIUM

The fibrous pericardium is the strong fibrous part of the sac. It
is firmly attached below to the central tendon of the di-
aphragm. It fuses with the outer coats of the great blood vessels
passing through it (Fig. 3-17), namely, the aorta, the pulmonary
trunk, the superior and inferior venae cavae, and the pul-
monary veins (Fig. 3-18). The fibrous pericardium is attached
in front to the sternum by the sternopericardial ligaments.

SEROUS PERICARDIUM

The serous pericardium has parietal and visceral layers (Fig.
3-17).
The parietal layer lines the fibrous pericardium and is

reflected around the roots of the great vessels to become
continuous with the visceral layer of serous pericardium

that closely covers the heart (Fig. 3-18).

The visceral layer is closely applied to the heart and is
often called the epicardium. The slitlike space between the
parietal and visceral layers is referred to as the pericardial
cavity (Fig. 3-17). Normally, the cavily contains a small
amount of tissue fluid, the pericardial fluid, which acts as
a lubricant to facilitate movements of the heart.

PERICARDIAL SINUSES

On the posterior surface of the heart, the reflection of the
serous pericardium around the large veins forms a recess
called the oblique sinus (Fig. 3-18). Also on the posterior
surface of the heart is the transverse sinus, which is a short
passage that lies between the reflection of serous peri-
cardium around the aorta and pulmonary trunk and the re-
flection around the large veins (Fig. 3-18).
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Figure 3-17 Different layers of the pericardium.
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Heart

The heart is a hollow muscular organ that is somewhat pyra-
mid shaped and lies within the pericardium in the medi-
astinum (Fig. 3-19). It is connected at its base to the great
blood vessels but otherwise lies free within the peri-
cardium.

SURFACES OF THE HEART

The heart has three surfaces: sternocostal (anterior), di-
aphragmatic (inferior), and a base (posterior). It also has an
apex, which is directed downward, forward, and to the left.

The sternocostal surface is formed mainly by the right
atrium and the right ventricle, which are separated from
each other by the vertical atrioventricular groove (Fig. 3-19).
The right border is formed by the right atrium and the left
border, by the left ventricle and part of the left auricle. The
right ventricle is separated from the left ventricle by the an-
terior interventricular groove.

The diaphragmatic surface of the heart is formed
mainly by the right and left ventricles separated by the pos-
terior interventricular groove. The inferior surface of the
right atrium, into which the inferior vena cava opens, also
forms part of this surface.

The base of the heart, or the posterior surface, is formed
mainly by the left atrium, into which open the four pul-
monary veins (Fig. 3-20). The base of the heart lies opposite
the apex.
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The apex of the heart, formed by the left ventricle, is di-
rected downward, forward, and to the left (Fig. 3-19). It lies
at the level of the fifth left intercostal space, 3 1/2 inches (9
cm) from the midline. In the region of the apex, the apex
beat can usually be seen and palpated in the living patient.

Note that the base of the heart is called the base because
the heart is pyramid shaped and the base lies opposite the
apex. The heart does not rest on its base; it rests on its di-
aphragmatic (inferior) surface.

BORDERS OF THE HEART

The right border is formed by the right atrium, the left border
by the left auricle, and below by the left ventricle (Fig. 3-19).
The lower border is formed mainly by the right ventricle but
also by the right atrium and the apex by the left ventricle.
These borders are important when examining a radiograph
of the heart.

CHAMBERS OF THE HEART

The heartis divided by vertical septa into four chambers: the
right and left atria and the right and left ventricles. The right
atrium lies anterior to the left atrium and the right ventricle
lies anterior to the left ventricle.

The walls of the heart are composed of cardiac muscle,
the myocardium, covered externally with serous peri-
cardium, called the epicardium, and lined internally with
a layer of endothelium, the endocardium.
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Right Atrium

The right atrium consists of a main cavity and a small out-
pouching, the auricle (Figs. 3-19 and 3-21). On the outside of
the heart at the junction between the right atrium and the
right auricle is a vertical groove, the sulcus terminalis,
which on the inside forms a ridge, the crista terminalis.
The main part of the atrium that lies posterior to the ridge is
smooth walled and is derived embryologically from the si-
nus venosus. The part of the atrium in front of the ridge is
roughened or trabeculated by bundles of muscle fibers, the
musculi pectinati, which run from the crista terminalis to
the auricle. This anterior part is derived embryologically
from the primitive atrium.

Openings Into the Right Atrium

The superior vena cava (Fig. 3-21) opens into the upper
part of the right atrium; it has no valve. It returns the blood
to the heart from the upper half of the body. The inferior
vena cava (larger than the superior vena cava) opens into
the lower part of the right atrium; it is guarded by a rudi-
mentary, nonfunctioning valve. It returns the blood to the
heart from the lower half of the body.

The coronary sinus, which drains most of the blood
from the heart wall (Fig. 3-21), opens into the right atrium
between the inferior vena cava and the atrioventricular ori-
fice; it is guarded by a rudimentary, nonfunctioning valve.

The right atrioventricular orifice lies anterior to the in-
ferior vena caval opening and is guarded by the tricuspid
valve (Fig. 3-21).

Many small orifices of small veins also drain the wall of
the heart and open directly into the right atrium.

Fetal Remnants

In addition to the rudimentary valve of the inferior vena
cava are the fossa ovalis and anulus ovalis. These latter
structures lie on the atrial septum that separates the right
atrium from the left atrium (Fig. 3-21). The fossa ovalis is a
shallow depression, which is the site of the foramen ovale
in the fetus (Fig. 3-24). The anulus ovalis forms the upper
margin of the fossa. The floor of the fossa represents the per-
sistent septum primum of the heart of the embryo, and the
anulus is formed from the lower edge of the septum secun-
dum (Fig. 3-24).

Right Ventricle

The right ventricle communicates with the right atrium
through the atrioventricular orifice and with the pulmonary
trunk through the pulmonary orifice (Fig. 3-21). As the cavity
approaches the pulmonary orifice it becomes funnel
shaped, at which point itis referred to as the infundibulum.

The walls of the right ventricle are much thicker than
those of the right atrium and show several internal project-
ing ridges formed of muscle bundles. The projecting ridges
give the ventricular wall a spongelike appearance and are
known as trabeculae carneae. The trabeculae carneae are
composed of three types. The first type comprises the pap-
illary muscles, which project inward, being attached by
their bases to the ventricular wall; their apices are con-
nected by fibrous chords (the chordae tendineae) to the
cusps of the tricuspid valve (Fig. 3-21). The second type are
attached at their ends to the ventricular wall, being free in
the middle. One of these, the moderator band, crosses the
ventricular cavity from the septal to the anterior wall. It con-
veys the right branch of the atrioventricular bundle, which
is part of the conducting system of the heart. The third type
is simply composed of prominent ridges.
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The tricuspid valve guards the atrioventricular orifice
(Figs. 3-21 and 3-22) and consists of three cusps formed by a
fold of endocardium with some connective tissue enclosed:
anterior, septal, and inferior (posterior) cusps. The ante-
rior cusp lies anteriorly, the septal cusp lies against the ven-
tricular septum, and the inferior or posterior cusp lies inferi-
orly. The bases of the cusps are attached to the fibrous ring
of the skeleton of the heart (see below), whereas their free
edges and ventricular surfaces are attached to the chordae
tendineae. The chordae tendineae connect the cusps to
the papillary muscles. When the ventricle contracts, the
papillary muscles contract and prevent the cusps from be-
ing forced into the atrium and turning inside out as the in-
traventricular pressure rises. To assist in this process, the
chordae tendineae of one papillary muscle are connected
to the adjacent parts of two cusps.
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The pulmonary valve guards the pulmonary orifice
(Fig. 3-224) and consists of three semilunar cusps formed by
folds of endocardium with some connective tissue en-
closed. The curved lower margins and sides of each cusp
are attached to the arterial wall. The open mouths of the
cusps are directed upward into the pulmonary trunk. No
chordae or papillary muscles are associated with these
valve cusps; the attachments of the sides of the cusps to the
arterial wall prevent the cusps from prolapsing into the ven-
tricle. At the root of the pulmonary trunk are three dilata-
tions called the sinuses, and one is situated external to
each cusp (see aortic valve).

The three semilunar cusps are arranged with one poste-
rior (left cusp) and two anterior (anterior and right cusps).
(The cusps of the pulmonary and aortic valves are named
according to their position in the fetus before the heart has
rotated to the left. This unfortunately causes a great deal of
unnecessary confusion.) During ventricular systole, the
cusps of the valve are pressed against the wall of the pul-
monary trunk by the outrushing blood. During diastole,
blood flows back toward the heart and enters the sinuses;
the valve cusps fill, come into apposition in the center of the
lumen, and close the pulmonary orifice.

Left Atrium

Similar to the right atrium, the left atrium consists of a main
cavity and a left auricle. The left atrium is situated behind
the right atrium and forms the greater part of the base or the
posterior surface of the heart (Fig. 3-20). Behind it lies the
oblique sinus of the serous pericardium, and the fibrous
pericardium separates it from the esophagus (Figs. 3-18 and
3-34).

The interior of the left atrium is smooth, but the left auri-
cle possesses muscular ridges as in the right auricle.

Openings into the Left Atrium

The four pulmonary veins, two from each lung, open
through the posterior wall (Fig. 3-20) and have no valves.
The left atrioventricular orifice is guarded by the mitral
valve.

Left Ventricle

The left ventricle communicates with the left atrium through
the atrioventricular orifice and with the aorta through the
aortic orifice. The walls of the left ventricle (Fig. 3-22) are
three times thicker than those of the right ventricle. (The left
intraventricular blood pressure is six times higher than that
inside the right ventricle.) In cross section, the left ventricle
is circular; the right is crescentic because of the bulging of
the ventricular septum into the cavity of the right ventricle
(Fig. 3-22). There are well-developed trabeculae carneae,
two large papillary muscles, but no moderator hand. The
part of the ventricle below the aortic orifice is called the aor-
tic vestibule.

The mitral valve guards the atrioventricular orifice (Fig.
3-22). It consists of two cusps, one anterior and one poste-
rior, which have a structure similar to that of the cusps of the
tricuspid valve. The anterior cusp is the larger and inter-
venes between the atrioventricular and the aortic orifices.
The attachment of the chordae tendineae to the cusps and
the papillary muscles is similar to that of the tricuspid valve.
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The aortic valve guards the aortic orifice and is pre-
cisely similar in structure to the pulmonary valve (Fig. 3-22).
One cusp is situated on the anterior wall (right cusp) and
two are located on the posterior wall (left and posterior
cusps). Behind each cusp the aortic wall bulges to form an
aortic sinus. The anterior aortic sinus gives origin to the
right coronary artery, and the left posterior sinus gives origin
to the left coronary artery.

STRUCTURE OF THE HEART

The walls of the heart are composed of a thick layer of car-
diac muscle, the myocardium, covered externally by the
epicardium and lined internally by the endocardium. The
atrial portion of the heart has relatively thin walls and is di-
vided by the atrial (interatrial) septum into the right and
left atria. The septum runs from the anterior wall of the heart
backward and to the right. The ventricular portion of the
heart has thick walls and is divided by the ventricular (in-
terventricular) septum into the right and left ventricles.
The septum is placed obliquely, with one surface facing for-
ward and to the right and the other facing backward and to
the left. Its position is indicated on the surface of the heart
by the anterior and posterior interventricular grooves. The
lower part of the septum is thick and formed of muscle. The
smaller upper part of the septum is thin and membranous
and attached to the fibrous skeleton.

The so-called skeleton of the heart (Fig. 3-22) consists
of fibrous rings that surround the atrioventricular, pul-
monary, and aortic orifices and are continuous with the
membranous upper part of the ventricular septum. The fi-
brous rings around the atrioventricular orifices separate the
muscular walls of the atria from those of the ventricles but
provide attachment for the muscle fibers. The fibrous rings
support the bases of the valve cusps and prevent the valves
from stretching and becoming incompetent.

CONDUCTING SYSTEM OF THE HEART

The normal heart contracts rhythmically at about 70 to 90
beats per minute in the resting adult. The rhythmic contrac-
tile process originates spontaneously in the conducting sys-
tem and the impulse travels to different regions of the heart,
so the atria contract first and together, to be followed later
by the contractions of both ventricles together. The slight de-
lay in the passage of the impulse from the atria to the ventri-
cles allows time for the atria to empty their blood into the
ventricles before the ventricles contract.

The conducting system of the heart consists of special-
ized cardiac muscle present in the sinoatrial node, the
atrioventricular node, the atrioventricular bundle and
its right and left terminal branches, and the subendocardial
plexus of Purkinje fibers. (The specialized cardiac muscle
fibers that form the conducting system of the heart are
known as Purkinje fibers.)

Sinoatrial Node

The sinoatrial node is located in the wall of the right atrium
in the upper part of the sulcus terminalis just to the right of
the opening of the superior vena cava (Figs. 3-21 and 3-22).
The node spontaneously gives origin to rhythmical electri-
cal impulses that spread in all directions through the car-
diac muscle of the atria and cause the muscle to contract.
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Atrioventricular Node

The atrioventricular node is strategically placed on the
lower part of the atrial septum just above the attachment of
the septal cusp of the tricuspid valve (Figs. 3-21 and 3-22).
From it, the cardiac impulse is conducted to the ventricles
by the atrioventricular bundle. The atrioventricular node is
stimulated by the excitation wave as it passes through the
atrial myocardium.

The speed of conduction of the cardiac impulse through
the atrioventricular node (about 0.11 sec) allows sufficient
time for the atria to empty their blood into the ventricles be-
fore the ventricles start to contract.

Atrioventricular Bundle

The atrioventricular bundle (bundle of His) is the only path-
way of cardiac muscle that connects the myocardium of the
atria and the myocardium of the ventricles and is thus the
only route along which the cardiac impulse can travel from
the atria to the ventricles (Fig. 3-23). The bundle descends
through the fibrous skeleton of the heart.

The atrioventricular bundle then descends behind the
septal cusp of the tricuspid valve to reach the inferior border
of the membranous part of the ventricular septum. At the up-
per border of the muscular part of the septum it divides into
two branches, one for each ventricle. The right bundle
branch (RBB) passes down on the right side of the ventricu-
lar septum to reach the moderator band, where it crosses to
the anterior wall of the right ventricle. Here it becomes con-
tinuous with the fibers of the Purkinje plexus (Fig. 3-22).

The left bundle branch (LBB) pierces the septum and
passes down on its left side beneath the endocardium. It
usually divides into two branches (anterior and posterior),
which eventually become continuous with the fibers of the
Purkinje plexus of the left ventricle.

It is thus seen that the conducting system of the heart is
responsible not only for generating rhythmical cardiac im-
pulses but also for conducting these impulses rapidly
throughout the myocardium of the heart so that the different
chambers contract in a coordinated and efficient manner.

The activities of the conducting system can be influ-
enced by the autonomic nerve supply to the heart. The
parasympathetic nerves slow the rhythm and diminish the
rate of conduction of the impulse; the sympathetic nerves
have the opposite effect.

Internodal Conduction Paths

Impulses from the sinoatrial node have been shown to travel
to the atrioventricular node more rapidly than they can
travel by passing along the ordinary myocardium. This phe-
nomenon has been explained by the description of special
pathways in the atrial wall (Fig. 3-23), having a structure
consisting of a mixture of Purkinje fibers and ordinary car-
diac muscle cells. The anterior internodal pathway
leaves the anterior end of the sinoatrial node and passes an-
terior to the superior vena caval opening. It descends on the
atrial septum and ends in the atrioventricular node. The
middle internodal pathway leaves the posterior end of
the sinoatrial node and passes posterior to the superior vena
caval opening. It descends on the atrial septum to the atri-
oventricular node. The posterior internodal pathway
leaves the posterior part of the sinoatrial node and descends
through the crista terminalis and the valve of the inferior
vena cava to the atrioventricular node.
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Figure 3-23 The conducting system of the heart. Note the internodal pathways.
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ARTERIAL SUPPLY OF THE HEART

The arterial supply of the heart is provided by the right and
left coronary arteries, which arise from the ascending aorta
immediately above the aortic valve (Fig. 3-25). The coronary
arteries and their major branches are distributed over the
surface of the heart lying within subepicardial connective
tissue.

The right coronary artery arises from the anterior aortic
sinus of the ascending aorta and runs forward between the
pulmonary trunk and the right auricle (Fig. 3-19). It descends
almost vertically in the right atrioventricular groove, and at
the inferior border of the heart it continues posteriorly along
the atrioventricular groove to anastomose with the left coro-
naty artery in the posterior interventricular groove. The fol-
lowing branches from the right coronary artery supply the
right atrium and right ventricle and parts of the left atrium
and left ventricle and the atrioventricular septum.

Branches

1. Right conus artery. This supplies the anterior surface of
the pulmonary conus (infundibulum of the right ventri-
cle) and the upper part of the anterior wall of the right
ventricle.

2. Anterior ventricular branches. Two or three ir num-
ber, they supply the anterior surface of the right ventricle.
The marginal branch is the largest and runs along the
lower margin of the costal surface to reach the apex.

3. Posterior ventricular branches. Usually two in num-
ber, they supply the diaphragmatic surface of the right
ventricle.
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Figure 3-24 Normal fetal heart (A), atrial septal defect (B), tetralogy of Fallot (C), patent ductus ar-
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Figure 3-25 Coronary arteries and veins.

5. Atrial branches. Several branches supply the anterior
and lateral surfaces of the right atrium. One branch sup-
plies the posterior surface of both the right and left atria.
The artery of the sinoatrial node supplies the node
and the right and left atria; in 35% of individuals it arises
from the left coronary artery.

The left coronary artery, which is usually larger than
the right coronary artery, supplies the major part of the
heart, including the greater part of the left atrium, left ven-
tricle, and ventricular septum. It arises from the left poste-
rior aortic sinus of the ascending aorta and passes forward
between the pulmonary trunk and the left auricle (Fig. 3-
19). It then enters the atrioventricular groove and divides
into an anterior interventricular branch and a circumflex
branch.
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Branches

1. The anterior interventricular (descending) branch
runs downward in the anterior interventricular groove to
the apex of the heart (Fig. 3-25). In most individuals it
then passes around the apex of the heart to enter the pos-
terior interventricular groove and anastomoses with the
terminal branches of the right coronary artery. In one-
third of individuals it ends at the apex of the heart. The
anterior interventricular branch supplies the right and
left ventricles with numerous branches that also supply
the anterior part of the ventricular septum. One of these
ventricular branches (left diagonal artery) may arise di-
rectly from the trunk of the left coronary artery. A small
left conus artery supplies the pulmonary conus.

2. The circumflex artery is the same size as the anterior in-
terventricular artery (Fig. 3-25). It winds around the left
margin of the heart in the atrioventricular groove. A left
marginal artery is a large branch that supplies the left
margin of the left ventricle down to the apex. Anterior
ventricular and posterior ventricular branches sup-
ply the left ventricle. Atrial branches supply the left
atrium.

Variations in the Coronary Arteries

Variations in the blood supply to the heart do occur, and the
most common variations affect the blood supply to the di-
aphragmatic surface of both ventricles. Here the origin, size,
and distribution of the posterior interventricular artery are
variable (Fig. 3-26). In right dominance the posterior inter-
ventricular artery is a large branch of the right coronary
artery. Right dominance is present in most individuals
(90%). In left dominance the posterior interventricular
artery is a branch of the circumflex branch of the left coro-
nary artery (10%).

Coronary Artery Anastomoses

Anastomoses between the terminal branches of the right
and left coronary arteries (collateral circulation) exist, but
they are usually not large enough to provide an adequate
blood supply to the cardiac muscle should one of the large
branches become blocked by disease. A sudden block of
one of the larger branches of either coronary artery usually
leads to myocardial death (myocardial infarction), al-
though sometimes the collateral circulation is enough to
sustain the muscle.

Summary of the Overall Arterial Supply to the Heart in
Most Individuals

The right coronary artery supplies all of the right ventricle
(except for the small area to the right of the anterior inter-
ventricular groove), the variable part of the diaphragmatic
surface of the left ventricle, the posteroinferior third of the
ventricular septum, the right atrium and part of the left
atrium, and the sinoatrial node and the atrioventricular
node and bundle. The LBB also receives small branches.
The left coronary artery supplies most of the left ven-
tricle, a small area of the right ventricle to the right of the in-
terventricular groove, the anterior two-thirds of the ventricu-
lar septum, most of the left atrium, the RBB, and the LBB.
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heart showing the relationship of the blood supply to the conducting system.
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Arterial Supply to the Conducting System

The sinoatrial node is usually supplied by the right but some-
times the left coronary artery. The atrioventricular node and
the atrioventricular bundle are supplied by the right coro-
nary artery. The RBB of the atrioventricular bundle is sup-
plied by the left coronary artery; the LBB is supplied by the
right and left coronary arteries (Fig. 3-26).

VENOUS DRAINAGE OF THE HEART

Most blood from the heart wall drains into the right atrium
through the coronary sinus (Fig. 3-25), which lies in the pos-
terior part of the atrioventricular groove and is a continua-
tion of the great cardiac vein. It opens into the right atrium
to the left of the inferior vena cava. The small and middle
cardiac veins are tributaries of the coronary sinus. The re-
mainder of the blood is returned to the right atrium by the
anterior cardiac vein (Fig. 3-25) and by small veins that
open directly into the heart chambers.
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NERVE SUPPLY OF THE HEART

The heart is innervated by sympathetic and parasympa-
thetic fibers of the autonomic nervous system via the car-
diac plexuses situated below the arch of the aorta. The
sympathetic supply arises from the cervical and upper tho-
racic portions of the sympathetic trunks, and the parasym-
pathetic supply comes from the vagus nerves.

The postganglionic sympathetic fibers terminate on the
sinoatrial and atrioventricular nodes, on cardiac muscle
fibers, and on the coronary arteries. Activation of these
nerves results in cardiac acceleration, increased force of
contraction of the cardiac muscle, and dilatation of the
coronary arteries.

The postganglionic parasympathetic fibers terminate on
the sinoatrial and atrioventricular nodes and on the coro-
nary arteries. Activation of the parasympathetic nerves re-
sults in a reduction in the rate and force of contraction of the
heart and a constriction of the coronary arteries.

Afferent fibers running with the sympathetic nerves carry
nervous impulses that normally do not reach conscious-
ness. However, should the blood supply to the myocardium
become impaired, pain impulses reach consciousness via
this pathway. Afferent fibers running with the vagus nerves
take part in cardiovascular reflexes.

ACTION OF THE HEART

The heart is a muscular pump. The series of changes that
take place within it as it fills with blood and empties is re-
ferred to as the cardiac cycle. The normal heart beats
about 70 to 90 times per minute in the resting adult and
about 130 to 150 times a minute in the newborn child.

Blood is continuously returning to the heart, and during
ventricular systole (contraction), when the atrioventricu-
lar valves are closed, the blood is temporarily accommo-
dated in the large veins and atria. Once ventricular diastole
(relaxation) occurs, the atrioventricular valves open, and
blood passively flows from the atria to the ventricles
(Fig. 3-22). When the ventricles are nearly full, atrial systole
occurs and forces the remainder of the blood in the atria
into the ventricles. The sinoatrial node initiates the wave of
contraction in the atria, which commences around the
openings of the large veins and “milks” the blood toward
the ventricles. By this means blood does not reflux into
the veins.

The cardiac impulse, having reached the atrioventricular
node, is conducted to the papillary muscles by the atri-
oventricular bundle and its branches (Fig. 3-22). The papil-
lary muscles then begin to contract and take up the slack of
the chordae tendineae. Meanwhile, the ventricles start con-
tracting and the atrioventricular valves close. The spread of
the cardiac impulse along the atrioventricular bundle (Fig.
3-22) and its terminal branches, including the Purkinje
fibers, ensures that myocardial contraction occurs at almost
the same time throughout the ventricles.

Once the intraventricular blood pressure exceeds that
present in the large arteries (aorta and pulmonary trunk),
the semilunar valve cusps are pushed aside, and the blood
is ejected from the heart. At the conclusion of ventricular
systole, blood begins to move back toward the ventricles
and immediately fills the pockets of the semilunar valves.
The cusps float into apposition and completely close the
aortic and pulmonary orifices.

Surface Anatomy of the Heart Valves

The surface projection of the heart has already been de-
scribed on page 99 The surface markings of the heart valves
(Fig. 3-27) are as follows.
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e The tricuspid valve lies behind the right half of the ster-
num opposite the fourth intercostal space.

e The mitral valve lies behind the left half of the sternum
opposite the fourth costal cartilage.

e The pulmonary valve lies behind the medial end of the
third left costal cartilage and the adjoining part of the ster-
num.

e The aortic valve lies behind the left half of the sternum
opposite the third intercostal space.

Auscultation of the Heart Valves

On listening to the heart with a stethoscope, one can hear
two sounds: lib-dip. The first sound is produced by the con-
traction of the ventricles and the closure of the tricuspid and
mitral valves. The second sound is produced by the sharp
closure of the aortic and pulmonary valves. It is important
for a physician to know where to place the stethoscope on
the chest wall so that he or she will be able to hear sounds
produced at each valve with the minimum of distraction or
interference.

e The tricuspid valve is best heard over the right half of
the lower end of the body of the sternum (Fig. 3-27).

e The mitral valve is best heard over the apex beat, that is,
at the level of the fifth left intercostal space, 3 1/2 inches
(9 cm) from the midline (Fig. 3-27).

e The pulmonary valve is heard with least interference
over the medial end of the second left intercostal space
(Fig. 3-27).

e The aortic valve is best heard over the medial end of the
second right intercostal space (Fig. 3-27).

CONGENITAL ANOMALIES OF THE HEART

Of the many congenital anomalies that can occur in the
heart and large arteries, four common varieties are illus-
trated in Figure 3-24.

Large Veins of the Thorax

BRACHIOCEPHALIC VEINS

The right brachiocephalic vein is formed at the root of the
neck by the union of the right subclavian and the right in-
ternal jugular veins (Figs. 3-28 and 3-30). The left brachio-
cephalic vein has a similar origin (Figs. 3-16 and 3-18). It
passes obliquely downward and to the right behind the
manubrium sterni and in front of the large branches of the
aortic arch. It joins the right brachiocephalic vein to form
the superior vena cava (Fig. 3-30).

SUPERIOR VENA CAVA

The superior vena cava contains all the venous blood from
the head and neck and both upper limbs and is formed by
the union of the two brachiocephalic veins (Figs. 3-18 and 3-
30). It passes downward to end in the right atrium of the
heart (Fig. 3-21). The vena azygos joins the posterior aspect
of the superior vena cava just before it enters the peri-
cardium (Figs. 3-28 and 3-30).

BLA G padll g Y sl il Bl Sditn plandl po iy @
P E W

Dyl G e e ) Cinad) Gl o plasall pi i @
. ) gl

eIl il g arld 1Y) B Cils (g 95 ) planall i gz @
Al g B ey

B G ol g e Gl s 5 A plosall iz @
A A, M

‘ 1odal Olebews slauof J1
Seoim " e e o SKa bl L ] g Lesa ) e

Ol s galaall Sy dadl el e J gV O gl ooy

G omlaall sUA BN e S gl ooy L L

sl i o arelan i ol O OF el (gl a5 8

‘-_,ai:.-J;l};ic-rL..\pL}fyiﬁL,aJl ‘:"J‘S’*Cl“‘&’i"""*“‘*"’

Agr e st gy

o A Gadl Gy e BN Sl pledll p i w4 Jaif @
(27 =3 S5y et e i) e

doe Ly "Ladl i 0" 3 g 2l plesall p L pi e Jaif @
o (9) L 3V ey (6 ) Bunsl) 2, ) LY (5 52
(27 -3 JSay sl e

Y A 58 (e s) S Bl g8 pledll gl (S0
2T =3 Sy s et 13 a0 BLl]

Bl 2 Ll Gy s St plondll i 340 Juail @
(27 =3 ey a2,

saas¥ bt CUEY Sildgld #
ot o g e, R Sl pisl (24 - 3) S sy
R TES P RCT PRI PR |

ol gh 3y 5391

Okl 3 Glaaiaatt Glaaystl ¢

LA a Gl e e 01 el 1 giiaalt sy 1 S
28-3 0Ny o 6W bl oty g k1 55 20 e F oy )
<16 =3 0Ny ple Loy gl 1 gubiadlt oy 4ll (303
s ol L Gl ooy Jid Lo JS2y s (18 -3
I o (sianll sy I ) sy W g 5800 g A
(30 =3 JSadly bl b o1y, ) NS

rSadall g ¥ iyatt @

A o S (gl ol ST g lall B ) 5
nmpeand) oy ) I SUAL s (80 4 conlall ) ISy ol
3 N—JJA—-—-SUJ-W_"JJ'; (30 =3 (18 — 3 : WSy el
o s ) ey (21 = 3 Sy i Y1 Y
28-3 :0MS_ally el -J,;;J;Lu Sl Oy, M0 ald
(30 -3

Sy-uall PO {RYCA ik | R POV

®_.



Figure 3-27 Position of the heart valves. P, pulmonary valve; A, aortic valve; M, mitral valve; T, tri-
cuspid valve. Arrows indicate position where valves may be heard with least interference.
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AZYGOS VEINS

The azygos veins consist of the main azygos vein, the inferior
hemiazygos vein, and the superior hemiazygos vein. They
drain blood from the posterior parts of the intercostal
spaces, the posterior abdominal wall, the pericardium, the
diaphragm, the bronchi, and the esophagus (Fig. 3-30).

Azygos Vein

The origin of this vein is variable. It is often formed by the
union of the right ascending lumbar vein and the right
subcostal vein. It ascends through the aortic opening in the
diaphragm on the right side of the aorta to the level of the
fifth thoracic vertebra (Fig. 3-30). Here it arches forward
above the root of the right lung to empty into the posterior
surface of the superior vena cava (Fig. 3-28).

The azygos vein has numerous tributaries that include
the eight lower intercostal veins, the right superior in-
tercostal vein, the superior and inferior hemiazygos
veins, and numerous mediastinal veins.

Inferior Hemiazygos Vein

This vein is often formed by the union of the left-ascending
lumbar vein and the left subcostal vein. It ascends through
the left crus of the diaphragm, and at about the level of the
eighth thoracic vertebra turns to the right and joins the azy-
gos vein (see Fig. 2-10). It receives as tributaries some lower
left intercostal veins and mediastinal veins.
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Superior Hemiazygos Vein

This vein is formed by the union of the fourth to the eighth
intercostal veins. It joins the azygos vein at the level of the
seventh thoracic vertebra (see Fig. 2-10).

INFERIOR VENA CAVA

The inferior vena cava pierces the central tendon of the di-
aphragm opposite the eighth thoracic vertebra and almost
immediately enters the lowest part of the right atrium (Figs.
321, 3-28, and 3-30).

PULMONARY VEINS

Two pulmonary veins leave each lung canying oxygenated
blood to the left atrium of the heart (Figs. 3-20, 3-28, 3-29, and
3-34).

Large Arteries of the Thorax

AORTA

The aorta is the main arterial trunk that delivers oxygenated
blood from the left ventricle of the heart to the tissues of the
body. It is divided for purposes of description into the fol-
lowing parts: ascending aorta, arch of the aorta, descending
thoracic aorta, and abdominal aorta.

Ascending Aorta

The ascending aorta begins at the base of the left ventricle
and runs upward and forward to come to lie behind the right
half of the sternum at the level of the sternal angle, where it
becomes continuous with the arch of the aorta (Fig. 3-19).
The ascending aorta lies within the fibrous pericardium (Fig.
3-18) and is enclosed with the pulmonary trunk in a sheath of
serous pericardium. At its root it possesses three bulges, the
sinuses of the aorta, one behind each aortic valve cusp.

Branches

The right coronary artery arises from the anterior aortic si-
nus, and the left coronary artery arises from the left pos-
terior aortic sinus (Figs. 3-19 and 3-25). The further course of
these important arteries is described on pages 152-148-

Arch of the Aorta

The arch of the aorta is a continuation of the ascending
aorta (Fig. 3-19). It lies behind the manubrium sterni and
arches upward, backward, and to the left in front of the tra-
chea (its main direction is backward). It then passes down-
ward to the left of the trachea, and at the level of the sternal
angle becomes continuous with the descending aorta.

Branches

The brachiocephalic artery arises from the convex sur-
face of the aortic arch (Figs. 3-19 and 3-31). It passes upward
and to the right of the trachea and divides into the right sub-
clavian and right common carotid arteries behind the right
sternoclavicular joint.

The left common carotid artery arises from the convex
surface of the aortic arch on the left side of the brachio-
cephalic artery (Figs. 3-19 and 3-31). It runs upward and to
the left of the trachea and enters the neck behind the left
sternoclavicular joint.

The left subclavian artery arises from the aortic arch
behind the left common carotid artery (Figs. 3-19, 3-20, and
3-31). It runs upward along the left side of the trachea and
the esophagus to enter the root of the neck (Fig. 3-29). It
arches over the apex of the left lung.
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Descending Thoracic Aorta

The descending thoracic aorta lies in the posterior medi-
astinum and begins as a continuation of the arch of the
aorta on the left side of the lower border of the body of the
fourth thoracic vertebra (i.e., opposite the sternal angle). It
runs downward in the posterior mediastinum, inclining for-
ward and medially to reach the anterior surface of the ver-
tebral column (Figs. 3-29 and 3-31). Atthe level of the twelfth
thoracic vertebra it passes behind the diaphragm (through
the aortic opening) in the midline and becomes continuous
with the abdominal aorta.

Branches

Posterior intercostal arteries are given off to the lower
nine intercostal spaces on each side (Fig. 3-31). Subcostal
arteries are given off on each side and run along the lower
border of the twelfth rib to enter the abdominal wall.

Pericardial, esophageal, and bronchial arteries are
small branches that are distributed to these organs.

Pulmonary Trunk

The pulmonary trunk conveys deoxygenated blood from
the right ventricle of the heart to the lungs. It leaves the up-
per part of the right ventricle and runs upward, backward,
and to the left (Fig. 3-19). It is about 2 inches (5 cm) long and
terminates in the concavity of the aortic arch by dividing
into right and left pulmonary arteries (Fig. 3-32). Together
with the ascending aorta, it is enclosed in the fibrous peri-
cardium and a sheath of serous pericardium (Fig. 3-18).

Branches

The right pulmonary artery runs to the right behind the
ascending aorta and superior vena cava to enter the root of
the right lung (Figs. 3-19, 3-28, and 3-32).

The left pulmonary artery runs to the left in front of the
descending aorta to enter the root of the left lung (Figs. 3-19,
329, and 3-32).

The ligamentum arteriosum is a fibrous band that con-
nects the bifurcation of the pulmonary trunk to the lower
concave surface of the aortic arch (Figs. 3-18 and 3-20). The
ligamentum arteriosum is the remains of the ductus arterio-
sus, which in the fetus conducts blood from the pulmonary
trunk to the aorta, thus bypassing the lungs. The left recur-
rent laryngeal nerve hooks around the lower border of this
structure (Figs. 3-18 and 3-20). Following birth, the ductus
closes. Should it remain patent, aortic blood will enter the
pulmonaty circulation, producing pulmonary hypertension
and hypertrophy of the right ventricle (Fig. 3-24). Surgical
ligation of the ductys is then necessary.

Lymph Nodes and Vessels of the Thorax

THORACIC WALL

The lymph vessels of the skin of the anterior thoracic wall
drain to the anterior axillary nodes. The lymph vessels of
the skin of the posterior thoracic wall drain to the posterior
axillary nodes. The deep lymph vessels of the anterior
parts of the intercostal spaces drain forward to the internal
thoracic nodes along the internal thoracic blood vessels.
From here, the lymph passes to the thoracic duct on the left
side and the bronchomediastinal trunk on the right side.
The deep lymph vessels of the posterior parts of the inter-
costal spaces drain backward to the posterior intercostal
nodes lying near the heads of the ribs. From here, the lymph
enters the thoracic duct.
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Figure 3-31

MEDIASTINUM

In addition to the nodes draining the lungs, other nodes are
found scattered through the mediastinum. They drain
lymph from mediastinal structures and empty into the bron-
chomediastinal trunks and thoracic duct. Disease and en-
largement of these nodes may exert pres-ure cn important
neighboring mediastinal structures, such as the trachea and
superior vena cava.

THORACIC DUCT

The thoracic duct begins below in the abdomen as a dilated
sac, the cisterna chyli. It ascends through the aortic cpening
in the diaphragm, on the right side of the descending aorta. It
gradually crosses the median plane behind the esophagus
and reaches the left border of the esophagus (Fig. 3-338) at
the level of the lower border of the body of the fourth thoracic
vertebra (sternal angle). It then runs upward along the left
edge of the esophagus to enter the root of the neck (Fig. 3-
33B). Here, it bends laterally behind the carotid sheath and in
front of the vertebral vessels. It turns downward in front of the
left phrenic nerve and crosses the subclavian artery to enter
the beginning of the left brachiocephalic vein.
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At the root of the neck the thoracic duct receives the left
jugular, subclavian, and bronchomediastinal lymph
trunks, although they may drain directly into the adjacent
large veins.

The thoracic duct thus conveys to the blood all lymph
from the lower limbs, pelvic cavity, abdominal cavity, left
side of the thorax, and left side of the head, neck, and left
arm. (See Fig 1-21.)

RIGHT LYMPHATIC DUCT

The right jugular, subclavian, and bronchomediastinal
trunks, which drain the right side of the head and neck, the
right upper limb, and the right side of the thorax, respec-
tively, may join to form the right lymphatic duct. This com-
mon duct, if present, is about 1/2 inch (1.3 cm) long and
opens into the beginning of the right brachiocephalic vein.
Alternatively, the trunks open independently into the great
veins at the root of the neck.

Nerves of the Thorax

VAGUS NERVES

The right vagus nerve descends in the thorax, first lying
posterolateral to the brachiocephalic artery (Fig. 3-33),
then lateral o the trachea and medial to the terminal part
of the azygos vein (Fig. 3-28). It passes behind the root of
the right lung and assists in the formation of the pul-
monary plexus. On leaving the plexus, the vagus passes
onto the posterior surface of the esophagus and takes part
in the formation of the esophageal plexus. It then passes
through the esophageal opening of the diaphragm behind
the esophagus to reach the posterior surface of the stom-
ach.

left principal bronchus (s -t & Jl 2aaill

artery Y1 (s ¢ ) 0L

Figure 3-32 Relationship of the pulmonary arteries
to the bronchial tree.
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The left vagus nerve descends in the thorax between
the left common carotid and left subclavian arteries (Figs. 3-
29 and 3-33). It then crosses the left side of the aortic arch
and is itself crossed by the left phrenic nerve. The vagus then
turns backward behind the root of the left lung and assists
in the formation of the pulmonary plexus. On leaving the
plexus, the vagus passes onto the anterior surface of the
esophagus and takes part in the formation of the
esophageal plexus. It then passes through the esophageal
opening in the diaphragm in front of the esophagus to reach
the anterior surface of the stomach.

Branches

Both vagi supply the lungs and esophagus. The right vagus
gives off cardiac branches, and the left vagus gives origin to
the left recurrent laryngeal nerve. (The right recurrent laryn-
geal nerve arises from the right vagus in the neck and hooks
around the subclavian artery and ascends between the tra-
chea and esophagus.)

The left recurrent laryngeal nerve arises from the left
vagus trunk as the nerve crosses the arch of the aorta (Figs.
3-18, 3-20, and 3-29). It hooks around the ligamentum arte-
riosum and ascends in the groove between the trachea and
the esophagus on the left side (Fig. 3-33). It supplies all the
muscles acting on the left vocal cord (except the cricothy-
roid muscle, a tensor of the cord, which is supplied by the
external laryngeal branch of the vagus).

PHRENIC NERVES

The phrenic nerves arise from the neck from the anterior rami
of the third, fourth, and fifth cervical nerves. (See chll )

The right phrenic nerve descends in the thorax along
the right side of the right brachiocephalic vein and the su-
perior vena cava (Figs. 3-28 and 3-33). It passes in front of the
root of the right lung and runs along the right side of the peri-
cardium, which separates the nerve from the right atrium. It
then descends on the right side of the inferior vena cava to
the diaphragm. Its terminal branches pass through the caval
opening in the diaphragm to supply the central part of the
peritoneum on its underaspect.

The left phrenic nerve descends in the thorax along the
left side of the left subclavian artery. It crosses the left side of
the aortic arch (Fig. 3-23) and here crosses the left side of the
left vagus nerve. It passes in front of the root of the left lung
and then descends over the left surface of the pericardium,
which separates the nerve from the left ventricle. On reaching
the diaphragm, the terminal branches pierce the muscle and
supply the central part of the peritoneum on its underaspect.

The phrenic nerves possess efferent and afferent fibers.
The efferent fibers are the sole nerve supply to the muscle
of the diaphragm.

The afferent fibers carry sensaticn to the central nervous
system from (a) the peritoneum covering the central region
of the undersurface of the diaphragm, (b) the pleura cover-
ing the central region of the upper surface of the diaphragm,
and (c) the pericardium and mediastinal parietal pleura.

THORACIC PART OF THE SYMPATHETIC TRUNK

The thoracic part of the sympathetic trunk is continuous
above with the cervical and below with the lumbar parts of
the sympathetic trunk. It is the most laterally placed struc-
ture in the mediastinum and runs downward on the heads
of the ribs (Figs. 3-28 and 3-29). It leaves the thorax on the
side of the body of the twelfth thoracic vertebra by passing
behind the medial arcuate ligament.
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Figure 3-33 Cross section of thorax. A. At inlet, as seen from above. B. At fourth thoracic vertebra, as seen from below.
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The sympathetic trunk has 12 (often only 11) segmentally
arranged ganglia, each with a white and gray ramus com-
municans passing to the corresponding spinal nerve. The
first ganglion is often fused with the inferior cervical gan-
glion to form the stellate ganglion.

Branches

1. Gray rami communicantes go to all the thoracic spinal
nerves. The postganglionic fibers are distributed through
the branches of the spinal nerves to the blood vessels,
sweat glands, and arrector pili muscles of the skin.

2. The first five ganglia give postganglionic fibers to the
heart, aorta, lungs, and esophagus.
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3. The lower eight ganglia mainly give preganglionic fibers,
which are grouped together to form the splanchnic
nerves (Figs. 3-28 and 3-29) and supply the abdominal
viscera. They enter the abdomen by piercing the crura of
the diaphragm. The greater splanchnic nerve arises
from ganglia 5-9, the lesser spanchnic nerve arises
from ganglia 10 and 11, and the lowest splanchnic
nerve arises from ganglion 12. For details of the distribu-
tion of these nerves in the abdomen, see chap 5 .

Esophagus

The esophagus is a tubular structure about 10 inches (25
cm) long that is continuous above with the laryngeal part of
the pharynx opposite the sixth cervical vertebra. It passes
through the diaphragm at the level of the tenth thoracic ver-
tebra to join the stomach (Fig. 3—-6)*

In the neck, the esophagus lies in front of the vertebral
column; laterally, it is related to the lobes of the thyroid
gland; and anteriorly, it is in contact with the trachea and
the recurrent laryngeal nerves. (Seech’11)-

In the thorax, it passes downward and to the left through
the superior and then the posterior mediastinum. At the
level of the sternal angle the aortic arch pushes the esopha-
gus over to the midline (Fig. 3-33).

The relations of the thoracic part of the esophagus from
above downward are as follows:

e Anteriorly: The trachea and the left recurrent laryngeal
nerve; the left principal bronchus, which constricts it; and
the pericardium, which separates the esophagus from the
left atrium (Figs. 3-33 and 3-34).

e Posteriorly: The bodies of the thoracic vertebrae; the
thoracic duct; the azygos veins; the right posterior inter-
costal arteries; and, at its lower end, the descending tho-
racic aorta (Figs. 3-33 and 3-34).

e Right side: The mediastinal pleura and the terminal part
of the azygos vein (Fig. 3-28).

e Left side: The left subclavian artery, the aortic arch, the
thoracic duct, and the mediastinal pleura (Fig. 3-29).

Inferiorly to the level of the roots of the lungs, the vagus
nerves leave the pulmonary plexus and join with sympa-
thetic nerves to form the esophageal plexus. The left vagus
lies anterior to the esophagus and the right vagus lies poste-
rior. At the opening in the diaphragm the esophagus is ac-
companied by the two vagi, branches of the left gastric
blood vessels, and lymphatic vessels. Fibers from the right
crus of the diaphragm pass around the esophagus in the
form of a sling.

In the abdomen the esophagus descends for about 1/2
inch (1.3 ¢cm) and then enters the stomach. It is related to
the left lobe of the liver anteriorly and to the left crus of the
diaphragm posteriorly.

BLOOD SUPPLY OF THE ESOPHAGUS

The upper third of the esophagus is supplied by the inferior
thyroid artery, the middle third by branches from the de-
scending thoracic aorta, and the lower third by branches
from the left gastric artery. The veins from the upper third
drain into the inferior thyroid veins, from the middle third
into the azygos veins, and from the lower third into the left
gastric vein, a tributary of the portal vein.
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Figure 3-34 Cross section of thorax at eighth thoracic vertebra, as seen from below.
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LYMPH DRAINAGE OF THE ESOPHAGUS

Lymph vessels from the upper third of the esophagus drain
into the deep cervical nodes, from the middle third into the
superior and posterior mediastinal nodes, and from the
lower third into nodes along the left gastric blood vessels
and the celiac nodes (Fig. 3-13).

NERVE SUPPLY OF THE ESOPHAGUS

The esophagus is supplied by parasympathetic and sym-
pathetic efferent and afferent fibers via the vagi and sym-
pathetic trunks. In the lower part of its thoracic course,
the esophagus is surrounded by the esophageal nerve
plexus.

Thymus

The thymus is a flattened, bilobed structure (Fig. 3-33) lying
between the sternum and the pericardium in the anterior
mediastinum. In the newborn infant it reaches its largest size
relative to the size of the body, at which time it may extend
up through the superior mediastinum in front of the great
vessels into the root of the neck. The thymus continues to
grow until puberty, but thereafter undergoes involution. It
has a pink, lobulated appearance and is the site for devel-
opment of T (thymic) lymphocytes.

BLOOD SUPPLY

The blood supply of the thymus is from the inferior thyroid
and internal thoracic arteries.

Cross-Sectional Anatomy of the Thorax

To assist in the interpretation of computed tomographic
(CT) scans of the thorax, study the labeled cross sections of
the thorax shown in Figure 3-35. The sections have been
photographed on their inferior surfaces. (See Figs. 344 and
345 for CT scans.)
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Only the more important features seen on standard pos-
teroanterior and oblique lateral radiographs of the chest are
discussed.

Posteroanterior Radiograph

A posteroanterior radiograph is taken with the anterior
wall of the patient's chest touching the cassette holder and
with the x-rays traversing the thorax from the posterior to
the anterior aspect (Figs. 3-36 and 3-37). First check to
make sure that the radiograph is a true posteroanterior ra-
diograph and is not slightly oblique. Look at the sternal
ends of both clavicles; they should be equidistant from the
vertebral spines.
Now examine the following in a systematic order.

1. Superficial soft tissues. The nipples in both sexes and
the breasts in the female may be seen superimposed on
the lung fields. The pectoralis major may also cast a soft
shadow.

2. Bones. The thoracic vertebrae are imperfectly seen. The
costotransverse joints and each rib should be examined
in order from above downward and compared with the
fellows of the opposite side (Fig. 3-36). The costal carti-
lages are not usually seen, but should they be calcified,
they will be visible. The clavicles are clearly seen crossing
the upper part of each lung field. The medial borders of
the scapulae may overlap the periphery of each lung field.

3. Diaphragm. This casts dome-shaped shadows on each
side; the one ¢n the right is slightly higher than the one
on the left. Note the costophrenic angle, where the di-
aphragm meets the thoracic wall (Fig. 3-36). Beneath the
right dome is the homogeneous, dense shadow of the
liver, and beneath the left dome a gas bubble may be
seen in the fundus of the stomach.

4. Trachea. The radiotranslucent, airfilled shadow of the
trachea is seen in the midline of the neck as a dark area
(Fig. 3-36). This is superimposed on the lower cervical
and upper thoracic vertebrae.

5. Lungs. Looking first at the lung roots, one sees relatively
dense shadows caused by the presence of the blood-
filled pulmonary and bronchial vessels, the large
bronchi, and the lymph nodes (Fig. 3-36). The lung fields,
by virtue of the air they contain, readily permit the pas-
sage of x-rays. For this reason the lungs are more translu-
cent on full inspiration than on expiration. The pul-
monary blood vessels are seen as a series of shadows
radiating from the lung root. When seen end on, they ap-
pear as small, round, white shadows. The large bronchi,
if seen end on, also cast similar round shadows. The
smaller bronchi are not seen.

6. Mediastinum. The shadow is produced by the various
structures within the mediastinum, superimposed one on
the other (Figs. 3-36 and 3-37). Note the outline of the
heart and great vessels. The transverse diameter of the
heart should not exceed half the width of the thoracic
cage. Remember that on deep inspiration, when the di-
aphragm descends, the vertical length of the heart in-
creases and the transverse diameter is narrowed. In in-
fants the heart is always wider and more globular in
shape than in adults.
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Figure 3-36 Posteroanterior radiograph of the chest of a normal adult man.
cgg il Jay e aaalt 33 il Al 4il elad 5 ) 0a 1(36-3) Jed

The right border of the mediastinal shadow from above
downward consists of the right brachiocephalic vein, the su-
perior vena cava, the right atrium, and sometimes the infe-
rior vena cava (Figs. 3-36 and 3-37). The left border consists
of a prominence, the aortic knuckle, caused by the aortic
arch; below this are the left margin of the pulmonary trunk,
the left auricle, and the left ventricle (Figs. 3-36 and 3-37).
The inferior border of the mediastinal shadow (lower bor-
der of the heart) blends with the diaphragm and liver. Note
the cardiophrenic angles.
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Figure 3-37 Main features observable in the posteroanterior radiograph of the chest shown in
Figure 3-36. Note the position of the patient in relation to the x-ray source and cassette holder.
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Right Oblique Radiograph bt | AL Asclaiidl 3 yguall o
A right oblique radiograph is obtained by rotating the pa- o~ Z> oA g sl Al et ) pall e fuass
tient so that the right anterior chest wall is touching the cas- 4 o} X sl jlams dlal Sl jal \_,,-'u@l S o e
sette holder and the x-rays traverse the thorax from posterior ) ) i i N i

to anterior in an oblique direction (Figs. 3-38 and 3-39). The Las 1 sy (39 -3 38 - 3 038 Jl ol pUYI ) Gl
heart shadow is largely made up by the right ventricle. A ¢ W gpladl Ol o oo LA | Wdins Of Relatdl 5yl Lo

small part ot the posterior border is formed by the right MU o Y ty oAl L B e s e Ol
atrium. For further details of structures seen on this view, see ’ ’
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Figure 3-38 Right oblique radiograph of the chest of a normal adult man after a barium swallow
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Left Oblique Radiograph

A left oblique radiograph is obtained by rotation of the pa-
tient so that the left anterior chest wall is touching the cas-
sette holder and the x-rays traverse the thorax from posterior
to anterior in an oblique direction. The heart shadow is
largely made up of the right ventricle anteriorly and the left
ventricle posteriorly. Above the heart, the aortic arch and
the pulmonary trunk may be seen.

An example of a left lateral radiograph of the chest is
shown in Figures 3-40 and 341.
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Figure 3-39 Main features observable in the right oblique radiograph of the chest shown in Figure
3-38. Note the position of the patient in relation to the x-ray source and cassette holder.
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Figure 3-40 Left lateral radiograph of the chest of a normal adult man after a barium swallow.
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Bronchography and Contrast R Pri TRJC R PSP Rul P -
L A T b wleadl! s giad o
Visualization of the Esophagus il A1 ledls Oy %
Bronchography is a special study of the bronchial tree by <y Jbeal @aul p iadll 5 mel) 2ol @l s i =
means of the introduction of iodized oil or other contrast . Z e . . - _J ):‘ . ﬁ{@ :
nM‘MaJJ}wa/-\wL}FLI 25 Ly of (o5

medium into a particular bronchus or bronchi, usually un-

der fluoroscopic control. The contrast media are noniritat: by &8 5 8 WU blu ff 0,55 (¢, ldlly glaash il
ing and sufficiently radiopaque to allow good visualization WL S — 3 KL & o i Lk
of the bronchi (Fig. 342). After the radiographic examina- t ke =2 i )= ) Lo ol Bl g ol
tion is completed, the patient is asked to cough and expec- Al ey iy e OF M e i sl el
torate the contrast medium.
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Main features observable in a left lateral radiograph of the chest shown in Figure 3-40.

Note the position of the patient in relation to the x-ray source and cassette holder.
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Contrast visualization of the esophagus (Figs. 3-38 and 3-
40) is accomplished by giving the patient a creamy paste of
barium sulfate and water to swallow. The aortic arch and
the left bronchus cause a smooth indentation on the ante-
rior border of the barium-filled esophagus. This procedure
can also be used to outline the posterior border of the left
atrium in a right oblique view. An enlarged left atrium
causes a smooth indentation of the anterior border of the
barium-filled esophagus.

boaall e dailad eledl) 3 sall o Lgiaalia (S (Al Aeui ) ) 1(41-3) Joid

el Jala g X Aadi jaceal dandlly (g sl

oo M el (40-3 (38-3 1My bl s M Lk
bl ol ety el e g ) Sl s O s
'*—r-uﬁ JHX” s o el el bl Ll B e
S A BB sy JLBY Y e it Sy s
e bl ol el W gy B s )
el e glll ol 2l U

-

Sy-uall Cgadf :EI N Juaddl ——



Figure 3-42 Posteroanterior bronchogram of the chest. Aalad 4818 4 gle i 3 g :(42-3) Jean

Coronary Angiography LSy e oY pgiat
The coronary arteries can be visualized by the introduction  -L5tad e @B Sole i 5 b e ALISY1 ol 2l Ll ey

of radiopaque material into their lumen. Under fluoro- 4 ; 1 & G ] I -
. p R JrIED [ P Lhs , < olza W S PR PO RSP
scopic control, a long narrow catheter is passed into the as- B i ks vire =

cending aorta via the femoral artery in the leg. The tip of the s LRt S5 e iy L GL G gl 0L 2l 5 b e el
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jected to reveal the lumen of the artery and its branches. UL'“’ e G el fms Sy ke 3y 00 e dal by
The information can be recorded on radiographs (Fig. 343) sl &bl yy Jlendl et ppad 5 b e 41 (43 — 3 Ky

or by cineradiography. Using this technique, pathological  ,y . . S SR b e il s A
narrowing or blockage of a coronary artery can be identi- AR s S e “5—”’1 ) o 88 i
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Figure 3-43 Coronary angiograms. A. Shows area of extreme narrowing of the circumflex branch
of the left coronary artery (white arrow). B. Shows same artery after percutaneous transluminal
coronary angioplasty. Inflation of the luminal balloon has dramatically improved the area of steno-
sis (white arrow).
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Computed Tomographic (CT) Scanning
of the Thorax

CT scanning relies on the same physics as conver ntional x
rays but combines it with computer technology. A source o{
x-ravs moves in an arc around the thorax and sends out a
heam of x-rays. The beams of x-rays, having passed through
the thoracic wall and the thoracic viscera, are converted
into electronic impulses that produce readings of the den-
sity of the tissue in a 1-cm slice of the body. From these read-
ings the computer assembles a picture of the thorax called
a CT scan, which can be viewed on a fluorescent screen and
then photographed (Figs. 3-44 and 345).
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Figure 3-44 CT scan of the upper part of the thorax at the level of the third thoracic vertebra. The
section is viewed from below.
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CHEST PAIN

The presenting symptom of chest pain is a common prob-
lem in clinical practice. Unfortunately, chest pain is a symp-
tom common to many conditions and may be caused by dis-
ease in the thoracic and abdominal walls or in many
different thoracic and abdominal viscera. The severity of the
pain is often unrelated to the seriousness of the cause.
Myocardial pain may mimic esophagitis, musculoskeletal
chest wall pain, and other non-life-threatening causes.
Unless the physician is astute, a patient may be discharged
with a more serious condition than the symptoms indicate.
It is not good enough to have a correct diagnosis
only 99% of the time with chest pain. An understanding
of chest pain will help the physician in the systematic con-
sideration of the differential diagnosis.

Somatic Chest Pain

Pain arising from the chest or abdominal walls is intense
and discretely localized. Somatic pain arises in sensory
nerve endings in these structures and is conducted to the
central nervous system by segmental spinal nerves.

Visceral Chest Pain

Visceral pain is diffuse and poorly localized. It is con-
ducted to the central nervous system along afferent auto-
nomic nerves. Most visceral pain fibers ascend to the spinal
cord along sympathetic nerves and enter the cord through
the posterior nerve roots of segmental spinal nerves. Some
pain fibers from the pharynx and upper part of the esopha-
gus and the trachea enter the central nervous system
through the parasympathetic nerves via the glossopharyn-
geal and vagus nerves.

Referred Chest Pain

Referred chest pain is the feeling of pain at a location
other than the site of origin of the stimulus, but in an area
supplied by the same or adjacent segments of the spinal
cord. Both somatic and visceral structures can produce re-
ferred pain.

Thoracic Dermatomes

To understand chest pain a working kn~wledge of the
thoracic dermatomes is essential. (See p 595 60, 61.)

Pain and “ung Disease
This is fully discussed on page 181 « 182«

Cardiac Pain

This is fully discussed on page 184~
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Deflection of Mediastinum

In the cadaver, the mediastinum, as the result of the hard-
ening effect of the preserving fluids, is an inflexible, fixed
structure. In the living, it is very mobile; the lungs, heart, and
large arteries are in rhythmic pulsation, and the esophagus
distends as each bolus of food passes through it.

If air enters the pleural cavity (a condition called pneu-
mothorax), the lung on that side immediately collapses
and the mediastinum is displaced to the opposite side. This
condition reveals itself by the patient's being breathless and
in a state of shock, and, on examination, the trachea and the
heart are found to be displaced to the opposite side.

Mediastinitis

The structures that make up the mediastinum are em-
bedded in loose connective tissue that is continuous with
that of the root of the neck. Thus, it is possible for a deep in-
fection of the neck to spread readily into the thorax, pro-
ducing a mediastinitis.

Mediastinal Tumors or Cysts

Because many vital structures are crowded together
within the mediastinum, their functions can be interfered
with by an enlarging tumor or organ. A tumor of the left lung
can rapidly spread to involve the mediastinal lymph nodes,
which on enlargement may compress the left recurrent la-
ryngeal nerve, producing paralysis of the left vocal fold. An
expanding cyst or tumor can partially occlude the superior
vena cava, causing severe congestion of the veins of the up-
per part of the body. Other pressure effects can be seen on
the sympathetic trunks, phrenic nerves, and sometimes the
trachea, main bronchi, and esophagus.

Mediastinoscopy

Mediastinoscopy is a diagnostic procedure whereby
specimens of tracheobronchial lymph nodes are obtained
without opening the pleural cavities. A small incision is
made in the midline in the neck just above the suprasternal
notch, and the superior mediastinum is explored down to
the region of the bifurcation of the trachea. The procedure
can be used to determine the diagnosis and degree of
spread of carcinoma of the bronchus.

‘PLEURAE

Pleurisy

Inflammation of the pleura (pleuritis or pleurisy), sec-
ondary to inflammation of the lung (i.e., pneumonia), re-
sults in the pleural surfaces becoming coated with inflam-
matory exudate, causing the surfaces to be roughened. This
roughening produces friction, and a pleural rub can be
heard with the stethoscope on inspiration and expiration.
Often the exudate becomes invaded by fibroblasts, which
lay down collagen and bind the visceral pleura to the pari-
etal pleura, forming pleural adhesions.
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Pneumothorax, Empyema, and Pleural
Effusion

As the result of disease or injury (stab or gunshot
wounds), air can enter the pleural cavity from the lungs or
through the chest wall (pneumothorax). In the old treat-
ment of tuberculosis, air was purposely injected into the
pleural cavity to collapse and rest the lung. This was known
as artificial pneumothorax. A spontaneous pneumotho-
rax is a condition in which air enters the pleural cavity sud-
denly without its cause being immediately apparent. After
investigation, it is usually found that air has entered from a
diseased lung and a bulla (bleb) has ruptured.

Stab wounds of the thoracic wall may pierce the parietal
pleura so that the pleural cavity is open to the outside air.
This condition is called open pneumothorax. Each time
the patient inspires, it is possible to hear air under atmo-
spheric pressure being sucked into the pleural cavity.
Sometimes the clothing and the layers of the thoracic wall
combine to form a valve so that air enters on inspiration but
cannot exit through the wound. In these circumstances, the
air pressure builds up on the wounded side and pushes the
mediastinum toward the opposite side. In this situation, a
collapsed lung is on the injured side and the opposite lung
is compressed by the deflected mediastinum. This danger-
ous condition is called a tension pneumothorax.

Air in the pleural cavity associated with serous fluid is
known as hydropneumothorax, associated with pus as
pyopneumothorax, and associated with blood as hemop-
neumothorax. A collection of pus (without air) in the pleu-
ral cavity is called an empyema. The presence of serous
fluid in the pleural cavity is referred to as a pleural effusion
(Fig. 346). Fluid (serous, blood, or pus) can be drained
from the pleural cavity through a wide-bore needle, as de-
scribed on page 102 -

In hemopneumothorax, blood enters the pleural cav-
ity. It can be caused by stab or bullet wounds to the chest
wall, resulting in bleeding from blood vessels in the chest
wall, from vessels in the chest cavity, or from a lacerated
lung.

JRACHEA AND BRONCHI

Compression of the Trachea

The trachea is a membranous tube kept patent under
normal conditions by U-shaped bars of cartilage. In the
neck, a unilateral or bilateral enlargement of the thyroid
gland can cause gross displacement or compression of the
trachea. A dilatation of the aortic arch (aneurysm) can
compress the trachea. With each cardiac systole the pulsat-
ing aneurysm may tug at the trachea and left bronchus, a
clinical sign that can be felt by palpating the trachea in the
suprasternal notch.

Tracheitis or Bronchitis

The mucosa lining the trachea is innervated by the re-
current laryngeal nerve and, in the region of its bifurcation,
by the pulmonary plexus. A tracheitis or bronchitis gives
rise to a raw, burning sensation felt deep to the sternum in-
stead of actual pain. Many thoracic and abdominal viscera,
when diseased, give rise to discomfort that is felt in the mid-
line. (Seechap 5) It seems that organs possessing a sensory
innervation that is not under normal conditions directly re-
layed to consciousness display this phenomenon. The affer-
ent fibers from these organs traveling to the central nervous
system accompany autonomic nerves.
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Figure 3-46 Case of right-sided pleural effusion. The mediastinum is displaced to the left, the right
lung is compressed, and the bronchi are narrowed. Auscultation would reveal only faint breath
sounds over the compressed lung and absent breath sounds over fluid in the pleural cavity.
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Inhaled Foreign Bodies

Inhalation of foreign bodies into the lower respiratory
tract is common, especially in children. Pins, screws, nuts,
bolts, peanuts, and parts of chicken bones and toys have all
found their way into the bronchi. Parts of teeth may be in-
haled while a patient is under anesthesia during a difficult
dental extraction. Because the right bronchus is the wider
and more direct continuation of the trachea (Fig. 3-9), for-
eign bodies tend to enter the right instead of the left
bronchus. From there, they usually pass into the middle or
lower lobe bronchi.

Bronchoscopy

Bronchoscopy enables a physician to examine the inte-
rior of the trachea, its bifurcation, called the carina, and the
main bronchi. With experience it is possible to examine the
interior of the lobar bronchi and the beginning of the first
segmental bronchi. By means of this procedure, it is also pos-
sible to obtain biopsy specimens of mucous membrane and
to remove inhaled foreign bodies (even an open safety pin).

Lodgment of a foreign body in the larynx or edema of the
mucous membrane of the larynx secondary to infection or
trauma may require immediate relief to prevent asphyxia-
tion. A method commonly used to relieve complete ob-
struction is tracheostomy. (See ch 11 )
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Physical Examination of the Lungs

For physical examination of the patient, it is well to re-
member that the upper lobes of the lungs are most easily ex-
amined from the front of the chest and the lower lobes from
the back. In the axillae, areas of all lobes can be examined.

Trauma to the Lungs

A physician must always remember that the apex of the
lung projects up into the neck (1 inch [2.5 cm] above the clav-
icle) and can be damaged in stab or bullet wounds in this area.

Although the lungs are well protected by the bony tho-
racic cage, a splinter from a fractured rib can nevertheless
penetrate the lung and air can escape into the pleural cav-
ity, causing a pneumothorax and collapse of the lung. It can
also find its way into the lung connective tissue. From there,
the air moves under the visceral pleura until it reaches the
lung root. It then passes into the mediastinum and up to the
neck. Here, it may distend the subcutaneous tissue, a con-
dition known as subcutaneous emphysema.

Pain and Lung Disease

Lung tissue and the visceral pleura are devoid of pain-
sensitive nerve endings, so that pain in the chest is always
the result of conditions affecting the surrounding structures.
In tuberculosis or pneumonia, for example, pain may never
be experienced.

Once lung disease crosses the visceral pleura and the
pleural cavity to involve the parietal pleura, pain becomes a
prominent feature. Lobar pneumonia with pleurisy, for ex-
ample, produces a severe tearing pain, accentuated by in-
spiring deeply or coughing. Because the lower part of the
costal parietal pleura receives its sensory innervation from
the lower five intercostal nerves, which also innervate the
skin of the anterior abdominal wall, pleurisy in this area
commonly produces pain that is referred to the abdomen.
This has sometimes resulted in a mistaken diagnosis of an
acute abdominal lesion.

In a similar manner, pleurisy of the central part of the di-
aphragmatic pleura, which receives sensory innervation
from the phrenic nerve (C3, 4, and 5), can lead to referred
pain over the shoulder because the skin of this region is sup-
plied by the supraclavicular nerves (C3 and 4).

Surgical Access to the Lungs

Surgical access to the lung or mediastinum is commonly
undertaken through an intercostal space. (See p 103)
Special rib retractors that allow the ribs to be widely sepa-
rated are used. The costal cartilages are sufficiently elastic to
permit considerable bending. Good exposure of the lungs is
obtained by this method.

Segmental Resection of the Lung

A localized chronic lesion such as that of tuberculosis or a
benign neoplasm may require surgical removal. [f it is re-
stricted to a bronchopulmonary segment, it is possible care-
fully to dissect out a particular segment and remove it, leaving
the surrounding lung intact. Segmental resection requires that
the radiologist and thoracic surgeon have a sound knowledge
of the bronchopulmonary segments and that they cooperate
fullv to localize the lesion accurately before operation.
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Bronchogenic Carcinoma

Bronchogenic carcinoma accounts for about one-third of
all cancer deaths in men and is becoming increasingly com-
mon in women. It commences in most patients in the mu-
cous membrane lining the larger bronchi and is therefore sit-
uated close to the hilum of the lung. The neoplasm rapidly
spreads to the tracheobronchial and bronchomediastinal
nodes and may involve the recurrent laryngeal nerves.
Lymphatic spread via the bronchomediastinal trunks may re-
sult in early involvement in the lower deep cervical nodes
just above the level of the clavicle. Hematogenous spread to
bones and the brain commonly occurs.

Conditions That Decrease Respiratory
Efficiency

CONSTRICTION OF THE BRONCHI (BRONCHIAL

ASTHMA)

One of the problems associated with bronchial asthma is
the spasm of the smooth muscle in the wall of the bronchi
oles. This particularly reduces the diameter of the bronchi
oles during expiration, usually causing the asthmatic patient
to experience great difficulty in expiring, although inspiration
is accomplished normally. The lungs consequently become
greatly distended and the thoracic cage becomes perma-
nently enlarged, forming the so-called barrel chest. In addi-
tion, the air flow through the bronchioles is further impeded
by the presence of excess mucus, which the patient is unable
to clear because an effective cough cannot be produced.

Loss oF Lung EvLasticiTy

Many diseases of the lungs, such as emphysema and
pulmonary fibrosis, destroy the elasticity of the lungs, and
thus the lungs are unable to recoil adequately, causing in-
complete expiration. The respiratory muscles in these pa-
tients have to assist in expiration, which no longer is a pas-
sive phenomenon.

Loss OF LUNG DISTENSIBILITY

Diseases such as silicosis, asbhestosis, cancer, and
pneumonia interfere with the process of expanding the lung
in inspiration. A decrease in the compliance of the lungs and
the chest wall then occurs, and a greater effort has to be un-
dertaken by the inspiratory muscles to inflate the lungs.

Postural Drainage

Excessive accumulation of bronchial secretions in a lobe
or segment of a lung can seriously interfere with the normal
flow of air into the alveoli. Furthermore, the stagnation of
such secretions is often quickly followed by infection. To
aid in the normal drainage of a bronchial segment, a phys-
iotherapist often alters the position of the patient so that
gravity assists in the process of drainage. Sound knowledge
of the bronchial tree is necessary to determine the optimum
position of the patient for good postural drainage.

‘.EERICARmUM

Pericarditis

In inflammation of the serous pericardium, called peri-
carditis, pericardial fluid may accumulate excessively,
which can compress the thin-walled atria and interfere with
the filling of the heart during diastole. This compression of
the heart is called cardiac tamponade.
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Cardiac tamponade can also occur secondary to stab or
gunshot wounds where the chambers of the heart have
been penetrated. The blood escapes-into the pericardial
cavity and can restrict the filling of the heart.

Roughening of the visceral and parietal layers of serous
pericardium by inflammatory exudate in acute pericarditis
produces pericardial friction rub, which can be felt on
palpation and heard through a stethoscope.

Pericardial fluid can be aspirated from the pericardial
cavity should excessive amounts accumulate in pericarditis.
This process is called paracentesis. The needle can be in-
troduced to the left of the xiphoid process in an upward and
backward direction at an angle of 45° to the skin. When
paracentesis is performed at this site, the pleura and lung
are not damaged because of the presence of the cardiac
notch in this area.

‘HEART

Atrial Septal Defects

After birth the foramen ovale becomes completely
closed as the result of the fusion of the septum primum with

the septum secundum. In 25% of hearts, a small opening per--

sists, but this is usually of such a minor nature that it has no
clinical significance. Occasionally the opening is much
larger and results in oxygenated blood from the left atrium
passing over into the right atrium.

Ventricular Septal Defects

The ventricular septum is formed in a complicated man-
ner and is only complete when the membranous part fuses
with the muscular part. Ventricular septal defects are less
frequent than atrial septal defects. They are found in the
membranous part of the septum and can measure 1 to 2 cm
in diameter. Blood under high pressure passes through the
defect from left to right, causing enlargement of the right
ventricle. Large defects are serious and can shorten life if
surgery is not performed.

Tetralogy of Fallot

This congenital anomaly is responsible for about 9% of
all congenital heart disease (Fig. 3-24). The anatomic ab-
normalities include (a) large ventricular septal defect; (b)
stenosis of the pulmonary trunk, which can occur at the in-
fundibulum of the right ventricle or at the pulmonary valve;
(c) exit of the aorta immediately above the ventricular sep-
tal defect (instead of from the left ventricular cavity only);
and (d) because of the high blood pressure in the right ven-
tricle, severe hypertrophy of the right ventricle. The defects
cause congenital cyanosis and considerably limit activity;
patients with severe untreated abnormalities die. Once the
diagnosis has been made, most children can be successiully
treated surgically.

Most children find that assuming the squatting position
after physical activity relieves their breathlessness. This hap-
pens because squatting reduces the venous return by com-
pressing the abdominal veins and increasing the systemic
arterial resistance by kinking the femoral and popliteal ar-
teries in the legs; both these mechanisms tend to decrease
the right-to-left shunt through the ventricular septal defect
and improve the pulmonary circulation.
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Cardiac Pain

Pain originating in the heart as the result of acute my-
ocardial ischemia is assumed to be caused by oxygen defi-
ciency and the accumulation of metabolites, which stimu-
late the sensory nerve endings in the myocardium. The
afferent nerve fibers ascend to the central nervous system
through the cardiac branches of the sympathetic trunk and
enter the spinal cord through the posterior roots of the up-
per four thoracic nerves. The nature of the pain varies con-
siderably, from a severe crushing pain to nothing more than
a mild discomfort.

The pain is not felt in the heart, but is referred to the skin
areas supplied by the corresponding spinal nerves. The skin

areas supplied by the upper four intercostal nerves and by
the intercostobrachial nerve (T2) are therefore affected. The
intercostobrachial nerve communicates with the medial cu-
taneous nerve of the arm and is distributed to skin on the
medial side of the upper part of the arm. A certain amount
of spread of nervous information must occur within the cen-
tral nervous system, for the pain is sometimes felt in the neck
and the jaw.

Myocardial infarction involving the inferior wall or di-
aphragmatic surface of the heart often gives rise to discom-
fort in the epigastrium. One must assume that the afferent
pain fibers from the heart ascend in the sympathetic nerves
and enter the spinal cord in the posterior roots of the sev-
enth, eighth, and ninth thoracic spinal nerves and give rise
to referred pain in the T7, T8, and T9 thoracic dermatomes
in the epigastrium.

Because the heart and the thoracic part of the esophagus
probably have similar afferent pain pathways, it is not sur-
prising that painful acute esophagitis can mimic the pain of
myocardial infarction.

Coronary Artery Disease

The myocardium receives its blood supply through the
right and left coronary arteries. Although the coronary arter-
ies have numerous anastomoses at the arteriolar level, they
are essentially functional end arteries. A sudden block of
one of the large branches of either coronary artery will usu-
ally lead to necrosis of the cardiac muscle (myocardial in-
farction) in that vascular area, and often the patient dies.
Most cases of coronary artery blockage are caused by an
acute thrombosis on top of a chronic atherosclerotic nar-
rowing of the lumen.

Arteriosclerotic disease of the coronary arteries may pre-
sent in three ways, depending on the rate of narrowing of
the lumina of the arteries: (@) as a general degeneration and
fibrosis of the myocardium, which occurs over many years
and is caused by a gradual narrowing of the coronary arter-
ies; (b) as angina pectoris, cardiac pain that occurs on ex-
ertion and is relieved by rest; in this condition, the coronary
arteries are so narrowed that myocardial ischemia occurs
on exertion but not at rest; and (c) as myocardial infarc-
tion, in which coronary flow is suddenly reduced or
stopped and the cardiac muscle undergoes necrosis.
Myocardial infarction is the major cause of death in indus-
trialized nations.

Table 3-1 shows the different coronary arteries that sup-
ply the different areas of the myocardium. This information
can be helpful when attempting to correlate the site of my-
ocardial infarction, the artery involved, and the electrocar-
diographic signature.
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Because coronary bypass surgery, coronaty angioplasty,
and coronary artery stenting are now commonly accepted
methods of treating coronary artery disease, it is incumbent
on the student to be prepared to interpret still and motion
picture angiograms that have been carried out before treat-
ment. For this reason, a working knowledge of the origin,
course, and distribution of the coronary arteries should be
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f Table 3-1 Coronary Artery Lesions, Infarct Location, and ECG Signature*
Tomnary Artery Infarct Location ECG Signature
Proximal LAD Large anterior wall ST elevation: I, L, V1-V6
More distal LAD Anteroapical ST elevation: V2-V4

posterior wall
Some lateral wall
RCA Right ventricular

Usually inferior

Inferior wall if “wraparound” LAD ST elevation: 11, III, F

Distal LAD Anteroseptal ST elevation: V1-V3

Early obtuse, marginal High lateral wall ST elevation: [, L, V4-V6

More distal marginal branch,  Small lateral wall ST elevation: |, L, or V4-V§,

circumflex or no abnormality

Circumflex Posterolateral ST elevation: V4-V6; ST
depression: V1-V2

Distal RCA Small inferior wall ST elevation: II, IIl, F; ST
depression: [, L

Proximal RCA Large inferior wall and " ST elevation: II, IIl, F

ST depression: ], L, V1-V3

ST elevation: V5-V6

ST elevation: V2R-V4R; some
ST elevation: V1, or ST
depression: V2, V3

ST elevation: II, I, F

*ECG, electrocardiographic; LAD, left anterior descending

(interventricular); RCA, right coronary artery.
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Failure of the Conduction System of the
Heart

The sinoatrial node is the spontaneous source of the car-
diac impulse. The atrioventricular node is responsible for
picking up the cardiac impulse from the atria. The atrioven-
tricular bundle is the only route by which the cardiac im-
pulse can spread from the atria to the ventricles. Failure of
the bundle to conduct the normal impulses will result in al-
teration in the rhythmic contraction of the ventricles (ar-
rhythmias) or, if complete bundle block occurs, complete
dissociation between the atria and ventricular rates of con-
traction. The common cause of defective conduction
through the bundle or its branches is atherosclerosis of the
coronary arteries, which results in a diminished blood sup-
ply to the conducting system.

Valvular Disease of the Heart

Inflammation of a valve can cause the edges of the valve
cusps to stick together. Later, fibrous thickening occurs, fol-
lowed by loss of flexibility and shrinkage. Narrowing (steno-
sis) and valvular incompetence (regurgitation) result, and
the heart ceases to function as an efficient pump. In
rheumatic disease of the mitral valve, for example, not only
do the cusps undergo fibrosis and shrink, but also the chor-
dae tendineae shorten, preventing closure of the cusps dur-
ing ventricular systole.

Valvular Heart Murmurs

Apart from the sounds of the valves closing, lub-dup, the
blood passes through the normal heart silently. Should the
valve orifices become narrowed or the valve cusps distorted
and shrunken by disease, however, a rippling effect issetup
and leads to turbulence and vibrations that are heard as
heart murmurs.

The Anatomy of Cardiopulmonary
Resuscitation

Cardiopulmonary resuscitation (CPR), achieved by com-
pressicn of the chest, was originally believed to succeed be-
cause of the compression of the heart between the sternum
and the vertebral column. Now it is recognized that the
blood flows in CPR because the whole thoracic cage is the
pump; the heart functions merely as a conduit for blood. An
extrathoracic pressure gradient is created by external chest
compressions. The pressure in all chambers and locations
within the chest cavity is the same, With compression, blood
is forced out of the thoracic cage. The blood preferentially
flows out the arterial side of the circulation and back down
the venous side because the venous valves in the internal
jugular system prevent a useless oscillatory movement. With
the release of compression, blood enters the thoracic cage,
preferentially down the venous side of the systemic circula-
tion.

KESOPHAGUS

The esophagus has three anatomic and physiologic con-
strictions. The first is where the pharynx joins the upper end,
the second is where the aortic arch and the left bronchus
cross its anterior surface, and the third occurs where the
esophagus passes through the diaphragm into the stomach.
These constrictions are of considerable clinical importance
because they are sites where swallowed foreign bodies can
lodge or through which it may be difficult to pass an
esophagoscope. Because a slight delay in the passage of
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food or fluid occurs at these levels, strictures develop here
after the drinking of caustic fluids. Those constrictions are
also the common sites of carcinoma of the esophagus. It is
useful to remember that their respective distances from the
upper incisor teeth are 6 inches (15 cm), 10 inches (25 cm),
and 16 inches (41 cm) (Fig. 347).

Portal-Systemic Vesious Anastomosis

At the lower third of the esophagus is an important por-
tal-systemic venous anastomosis. (For other portal-systemic
anastomoses, see p. 220.) Here, the esophageal tributaries of
the azygos veins (systemic veins) anastomose with the
esophageal tributaries of the left gastric vein (which drains
into the portal vein). Should the portal vein become ob-
structed, as, for example, in cirrhosis of the liver, portal
hypertension develops, resulting in the dilatation and vari-
cosity of the portal-systemic anastomoses. Varicosed
esophageal veins may rupture during the passage of food,
causing hematemesis (vomiting of blood), which may be
fatal.

Carcinoma of the Lower Third of the
Esophagus

The lymph drainage of the lower third of the esophagus
descends through the esophageal opening in the diaphragm
and ends in the celiac nodes around the celiac artery (Fig.
3-13). A malignant tumor of this area of the esophagus
would therefore tend to spread below the diaphragm along
this route. Consequently, surgical removal of the lesion
would include not only the primary lesion, but also the
celiac lymph nodes and all regions that drain into these
nodes, namely, the stomach, the upper half of the duode-
num, the spleen, and the omenta. Restoration of continuity
of the gut is accomplished by performing an esophagoje-
junostomy.

The Esophagus and the Left Atrium of the

Heart

The close relationship between the anterior wal! of the
esophagus and the posterior wall of the left atrium has al-
ready been emphasized. A “barium swallow” may help a
physician assess the size of the left atrium in cases of left-
sided heart failure, in which the left atrium becomes dis-
tended because of back pressure of venous blood.

;?HRENlC NERVES
Paralysis of the Diaphragm

The phrenic nerve may be paralyzed because of pressure
from malignant tumors in the mediastinum. Surgical crush-
ing or sectioning of the phrenic nerve in the neck producing
paralysis of the diaphragm on one side has in the past been
used as part of the treatment of lung tuberculosis, especially
of the lower lobes. The immobile dome of the diaphragm
rests the lung.

;SYMPATHETIC TRUNK

In the Treatment of Raynaud’s Disease

Preganglionic sympathectomy of the second and third
thoracic ganglia can be performed to increase the blood
flow to the fingers for such conditions as Raynaud's disease.
The sympathectomy causes vasodilatation of the arterioles
in the upper limb.
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Figure 3-47 Diagram showing the approximate respective distances from the incisor teeth (black)
and the nostrils (red) to the normal three constrictions of the esophagus. To assist in the passage
of a tube to the duodenum, the distances to the first part of the duodenum also have been included.
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In Spinal Anesthesia

A high spinal anesthetic may block the preganglionic sym-
pathetic fibers passing out from the lower thoracic segments
of the spinal cord. This produces temporary vasodilatation
below this level, with a consequent fall in blood pressure.

;?ATENT DucTus ARTERIOSUS

The ductus arteriosus represents the distal portion of the
sixth left aortic arch and connects the left pulmonary artery
to the descending aorta. During fetal life, blood passes
through it from the pulmonary artery to the aorta, thus by-
passing the lungs. After birth, it normally constricts, later
closes, and becomes the ligamentum arteriosum.
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Failure of the ductus arteriosus to close may occur as an
isolated congenital abnormality or may be associated with
congenital heart disease. A persistent patent ductus arterio-
sus results in high-pressure aortic blood passing into the pul-
monary artery, which raises the pressure in the pulmonary
circulation. A patent ductus arteriosus is life threatening and
should be ligated and divided surgically.

OARCTATION OF THE AORTA

Coarctanon of the aorta is a congenital narrowing of the
aorta just proximal to, opposite, or distal to the site of at-
tachment of the ligamentum arteriosum. This condition is
believed to result from an unusual quantity of ductus arte-
riosus muscle tissue being present in the wall of the aorta.
When the ductus arteriosus contracts, the ductal muscle in
the aortic wall also contracts, and the aortic lumen becomes
narrowed. Later, when fibrosis takes place, the aortic wall
also is involved, and permanent narrowing occurs.

Clinically, the cardinal sign of acrtic coarctation is absent
or diminished pulses in the femoral arteries of both lower
limbs. To compensate for the diminished volume of blood
reaching the lower part of the body, an enormous collateral
circulation develops with dilation of the internal thoracic,
subclavian, and posterior intercostal arteries. The condition
should be treated surgically.

FAzmos AND HEMIAZYGOS VEINS

In obstruction of the superior or inferior venae cavae, the
azygos veins provide an alternative pathway for the return of
venous blood to the right atrium of the heart. This is possible
because these veins and their tributaries connect the supe-
rior and inferior venae cavae. (See pp.|154 and 156 )
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A g it Jilias Jor
Clinical Problem Solving

Study the following case histories and select the best an-

swer to the questions following them.

A bb-year-old man states that he has noticed an
alteration in his voice. He has lost 40 Ib (18 kg)
and has a persistent cough with blood-stained
sputum. He smokes 50 cigarettes a day. On ex-
amination, the left vocal fold is immobile and lies
in the adducted position. A posteroanterior chest
radiograph reveals a large mass in the upper
lobe of the left lung with an increase in width of

the mediastinal shadow on the left side.

1. The symptoms and signs displayed by this patient can
be explained by the following facts except:

A.

This patient has advanced carcinoma of the
bronchus in the upper lobe of the left lung, which
was seen as a mass on the chest x-ray.

. The carcinoma had metastasized to the bronchome-

diastinal lymph nodes, causing their enlargement
and producing a widening of the mediastinal
shadow seen on the chest x-ray.

. The enlarged lymph nodes had pressed on the left re-

current laryngeal nerve.

. Partial injury to the recurrent laryngeal nerve re-

sulted in paralysis of the abductor muscles of the vo-
cal cords, leaving the adductor muscles unopposed.

. The enlarged lymph nodes pressed on the left recur-

rent nerve as it ascended to the neck anterior to the
arch of the aorta.

A 35-year-old woman had difficulty in breathing
and sleeping at night. She says she falls asleep
only to wake up with a choking sensation. She
finds that she has to sleep propped up in bed on
pillows with her neck flexed to the right.

2. The following facts conceming this case are correct ex-
cept:

A

B.

C.

Veins in the skin at the root of the neck are con-
gested.

The U-shaped cartilaginous rings in the wall of the
trachea prevent it from being kinked or compressed.
The left lobe of the thyroid gland is larger then the
right lobe.

. On falling asleep, the patient tends to flex her neck

laterally over the enlarged left thyroid lobe.

E. The enlarged thyroid gland extends down the neck

into the superior mediastinum.

F. The brachiocephalic veins in the superior medi-
astinum were partially obstructed by the enlarged

thyroid gland.

A 15-year-old boy was rescued from a lake after
falling through thin ice. The next day he devel-
oped a severe cold, and 3 days later his general
condition deteriorated. He became febrile and
started to cough up blood-stained sputum. At first
he had no chest pain, but later, when he coughed,
he experienced severe pain over the right fifth in-
tercostal space in the midclavicular line.
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2. The following facts would explain the patient's signs
and symptoms except!

A.

on ©@

m

The patient had developed lobar pneumonia and
pleurisy in the right lung

Disease of the lung does not cause pain until the pari-
etal pleura is involved.

. The pneumonia was located in the right middle lobe.
. The visceral pleura is innervated by autonomic

nerves that contain pain fibers.

. Pain associated with the pleurisy was accentuated

when movement of the visceral and parietal pleurae
occurred, for example, on deep inspiration or cough-
ing.

A 2-year-old boy was playing with his toy car
when his baby-sitter noticed that a small metal
nut was missing from the car. Two days later the

child developed a cough and became febrile.

4. This child’s illness could be explained by the following

w

6. The following comments concerning this case are cor-

facts except:

A. The child had inhaled the nut.

B. The metal nut could easily be seen on posteroante-
rior and right oblique radiographs.

C. The left principal bronchus is the more vertical and
wider of the two principal bronchi, and inhaled for-
eign bodies tend to become lodged in it.

D. The nut was successfully removed through a bron-
choscope.

E. Children who are teething tend to suck on hard toys.

A 23-year-old woman was examined in the
emergency department because of the sudden
onset of respiratory distress. The physician was
listening to breath sounds over the right
hemithorax and was concerned when no sounds
were heard on the front of the chest at the level

of the tenth rib in the midclavicular line.

. The following comments concerning this patient are

correct except:

A

In a healthy individual, the lower border of the right
lung in the midclavicular line in the midrespiratory
position is at the level of the sixth rib.

. The parietal pleura in the midclavicular line crosses

the tenth rib.

. The costodiaphragmatic recess is situated between

the lower border of the lung and the parietal pleura.

. The lung on extreme inspiration could only descend

in the costodiaphragmatic recess as far as the eighth
rib.

. No breath sounds were heard because the stetho-

scope was located over the liver.

A 61-year-old man was seen in the emergency
department complaining of a feeling of pressure
within his chest. On questioning he said that he
had several attacks before and that they had al-
ways occurred when he was climbing stairs or
digging in the garden. He found that the discom-
fort disappeared with rest after about 5 minutes.
The reason he came to the emergency depart-
ment was that the chest discomfort had occurred
with much less exertion.

rect except:
A. The diagnosis is a classic case of angina pectoris.
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. The sudden change in history, that is, pain caused by

less exertion, should cause the physician concern
that the patient now has unstable angina or an actual
myocardial infarction.

. The afferent pain fibers from the heart ascend to the

central nervous system through the -cardiac
branches of the sympathetic trunk to enter the spinal
cord.

. The afferent pain fibers enter the spinal cord via the

posterior roots of the tenth to the twelfth thoracic
nerves,

. Pain is referred to dermatomes supplied by the up-

per four intercostal nerves and the intercostal
brachial nerve.

A B5-year-old woman has severe aortic incom-
petence, with the blood returning to the cavity of
the left ventricle during ventricular diastole.

7. To hear the aortic valve with the least interference from
the other heart sounds, the best place to place your
stethoscope on the chest wall is:

A.

moOw

The right half of the lower end of the body of the ster-
num.

. The medial end of the second right intercostal space.
. The medial end of the second left intercostal space.
. The apex of the heart.

. The fifth left intercostal space 3 1/2 inches (9 cm)

from the midline.

A 33-year-old woman was jogging across the
park at 11 Pm when she was attacked by a gang
of youths. After she was brutally mugged and
raped, one of the youths decided to stab her in
the heart to keep her silent. Later in the emer-
gency department she was unconscious and in
extremely poor shape. A small wound about 1/2
inch in diameter was present in the left fifth in-
tercostal space about 1/2 inch from the lateral
sternal margin. Her carotid pulse was rapid and
weak, and her neck veins were distended. No ev-
idence of a left-sided pneumothorax existed. A
diagnosis of cardiac tamponade was made.

. The following observations are in agreement with the di-

agnosis except:
A. The tip of the knife had pierced the pericardium.

B. The knife had pierced the anterior wall of the left

ventricle.

C. The blood in the pericardial cavity was under right

ventricular pressure,

D. The blood in the pericardial cavity pressed on the
thin-walled atria and large veins as they traversed the

pericardium to enter the heart.

E. The backed up venous blood caused congestion of

the veins seen in the neck.

F. The poor venous return severely compromised the

cardiac output.

G. A leftsided pneumothorax did not occur because

the knife passed through the cardiac notch.

A 36-year-old woman with a known history of
emphysema (dilatation of alveoli and destruc-
tion of alveolar walls with a tendency to form
cystic spaces) suddenly experiences a severe
pain in the left side of her chest, is breathless,
and is obviously in a state of shock.
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9. Examination of this patient reveals the following find-
ings except:

A.
B.
.
D.
E.

F.

The trachea is displaced to the right in the supraster-
nal notch.

The apex beat of the heart can be felt in the fifth left
intercostal space just lateral to the sternum.

The right lung is collapsed.

The air pressure in the left pleural cavity is at atmo-
spheric pressure.

The air has entered the left pleural cavity as the result
of rupture of one of the emphysematous cysts of the
left lung (leftsided pneumothorax).

The elastic recoil of the lung tissue caused the lung
to collapse.

q

A wife was told that her husband was suffering
from cancer of the lower end of the esophagus.
The physician told her that to save his life, the
surgeon would have to remove the lower part of
the esophagus, the stomach, the spleen, and the
upper part of the duodenum. The wife could not
understand why such a drastic operation was re-
uired to remove such a small tumor.

10. The following facts explain this extensive operation ex-
cept:
A. Carcinoma of the esophagus tends to spread via the

1

—

B.

lymphatic vessels.

The lymphatic vessels descend through the aortic
opening in the diaphragm to enter the celiac lymph
nodes,

. The tumor of the esophagus and an area of normal

adjacent esophagus has to be removed.

. The lymphatic vessels and nodes that drain the dis-

eased area have to be removed.

. Because of the risk that retrograde spread had oc-

curred, the other organs draining into the lymph
nodes also have to be removed.

A b0-year-old man with chronic alcoholism was
told by his physician that he had cirrhosis of the
liver with portal hypertension.

. The following facts would explain why the patient re-

cently vomited a cupful of blood, except:
A. The lower third of the esophagus is the site of a por-

B.

E.

tal systemic anastomosis.

At the lower third of the esophagus the esophageal
veins of the left gastric vein anastomose with the
esophageal veins of the inferior vena cava.

. In cirrhosis of the liver the portal circulation through

the liver is obstructed by fibrous tissue, producing
portal hypertension.

. Many of the dilated veins lie within the mucous

membrane and submucosa and are easily damaged
by swallowed food.

Copious hemorrhage from these veins is difficult to
treat and is often terminal.
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A 5-year-old boy was seen in the emergency de-
partment after an attack of breathlessness during
which he had lost consciousness. The mother
said that her child had had several attacks before
and sometimes his skin had become bluish.
Recently she had noticed that he breathed more
easily when he was playing in a squatting posi-
tion; he also seemed to sleep more easily with his
knees drawn up. An extensive workup, including
angiography, demonstrated that the patient had
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severe congenital heart disease.
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12. The following observations in this patient are consistent
with the diagnosis of tetralogy of Fallot except:

el pase il g 345 a1 Jyo LGN cllas 3 12

A. The child was thinner and shorter than normal. =‘-_’*‘- La "glla
B. His lips, fingers, and toes were cyanotic. cade 0,80 Of oy U _puaily ol Jilall LA
C. A systolic murmur was present down the left border i IS sl ol akis B
of the sternum. )
D. The heart was considerably enlarged to the left. ool (el B e i ] aslil s a5 .C
E. Pulmonary stenosis impairs the pulmonary circula- 8 el gl S s I8 D
tion so that a right-to-left shunt occurs and the arterial ) ’"J "'Jh - = "Lp’"{ '_‘ N
blood is poorly oxygenated. Al pr Wy E s LA 5 O gl (s 5 ) Geadl Gns (K
F. The presence of a large ventricular septal defect. ol ol 2 ST ol y il
. e ' { Bl
G. The aortic opening into the heart was common to

both ventricles.
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Answers to Clinical Problems
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. E. The left recurrent laryngeal nerve ascends to the neck
by passing under the arch of the aorta; it ascends in the
groove between the trachea and the esophagus.

2. B. The trachea is a mobile, fibroelastic tube that can be
kinked or compressed despite the presence of the carti-
laginous rings.

3. D.Lung tissue and the visceral pleura are not innervated

with pain fibers. The costal parietal pleura is innervated

by the intercostal nerves, which have pain endings in
the pleura.

4. C. The right principal (main) bronchus is the more ver-
tical and wider of the two principal bronchi and for this
reason an inhaled foreign body passes down the tra-
chea and tends to enter the right main bronchus, where
it was lodged in this patient.

5. B. The parietal pleura in the midclavicular line only ex-
tends down as far as the eighth rib.

6. D. The afferent pain fibers from the heart enter the
spinal cord via the posterior nerve roots of the upper
four thoracic spinal nerves.

7. B.

8. B. The knife had pierced the anterior wall of the right
ventricle.

9. C. The left lung collapsed immediately when air entered

the left pleural cavity because the air pressures within

the bronchial tree and in the pleural cavity were then
equal.

B. The lymphatic vessels draining the esophagus ac-

company the left gastric blood vessels through the

esophageal opening in the diaphragm to reach the
celiac nodes.

11. B. The esophageal veins of the azygos system of veins
anastomose with the esophageal veins of the left gastric
vein.

. D. Because of the pulmonary stenosis and the ventricu-
lar septal defect, right ventricular hypertrophy is causing
the heart to enlarge to the right.

10.
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National Board Type Questions

Select the best response. Y =S fhr el
1. The following statements concerning the trachea are o s ol .1
true except: i e L )1 ‘J"? ‘-’L ’
A. It lies anterior to the esophagus in the superior me- el Gl 3 g A gLl e N as s A

diastinum. i ytall & adll (g gmn o= sl Jn by Geedl Gl 3B
B. In deep inspiration the carina may descend as far ol
as the level of the sixth thoracic vertebra. " :
C. The left principal bronchus is wider than the right e s N aaidll a o el gl ans S aadll .C
principal bronchus. 5 il g L o 41 s B
D. The arch of the aorta lies on its anterior and left et Hette® ailihper® 400
sides in the superior mediastinum. Syl
E. The sensory innervation of the mucous membrane €30 o e el ssbl.s-.].l slzall L;..le el 3220 K
lining the trachea is derived from branches of the I T e i
vagi, and the recurrent laryngeal nerves. ot o = St b al's
2. The following statements concerning the root of the " o im— B
tlae La | | A clylall L2
right lung are true except: e 4-1.'-=ua U“‘d d':"" -y 40l ol
A. The right phrenic nerve passes anterior to the lung M e plil oY) @l el 2 A
root. 0 50k 2 B 35 ) i B
B. The azygos vein arches over the superior margin of o G T Al S G e
the lung root. ) et ) Gl e s ) 0 g .C
C. Theright pulmonary artery lies posterior to the prin- B e (el ‘_-,rﬁ'l ) el <. D
cipal bronchus. el e 1 BN A el ‘__st.l) %;Jgjl s E
D. The right vagus nerve passes posterior to the lung '
L, Hae Lo Rmssean el 3511 oo Attt cifyluall .3
E. The vesselsand nerves forming the lung root are en- = = g J] d"i s :_'_J )
closed by a cuff of pleura. Jly Bl i Sl LA
3. The following statements concerning the right lung are Ay I Rl Y il 3y53 2 B
true except: ST TR | ICPGS Y07 | 1) PV PR | O | L | - D P |
A. It possesses a horizontal and an oblique fissure. et B et g A asa Ja -C
B. lts covering of visceral pleura is sensitive to pain Adaall y Amfal )
and temperature. B ) Ak asall H-’L“-"S”J 1,‘—;&‘ TP AT ,.D

C. The lymph from the substance of the lung reaches

the hilum by the superficial and deep lymphatic i) ol A Y el

plexuses. 23 Ll y 5 all 33441 o) it 555531 7 E

D. The pulmonary ligament permits the vessels and
nerves of the lung root to move during the move- Szl ‘:,aLn‘)?I ol 55 W 30 il e T4
ments of respiration. -{:‘-S"" okl A

E. The bronchial veins drain into the azygos and gl 34
hemiazygos veins. AN Y. B

4. Which of the following structures does not form the ._,.d_SH ok .C

anterior surface of the heart? Y4 D

A. Right ventricle En

B. Right atrium s 1Y E

C. Left ventricle

S T A Ll e 6T posal) Aualed! Al dseladd) 3ypuall 2.5

- E. Right auricle Sedall Jlat g yeudl bl <55 Y
5. In a posteroanterior radiograph of the thorax, which of e VLA
the following structures does not form the left margin o
of the heart shadow? )ik B
A. Left auricle Y 8 .C
B. Pulmonary trunk
C. Arch of agrta Y e D
D. Left ventricle NEF NG PO RPN
E. Superior vena cava
6. All of the following statements concerning the esoph- e Le Bompman (L) Sy 3 @l Ladl 6
agus are correct except: e ‘L | T .
As It receives an arterial blood supply from both the kel e Aol AR g Al A
descending thoracic aorta and the left gastric 'J""'iR‘”
artery.
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B. It is constricted by the presence of the left principal
bronchus.

C. It crosses from right to left posterior to the de-
scending aorta.

D. It pierces the diaphragm with the. left vagus on its
anterior surface and the right vagus on its posterior
surface.

E. It joins the stomach about 16 inches (41 c¢m) from
the incisor teeth.

. All of the following statements concerning the medi-

astinum are correct except:

A. The mediastinum forms a partition between the
two pleural cavities.

B. The mediastinal pleura demarcates the lateral
boundaries of the mediastinum.

C. The heart occupies the middle mediastinum.

D. Should air enter the left pleural cavity, the struc-
tures forming the mediastinum are deflected to the
right.

E. The anterior boundary of the mediastinum extends
to a lower level than the posterior boundary.

. All of the following statements regarding the conduct-

ing system of the heart are true except:

A. The impulse for cardiac contraction spontaneously
begins in the sinoatrial node.

B. The atrioventricular bundle is the sole pathway for
conduction of the waves of contraction between
the atria and the ventricles.

C. The sinoatrial node is frequently supplied by the
right and left coronary arteries,

D. The sympathetic nerves to the heart slow the rate of
discharge from the sinoatrial node.

E. The atrioventricular bundle descends behind the
septal cusp of the tricuspid valve.

. All of the following statements regarding the mechan-

ics of inspiration are true except:

A. The diaphragm is the most important muscle of in-
spiration.

. The suprapleural membrane can be raised.

. The stemum moves anteriorly.

. The ribs are raised superiorly.

. The tone of the muscles of the anterior abdominal
wall is diminished.

mooOw

. Which of the following statements concerning the

lungs is correct?

A. There are no lymph nodes within the lungs.

B. The right lung is in direct contact with the arch of
the aorta and the descending thoracic aorta.

C. Inhaled foreign bodies most frequently enter the
right lung.

D. The structure of the lungs receives its blood supply
from the pulmonary arteries.

E. The costodiaphragmatic recesses are lined with vis-
ceral pleura.

. Which of the following statements concerning the

blood supply to the heart is incorrect?

A. The coronary arteries are branches of the ascend-
ing aorta.

B. The right coronary artery supplies both the right
atrium and the right ventricle.

C. The circumflex branch of the left coronary artery
descends in the anterior interventricular groove
and passes around the apex of the heart.

D. Arrhythmias (abnormal heart beats) can occur af-
ter occlusion of a coronary antery.

E. Coronary arteries can be classified as functional
end arteries.
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12. Which of the following statements concerning bron- =& 22395, uadll plazlly lain Less 2010 ailyliall (e g1 .12
chopulmonary segments is incorrect? ErENENP
A. The veins are intersegmental. Aunksd oy 2 5’.:_15" A

B. The segments are separated by connective tissue , ;
septa. .rL&Jl e_...:ll ot Ve gandl Lam e L'u)..a.u_tha.ﬂ .B

C. The arteries are intrasegmental. Audad Jtls b ol 41 .C

D. Each segment is supplied by a seconda o RN, sy
bronchus? = d o AU deady 83950 Aabsi J5°.D

E. Each pyramidshaped segment has its base point- A o i 2 JSKe ol 2k JS7 s4els 4ms B
ing toward the lung surface. Ol (sSan il 15 e 12 '?ﬂ:g.l_dt‘di 231 (s 3l

o198y (o ST B ot B3 e Al JS LS
Match the structures below with the regions of the heart. Each (Anall) LY 1.13

lettered region may be selected once or more than once.

cedaill das 83114
13. Coronary sinus (opening) “""‘"‘ -_)""‘]
14. Moderator band cdaguand] Akl .15
15. Anulus ovalis o(Legzna) glias¥! plaghiyll plasysll . 16
16. Right pulmonary veins (openings) L el
A. Left atrium Y YA
B. Right ventricle A (CAS N ;3
C. Right atrium .L-,C,S"- cr—'"g' C
D. Left ventricle -
E. Right auricle =Y ) D
o 1239 E

048 pa | ! ! Al g Gl
Answers to National Board Type Questions

E.13 B.9 E.5 C.l
B .14 C.10 C.6 @2
c.A1s a1l BT B.3
A .16 D..12 D.8 D .4

@ (Gl Cagand| (eI Juadd) —



,5)le_.,JWﬁ,,>dg‘c_‘».d\d,-ﬁ:_Q\_u.,_,_@)wq;.‘_xfcﬂg.;_akL}_Hu:_,l__..guﬂ,h.—luju.-o_,dlf_u:a;,35u,.péfflo);

TP I R I BT S PR P o SV (RO - BRI NP W e SR PO (PR P PRTIES TR BT I RO

At e S Al (S, s@@ku%uﬁw“;_ﬂld}bj (o B il aom il Geas e bl a5 31 3
AW

H;L_wa)hmqau1u)&_;1;uuﬁjl J Wldﬂf{,ﬂ@kﬁmewc@rfﬁw&,fdgojui kel Al M ey
.‘;;A_vl\lij'\-_jua.-JL':Ll

sz?}u)ut@ﬁrg‘,@buj AN > paall o B el Aok A AW A o 2 3 el (g ) el 3 B )
iy (padt plgl =) Y p S0 Y ey 3 a8 ) SV e (23S ey gl 6 e 481 0Ty L alall BL
2 3 Cinib | e e oy Oy Lol ol WS (3 3y 2Ll Sl =it57y il el bl 3 il i -gO;Leqi
i S ke el el el g (3 () ab gy Oy il oLl o a1 (g gl 4 Iy udt L e WL
boas ) ed ol Jad s I,UJ diay M iley 53308 48T Ny LRl o iy el GL) b b e gy liel Y sy
) ) ol o ) Gy G giae Lo 3 MR pebolall i JU r gadl bl 5908 o o CT oyl aboilly gelatll jamil) (asS
AL LSy ol e | in sl el gl 1 e 20 81 i Jzol J) 1 ptyy sl

o el (Sl y dinn ol 55 O (e 9oy ol W e ey il e ey DBy 3 et A WLl 3 AL (oS08 el el LT )
O ey e e el S e ) Ly Rkl ey a5 B ally B Y1 S e 2l 6,

ettt e SN il @



P

CHAPTER

The Back

35-year-old woman decided to help her neighbor move his car, which was

stuck in a snowdrift. After much pushing, the car would not move. It was

decided to make one last effort, and this time the back of the car was to be
lifted by its bumper. Suddenly the woman experienced a sharp, shooting pain in the
lower back. At the same time she felt a deep, sharp pain down the back of the right
leg. She tried to walk but her back felt “locked,” and any attempt to move intensified
the pain.

On being questioned by her physician, the patient pointed to the lower back as the
site of maximum pain and then ran her finger down the back of the thigh and the outer
side of her right leg.

On physical examination a decrease in the range of motion of the lumbosacral re-
gion of the spine was noted. When asked to walk, she was reluctant to put her weight
on the involved leg. The pain was made worse by sitting and coughing. Examination
of the muscles of the legs revealed weakness in extension of the right big toe and
slight weakness of the dorsiflexors of the foot. The muscle reflexes were normal in
both lower limbs. Slight sensory deficit was present over the anterior part of the right
leg and the dorsomedial aspect of the foot down to the big toe. Tension on the lumbar
sacral nerve roots was created when the patient was in the supine position. With the
pelvis stabilized, the right leg was slowly raised by the heel, with the knee extended.
The patient experienced severe pain down the leg below the knee. Radiographic and
computed tomographic (CT) examination revealed nothing abnormal. A magnetic res-
onance image (MRI) showed a herniated disc between the fourth and fifth lumbar ver-
tebrae, which indicated that the nucleus pulposus was probably pressing on the fifth
lumbar nerve root and would explain the symptoms and signs.

Low back pain is a common complaint in clinical practice and may be caused by a
wide spectrum of diseases. The anatomy of the region is complex, and many struc-
tures have the potential to cause pain. Only by having a sound knowledge of the
anatomy and the pathologic process involving the area can the physician identify the
cause and start treatment.
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CHAPTER OBJECTIVE

Back injuries range from a simple muscular or
ligamentous back strain to a catastrophic injury of the
spinal cord or cauda equina. Automobile accidents,
motorcycle accidents, gunshot wounds, and sports
injuries are just some of the common causes of back
injuries found in practice. Because of the anatomic
configuration of this region, unprotected movement of
the damaged vertebral column during initial medical
care at the site of the accident can result in
irreversible injury to the delicate spinal cord.

Back pain provides the practicing physician with a
challenge. The physician's task is to identify the likely
source of the pain and the pathologic process
causing it.

The purpose of this chapter is to review the basic
anatomy of the vertebral column and related soft ner-
vous tissue structures so that the physician will feel
reasonably confident to the appropriate treatment.

& BASIC ANATOMY
The back, which extends from the skull to the tip of the coc-
cyx, can be defined as the posterior surface of the trunk.
Superimposed on the upper part of the posterior surface of
the thorax are the scapulae and the muscles that connect
the scapulae to the trunk.

The Vertebral Column

The vertebral column is the central bony pillar of the body.
It supports the skull, pectoral girdle, upper limbs, and tho-
racic cage and, by way of the pelvic girdle, transmits body
weight to the lower limbs. Within its cavity lie the spinal
cord, the roots of the spinal nerves, and the covering
meninges, to which the vertebral column gives great pro-
tection.

COMPOSITION OF THE VERTEBRAL COLUMN

The vertebral column (Figs. 12-1 and 12-2) is composed of
33 vertebrae—7 cervical, 12 thoracie, 5 lumbar, 5 sacral
(fused to form the sacrum), and 4 coccygeal (the lower 3
are commonly fused). Because it is segmented and made
up of vertebrae, joints, and pads of fibrocartilage called in-
tervertebral discs, it is a flexible structure. The interver-
tebral discs form about one-fourth the length of the col-
umn,

GENERAL CHARACTERISTICS OF A VERTEBRA

Although vertebrae show regional differences, they all pos-
sess a common pattern (Fig. 12-2).

A typical vertebra consists of a rounded body anteri-
orly and a vertebral arch posteriorly. These enclose a
space called the vertebral foramen, through which run
the spinal cord and its coverings. The vertebral arch consists
of a pair of cylindrical pedicles, which form the sides of the
arch, and a pair of flattened laminae, which complete the
arch posteriorly.

The vertebral arch gives rise to seven processes: one
spinous, two transverse, and four articular (Fig. 12-2).

The spinous process, or spine, is directed posteriorly
from the junction of the two laminae. The transverse pro-
cesses are directed laterally from the junction of the laminae
and the pedicles. Both the spinous and transverse processes
serve as levers and receive attachments of muscles and lig-
aments.
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The articular processes are vertically arranged and
consist of two superior and two inferior processes. They
arise from the junction of the laminae and the pedicles, and
their articular surfaces are covered with hyaline cartilage.

The two superior articular processes of one vertebral
arch articulate with the two inferior articular processes of
the arch above, forming two synovial joints.

The pedicles ~re notched on their upper and lower bor-
ders, forming the superior and inferior vertebral
notches. On each side, the superior notch of one vertebra
and the inferior notch of an adjacent vertebra together form
an intervertebral foramen. These foramina, in an articu-
lated skeleton, serve to transmit the spinal nerves and blood
vessels. The anterior and posterior nerve roots of a spinal
nerve unite within these foramina with their coverings of
dura to form the segmental spinal nerves.
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Characteristics of a Typical Cervical Vertebra

A typical cervical vertebra has the following characteristics
(Fig. 12-3):

1. The transverse processes possess a foramen transver-
sarium for the passage of the vertebral artery and veins
(note that the vertebral artery passes through the trans-
verse processes C1-6 and not through C7).

. The spines are small and bifid.

. The body is small and broad from side to side.

. The vertebral foramen is large and triangular.

. The superior articular processes have facets that face
backward and upward; the inferior processes have facets
that face downward and forward.
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Characteristics of the Atypical Cervical Vertebrae

The first, second, and seventh cervical vertebrae are atypi-
cal.
The first cervical vertebra or atlas (Fig. 12-3)

. Does not possess a body.

. Does not have a spinous process.

. Has an anterior and posterior arch.

. Has a lateral mass on each side with articular surfaces on
its upper surface for articulation with the occipital
condyles (atlanto-occipital joints) and articular sur-
faces on its lower surface for articulation with the axis
(atlanto-axial joints).

The second cervical vertebra or axis (Fig. 12-3) has a
peglike odontoid process that projects from the superior
surface of the body (representing the body of the atlas that
has fused with the body of the axis).

The seventh cervical vertebra, or vertebra promi-
nens (Fig. 12-3), is so named because it has the longest
spinous process, and the process is not bifid. The transverse
process is large, but the foramen transversarium is small and
transmits the vertebral vein or veins.
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Characteristics of a Typical Thoracic Vertebra

A typical thoracic vertebra has the following characteristics
(Fig. 12-2):

. The body is medium sized and heart shaped.

. The vertebral foramen is small and circular.

. The spines are long and inclined downward.

. Costal facets are present on the sides of the bodies for ar-
ticulation with the heads of the ribs.

. Costal facets are present on the transverse processes for
articulation with the tubercles of the ribs (T11 and 12
have no facets on the transverse processes).

6. The superior articular processes bear facets that face

backward and laterally, whereas the facets on the inferior

articular processes face forward and medially. The infe-
rior articular processes of the twelfth vertebra face later-
ally, as do those of the lumbar vertebrae.
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Characteristics of a Typical Lumbar Vertebra

A typical lumbar vertebra has the following characteristics
(Fig. 12-2):

. The body is large and kidney shaped.

. The pedicles are strong and directed backward.

. The laminae are thick.

. The vertebral foramina are triangular.

. The transverse processes are long and slender.

. The spinous processes are short, flat, and quadrangular
and project backward.

7. The articular surfaces of the superior articular processes

face medially, and those of the inferior articular pro-

cesses face laterally.
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Note that the lumbar vertebrae have no facets for articu-
lation with ribs and no foramina in the transverse processes.
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SACRUM

The sacrum (Fig. 12-2) consists of five rudimentary verte-
brae fused together to form a wedge-shaped bone, which is
concave anteriorly. The upper border, or base, of the bone
articulates with the fifth lumbar vertebra. The narrow infe-
rior border articulates with the coccyx. Laterally, the sacrum
articulates with the two iliac bones to form the sacroiliac
joints (see Fig. 6-1). The anterior and upper margin‘of the
first sacral vertebra bulges forward as the posterior margin of
the pelvic inlet and is known as the sacral promontory.
The sacral promontory in the female is of considerable ob-
stetric importance and is used when measuring the size of
the pelvis.

The vertebral foramina are present and form the sacral
canal. The laminae of the fifth sacral vertebra, and some-
times those of the fourth also, fail to meet in the midline,
forming the sacral hiatus (see Fig. 6-5). The sacral canal
contains the anterior and posterior roots of the sacral and
coccygeal spinal nerves, the filum terminale, and fibrofatty
material. It also contains the lower part of the subarachnoid
space down as far as the lower border of the second sacral
vertebra.

The anterior and posterior surfaces of the sacrum each
have four foramina on each side for the passage of the ante-
rior and posterior rami of the upper four sacral nerves.

coccyx

The coccyx consists of four vertebrae fused together to form
a single, small triangular bone that articulates at its base
with the lower end of the sacrum (Fig. 12-2). The first coc-
cygeal vertebra is usually not fused, or is incompletely
fused, with the second vertebra.

Knowledge of the preceding basic anatomy of the verte-
bral column is important when interpreting radiographs and
when noting the precise sites of bony pathologic features
relative to soft-tissue injury.

IMPORTANT VARIATIONS IN THE VERTEBRAE

The number of cervical vertebrae is constant, but the sev-
enth cervical vertebra may possess a cervical rib. (See p.
102The thoracic vertebrae may be increased in number by
the addition of the first lumbar vertebra, which may have a
rib. The fifth lumbar vertebra may be incorporated into the
sacrum; this is usually incomplete and may be limited to
one side. The first sacral vertebra may remain partially or
completely separate from the sacrum and resemble a sixth
lumbar vertebra. A large extent of the posterior wall of the
sacral canal may be absent because the laminae and spines
fail to develop.

The coccyx, which usually consists of four fused verte-
brae, may have three or five vertebrae. The first coccygeal
vertebra may be separate. In this condition, the free vertebra
usually projects downward and anteriorly from the apex of
the sacrum.

JOINTS OF THE VERTEBRAL COLUMN

Atlanto-Occipital Joints

The atlanto-occipital joints are synovial joints that are
formed between the occipital condyles, which are found on
either side of the foramen magnum above and the facets on
the superior surfaces of the lateral masses of the atlas below
(Fig. 124).
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Atlanto-Axial Joints

The atlanto-axial joints are three synovial joints; one is be-
tween the odontoid process and the anterior arch of the at-
las, and the other two are between the lateral masses of the
bones (Fig. 124).

Ligaments

1. Apical ligament: This median-placed structure con-
nects the apex of the odontoid process to the anterior
margin of the foramen magnum.

2. Alar ligaments: These lie one on each side of the apical
ligament and connect the odontoid process to the me-
dial sides of the occipital condyles.

3. Cruciate ligament: This ligament consists of a trans-
verse part and a vertical part. The transverse part is at-
tached on each side to the inner aspect of the lateral
mass of the atlas and binds the odontoid process to the
anterior arch of the atlas. The vertical part runs from the
posterior surface of the body of the axis to the anterior
margin of the foramen magnum.

4. Membrana tectoria: This is an upward continuation of
the posterior longitudinal ligament. It is attached above
to the occipital bone just within the foramen magnum. It
covers the posterior surface of the odontoid process and
the apical, alar, and cruciate ligaments.

Movements

Extensive rotation of the atlas and thus of the head on the
axis.

Joints of the Vertebral Column Below the Axis

With the exception of the first two cervical vertebrae, the re-
mainder of the mobile vertebrae articulate with each other
by means of cartilaginous joints between their bodies and
by synovial joints between their articular processes (Fig.
12-5).

Joints Between Two Vertebral Bodies

The upper and lower surfaces of the bodies of adjacent ver-
tebrae are covered by thin plates of hyaline cartilage.
Sandwiched between the plates of hyaline cartilage is an in-
tervertebral disc of fibrocartilage (Fig. 12-5). The collagen
fibers of the disc strongly unite the bodies of the two verte-
brae.

In the lower cervical region, small synovial joints are pre-
sent at the sides of the intervertebral disc between the upper
and lower surfaces of the bodies of the vertebrae.

Intervertebral Discs

The intervertebral discs are responsible for one-fourth of the
length of the vertebral column (Fig. 12-5). They are thickest
in the cervical and lumbar regions, where the movements of
the vertebral column are greatest. They may be regarded as
semielastic discs, which lie between the rigid bodies of ad-
jacent vertebrae (Fig. 12-5). Their physical characteristics
permit them to serve as shock absorbers when the load on
the vertebral column is suddenly increased, as when one is
jumping from a height. Their elasticity allows the rigid verte-
brae to move one on the other. Unfortunately, their re-
silience is gradually lost with advancing age.

Each disc consists of a peripheral par, the anulus fibro-
sus, and a central part, the nucleus pulposus (Fig. 12-5).
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The anulus fibrosus is composed of fibrocartilage, 1n
which the collagen fibers are arranged in concentric layers
or sheets. The collagen bundles pass abliquely between ad-
jacent vertebral bodies, and their inclination is reversed in
alternate sheets. The more peripheral fibers are strongly at-
tached to the anterior and posterior longitudinal ligaments
of the vertebral column.

The nucleus pulposus in children and adolescents is an
ovoid mass of gelatinous material containing a large
amount of water, a small number of collagen fibers, and a
few cartilage cells. It is normally under pressure and situated
slightly nearer to the posterior than to the anterior margin of
the disc.

The upper and lower surfaces of the bodies of adjacent
vertebrae that abut onto the disc are covered with thin
plates of hyaline cartilage.

The semifluid nature of the nucleus pulposus allows it to
change shape and permits one vertebra to rock forward or
backward on another, as in flexion and extension of the ver-
tebral column.

A sudden increase in the compression load on the verte-
bral column causes the semifluid nucleus pulposus to be-
come flattened. The outward thrust of the nucleus is ac-
commodated by the resilience of the surrounding anulus
fibrosus. Sometimes, the outward thrust is too great for the
anulus fibrosus and it ruptures, allowing the nucleus pulpo-
sus to herniate and protrude into the vertebral canal, where
it may press on the spinal nerve roots, the spinal nerve, or
even the spinal cord. (See p237.)

With advancing age the water content of the nucleus pul-
posus diminishes and is replaced by fibrocartilage. The col-
lagen fibers of the anulus degenerate and, as a result, the
anulus cannot always contain the nucleus pulposus under
stress. In old age the discs are thin and less elastic, and it is
no longer possible to distinguish the nucleus from the anu-
lus.

No discs are found between the first two cervical verte-
brae or in the sacrum or coccyx.

Ligaments

The anterior and posterior longitudinal ligaments run
as continuous bands down the anterior and posterior sur-
faces of the vertebral column from the skull to the sacrum
(Figs. 12-5 and 12-24). The anterior ligament is wide and is
strongly attached to the front and sides of the vertebral bod-
ies and to the intervertebral discs. The posterior ligament is
weak and narrow and is attached to the posterior borders of
the discs. These ligaments hold the vertebrae firmly together
but at the same time permit a small amount of movement to
take place between them.

Joints Between Two Vertebral Arches

The joints between two vertebral arches consist of synovial
joints between the superior and inferior articular processes
of adjacent vertebrae (Fig. 12-5). The articular facets are
covered with hyaline cartilage, and the joints are sur-
rounded by a capsular ligament.

Ligaments

1. Supraspinous ligament (Fig. 12-5): This runs between
the tips of adjacent spines.

2. Interspinous ligament (Fig. 12-5): This connects adja-
cent spines.

3. Intertransverse ligaments: These run between adja-
cent transverse processes.

4. Ligamentum flavum (Fig. 12-5): This connects the lam-
inae of adjacent vertebrae.
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Figure 12-6 Diagram showing the innervation of vertebral joints. At any particular vertebral level,
the joints receive nerve fibers from two adjacent spinal nerves.
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In the cervical region the supraspinous and interspinous
ligaments are greatly thickened to form the strong ligamen-
tum nuchae. The latter extends from the spine of the sev-
enth cervical vertebra to the external occipital protuber-
ance of the skull, with its anterior border being strongly
attached to the cervical spines in between.

NERVE SUPPLY OF VERTEBRAL JOINTS

The joints between the vertebral bodies are innervated by
the small meningeal branches of each spinal nerve (Fig. 12-
6). The nerve arises from the spinal nerve as it exits from the
intervertebral foramen. It then reenters the vertebral canal
through the intervertebral foramen and supplies the
meninges, the ligaments, and the intervertebral discs. The
joints between the articular processes are innervated by
branches from the posterior rami of the spinal nerves (Fig.
12-6). Itshould be noted that the joints of any particular level
receive nerve fibers from two adjacent spinal nerves.

CURVES OF THE VERTEBRAL COLUMN

Curves in the Sagittal Plane

In the fetus the vertebral column has one continuous ante-
rior concavity. As development proceeds, the lumbosacral
angle appears. After birth, when the child becomes able to
raise his or her head and keep it poised on the vertebral col-
umn, the cervical part of the vertebral column becomes
concave posteriorly (Fig. 12-7). Toward the end of the first
year, when the child begins to stand upright, the lumbar part
of the vertebral column becomes concave posteriorly. The
development of these secondary curves is largely caused by
modification in the shape of the intervertebral discs.
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Figure12-7 A, B, C. Curves of the vertebral column at different ages. Note that in the adult {D), the
lower end of the spinal cord lies at the level of the lower border of the body of the first lumbar ver-
tebra (top arrow), and the subarachnoid space ends at the lower border of the body of the second

sacral vertebra (bottom arrow).
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Curves in the Coronal Plane

In late childhood it is common to find the development of
minor lateral curves in the thoracic region of the vertebral
column. This is normal and is usually caused by the pre-
dominant use of one of the upper limbs. For example, right-
handed persons will often have a slight right-sided thoracic
convexity. Slight compensatory curves are always present
above and below such a curvature.

MOVEMENTS OF THE VERTEBRAL COLUMN

As has been seen in the previous sections, the vertebral col-
umn consists of several separate vertebrae accurately posi-
tioned one on the other and separated by intervertebral
discs. The vertebrae are held in position relative to one an-
other by strong ligaments. that severely limit the degree of
movement possible between adjacent vertebrae. Neverthe-
less, the summation of all these movements gives the verte-
bral column as a whole a remarkable degree of mobility.

The following movements are possible: flexion, exten-
sion, lateral flexion, rotation, and circumduction.

Flexion is a forward movement, and extension is a back-
ward movement. Both are extensive in the cervical and lum-
bar regions but restricted in the thoracic region.

Lateral flexion is the bending of the body to one or the
other side. It is extensive in the cervical and lumbar regions
but restricted in the thoracic region.

Rotation is a twisting of the vertebral column. This is least
extensive in the lumbar region.

Circumduction is a combination of all these move-
ments.

The type and range of movements possible in each region
of the column largely depend on the thickness of the inter-
vertebral discs and the shape and direction of the articular
processes. In the thoracic region, the ribs, the costal carti-
lages, and the sternum severely restrict the range of move-
ment.

The atlanto-occipital joints permit extensive flexion and
extension of the head. The atlanto-axial joints allow a wide
range of rotation of the atlas and thus of the head on the axis.

The vertebral column is moved by numerous muscles,
many of which are attached directly to the vertebrae,
whereas others, such as the sternocleidomastoid and the ab-
dominal wall muscles, are attached to the skull or to the ribs
or fasciae.

In the cervical region, flexion is produced by the longus
cervicis, scalenus anterior, and sternocleidomastoid mus-
cles. Extension is produced by the postvertebral muscles (see
next column). Lateral flexion is produced by the scalenus an-
terior and medius and the trapezius and sternocleidomastoid
muscles. Rotation is produced by the sternocleidomastoid
on one side and the splenius on the other side.

In the thoracic region, rotation is produced by the
semispinalis and rotatores muscles, assisted by the oblique
muscles of the anterolateral abdominal wall.

In the lumbar region, flexion is produced by the rectus
abdominis and the psoas muscles. Extension is produced by
the postvertebral muscles. Lateral flexion is produced by the
postvertebral muscles, the quadratus lumborum, and the
oblique muscles of the anterolateral abdominal wall. The
psoas may also play a part in this movement. Rotation is pro-
duced by the rotatores muscles and the oblique muscles of
the anterolateral abdominal wall.

AN gt | 2 OleLisat I

DY [ 5 1 S ey g ad of el
[,_,,5.,“5),, ey L5 aall 5 gandl e 4y el AUl (3 (6 he Al
S_tad gl o el 4o Gy WL pliszal e dsle
Ll by Ui 816 (A O sbesies (3 oYl lze

s Jta cfy 3 sk 2o ylee el Lis dor g7y gl g (3
.f,u-‘)'\
2§ aal| dgeal! SIS, ¢

ot hackall n (5 AR 3 pandl Cally L Pl 3 Gl LS
Liany 8 @ gaain g (6,201 G b 6l g Bouky dmo yibl 3 iloisl] o L2l
Y11 [ VU PRSPPI B+ JERC PRS-+ P i ) (PR |
L-,__,:_;i.hz_a’yaw;sm.a,z&h@,smj&..lﬁL;f-_%u
spadll LS Hoda JS ¢ past oy (2l3 may 3 land) ol 24
A5 e i gle B 3 IS (gl

133 oy Ol g gllor 5 ey 13S0 A S
(3 Man)

t_mf, A 3 o e ety Lrwa};‘zsf,,@m
U (3 (O de) Olsas LS gkl y 1.3 ) oWl (3 Olenly
LA el

ol 3 oy pay ol A e L) e G )
Gyplall Al (3 sae 4 il 3,5

U 3 Lt 5 my ol 5 pandl (el ydly JUuiit gn Oy gt
Lagkall

oS A odn 57 ezl on (BN & 11 387 2

b il 2 ganll r 2U S 3 Sl ST ey dad ey
CH g PR AP U T I+ [ L PR LR
oy bl iyl y ¢ MW e JST Aty AU
A e iy

LSyl y Jasy ot RN Al oo\ s
0y p> JUAly 2igill OV ) aoly Jlons &y 821 gl Jopldll s
oA e A

il 55 e 5Ty candl pr agaally (g Al 5 gandl 8
o aey gzl alaal e 2V el S5 L o il s
B e e e demdd Lo i s

Lol 2aall A bl dhaall davl y o) Sast ded J AU
it ol ahd y bl Sty i)zl Alaally 2all) ey
Yy Al A Y Al dauly Bag U Lol
oy Ol Sty ) Alaally B el s dadly Jav )
(W Ak e el Alaall y g e 2 22 Aliaall

el 18y whlaall o 01l Goag il il @
(S ALY ke WU o ad saslasy 8 ):,.m y

adly bt i dl dlaal a8l Gus dekdl LW G
Il o 2y ol Gl caa deu) y bl Gug Lachall
A aally oy Mkl alaally ol 2l el Slaall dbul U
ol (3 1) g0 i) alianl ol Ly U LY ol sl
S A Sty 6 ) il Maal Al y O, gl ug 3SR
(U L i

@

ol e ) feadd) ——



Muscles of the Back

The muscles of the back can be divided into three main
groups: (1) the superficial muscles associated with the
shoulder girdle, (2) the intermediate muscles involved with
respiration, and (3) the deep muscles belonging to the ver-
tebral column.

SUPERFICIAL MUSCLES

These muscles belong to the upper limb and are the trapez-
ius, latissimus dorsi, levator scapulae, and rhomboid minor
and major. They are described in Chapter 9.

INTERMEDIATE MUSCLES

These muscles are associated with respiration and are the
serratus posterior superior, serratus posterior inferior, and le-
vatores costarum. They are described with the thorax in
Chapter 2.

DEEP MUSCLES OF THE BACK (POSTVERTEBRAL
MUSCLES)

In the standing position the line of gravity (Fig. 12-8) passes
through the odontoid process of the axis, behind the cen-
ters of the hip joints, and in front of the knee and ankle
joints. It follows that when the body is in this position, the
greater part of its weight falls in front of the vertebral col-
umn. It is therefore not surprising to find that the postverte-
bral muscles of the back are well developed in humans.
The postural tone of these muscles is the major factor re-
sponsible for the maintenance of the normal curves of the
vertebral column.

The deep muscles of the back form a broad, thick col-
umn of muscle tissue, which occupies the hollow on each
side of the spinous processes (Fig. 12-8). They extend from
the sacrum to the skull. It must be realized that this compli-
cated muscle mass is composed of many separate muscles
of varying length. Each individual muscle may be regarded
as a string, which, when pulled on, causes one or several
vertebrae to be extended or rotated on the vertebra below.
Because the origins and insertions of the different groups of
muscles overlap, entire regions of the vertebral column can
be made to move smoothly.

The spines and transverse processes of the vertebrae
serve as levers that facilitate the muscle actions. The mus-
cles of longest length lie superficially and run vertically from
the sacrum to the rib angles, the transverse processes, and
the upper vertebral spines (Fig. 12-8). The muscles of inter-
mediate length run obliquely from the transverse processes
to the spines. The shortest and deepest muscle fibers run be-
tween the spines and between the transverse processes of
adjacent vertebrae.

The deep muscles of the back may be classified as fol-
lows:

Superficial Vertically Running Muscles
......... iliocostalis
......... longissimus
......... spinalis
Intermediate Oblique Running Muscles

'. ........semispinalis

Erector spinae

......... multifidus
......... rotatores

Transversospinalis

Deepest Muscles
Interspinales
Intertransversarii
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Figure 12-8 A. Arrangement of the deep muscles of the back. B. Lateral view of the skeleton show-
ing the line of gravity. Because the greater part of the body weight lies anterior to the vertebral
column, the deep muscles of the back are important in maintaining the normal postural curves of

the vertebral column in the standing position.
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Knowledge of the detailed attachments of the various
muscles of the back has no practical value to a medical stu-
dent, and the attachments are therefore omitted in this text.

SPLENIUS

The splenius is a detached part of the deep muscles of the
back. It consists of two parts. The splenius capitis arises
from the lower part of the ligamentum nuchae and the up-
per four thoracic spines and is inserted into the superior
nuchal line of the occipital bone and the mastoid process of
the temporal bone.

The splenius cervicis has a similar origin but is inserted
into the transverse processes of the upper cervical verte-
brae.

e Nerve supply: All the deep muscles of the back are in-
nervated by the posterior rami of the spinal nerves.
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Deep Fascia of the Back (Thoracolumbar
Fascia)

The lumbar part of the deep fascia is situated in the interval
between the iliac crest and the twelfth rib. It forms a strong
aponeurosis and laterally gives origin to the middle fibers of
the transversus and the upper fibers of the internal oblique
muscles of the abdominal wall. (Se chap 4 )

Medially, the lumbar part of the deep fascia splits into
three lamellae. The posterior lamella covers the deep mus-
cles of the back and is attached to the lumbar spines. The
middle lamella passes medially, to be attached to the tips of
the transverse processes of the lumbar vertebrae; it lies in
front of the deep muscles of the back and behind the
quadratus lumborum. The anterior lamella passes medially
and is attached to the anterior surface of the transverse pro-
cesses of the lumbar vertebrae; it lies in front of the quadra-
tus lumborum muscle.

In the thoracic region, the deep fascia is attached medi-
ally to the vertebral spines and laterally to the angles of the
ribs. It covers the posterior surface of the deep muscles of
the back.

In the cervical region, the deep fascia is much thinner
and of no special importance.

Blood Supply of the Back

ARTERIES

The following arteries supply the structures of the back.

In the cervical region, branches arise from the occipi-
tal artery, a branch of the external carotid; from the vertebral
artery, a branch of the subclavian; from the deep cervical
artery, a branch of the costocervical trunk, a branch of the
subclavian artery; and from the ascending cervical artery, a
branch of the inferior thyroid artery.

In the thoracic region branches arise from the poste-
rior intercostal arteries, and in the lumbar region
branches arise from the subcostal and lumbar arteries. In
the sacral region branches arise from the iliolumbar and
lateral sacral arteries, branches of the internal iliac artery.

VEINS

The veins draining the structures of the back form compli-
cated plexuses extending along the vertebral column from
the skull to the coccyx. The veins can be divided into (a)
those that lie external to the vertebral column and surround
it and form the external vertebral venous plexus and (b)
those that lie within the vertebral canal and form the inter-
nal vertebral venous plexus (Fig. 12-9). These plexuses
freely communicate with the veins in the neck, thorax, ab-
domen, and pelvis. Above they communicate through the
foramen magnum with the occipital and basilar venous si-
nuses within the cranial cavity. The internal vertebral
plexus lies within the vertebral canal but outside the dura
mater of the spinal cord. It is embedded in areolar tissue
and receives tributaries from the vertebrae by way of the
basivertebral veins (Fig. 12-9) and from the meninges
and spinal cord. The internal plexus is drained by the in-
tervertebral veins, which pass outward with the spinal
nerves through the intervertebral foramina. Here, they are
joined by tributaries from the external vertebral plexus and
in turn drain into the vertebral, intercostal, lumbar, and lat-
eral sacral veins.

—— selal s pde GBI Juadll

: (Aaidadd A yduat! ﬁﬁm)_){ﬂlm‘ dalal e
A G G Jeolill 3 Aaaal) BN e el ¢ A s g
u\_J\jlt_.:..;{__...:b- &g;gjdbdﬂ.ﬁg, e g Al
Jlad b U Al eiaal) 2 el Uy de jandl alaal 2law i

(4 Jedh 4 jla:‘.l) oAl

e S 1) Al B e ol o a (Ll
Al e STy el el S 2l il i
(g (63 e STl y il Ao ) 2tisal) F el
Lieal g bl ?Mfufcbﬁgaj bl o aill i azdl
o S5y Ll Bl il 2 il B L Alaall il
Lt pul w5y adll ot Al 20 el gt l) L) el
Al ae U

Ay il o8 i e Ll el B S5 5 ey jaall U 3
A e W e ) sy g RV Ly e Loy
sl

ol apl e ¥y 6 f Al BLLI 0 S5 (i ) W g

Akl dagedd] A3 gl e

il ) @

Pl e A ol 2 g5

Ol g 5 gay JEN OG0 e Las g g5 dd AW
oy i A e QL sl g ey o A Ll ey alall gLl
Ol 2l g (B aliall § I e 3 ay Geadll (G OL 2D
sl G, 0Ll b gy sl (G0

Gy il ) I ol e Las g b gyl B g
LUt @ sy aakiall o gl 2l o Las g 3 il )
2 et el y k@ 2 A )5 o Ui g3 gl
U (i O e g8

:339%1 ¢
spanll J5b Jo 0t sdiae flise gl o 70 N 62 s W JSs
) W qay B85, )W e S0y L pamanll B demadl e g Al
dpdaall S ada by o mill s gead) ) ey Lol RS
JSaad a ad Bl s ans N (by UL 8 el A Al gy g
o peial) Gils Jeaz (9-12 JSadly AUl & yadl Bl ) g B piall
e 3y oAy adly aally sl 6l e Jizs (S5
Gyl el daelally s li_gjjllq)}|cntgﬁﬁ!ifiﬂ\ﬁ;l},aj
#  S aadl SE ae a y Jaid) 6 pia) p hondl
e Ay Al y IO g 3 e gy (5 Jonl) 23U
Wloedl oy (9-12 JSCadly Aot 2,2l 82581 5, b oo ot il
i O A g 83550V 3 b kel s S
b ol climy ol il oy oyl e 3850 sl o Lol
A 83 )y s AT ey U % A E i) e iy

() Bt I 2 pally el 2,




The external and internal vertebral plexuses form a
capacious venous network whose walls are thin and
whose channels have incompetent valves or are valve-
less. Free venous blood flow may therefore take place be-
tween the skull, the neck, the thorax, the abdomen, the
pelvis, and the vertebral plexuses, with the direction of
flow depending on the pressure differences that exist at
any given time between the regions. This fact is of consid-
erable clinical significance. (See the section on prostatic
cancer, p237 )-

Lymph Drainage of the Back

The deep lymph vessels follow the veins and drain into the
deep cervical, posterior mediastinal, lateral aortic, and
sacral nodes. The lymph vessels from the skin of the neck
drain into the cervical nodes; those from the trunk above the
iliac crests drain into the axillary nodes; and those from be-
low the level of the iliac crests drain into the superficial in-
guinal nodes. (Seechap 4)

Nerve Supply of the Back

The skin and muscles of the back are supplied in a seg-
mental manner by the posterior rami of the 31 pairs
of spinal nerves. The posterior rami of the first, sixth,
seventh, and eighth cervical nerves and the fourth and
fifth lumbar nerves supply the deep muscles of the back
and do not supply the skin. The posterior ramus of the
second cervical nerve (the greater occipital nerve) as-
cends over the back of the head and supplies the skin of
the scalp.

The posterior rami run downward and laterally and sup-
ply a band of skin at a lower level than the intervertebral
foramen from which they emerge. Considerable overlap of
skin areas supplied occurs so that section of a single nerve
causes diminished, but not total, loss of sensation. Each pos-
terior ramus divides into a medial and a lateral branch. For
dermatomes of the back, see Figure 1-35.

Spinal Cord

The spinal cord is a eylindrical, grayish-white structure that
begins above at the foramen magnum, where it is continu-
ous with the medulla oblongata of the brain. It terminates
below in the adult at the level of the lower border of the first
lumbar vertebra (Fig. 12-7). In the young child it is relatively
longer and ends at the upper border of the third lumbar ver-
tebra. The spinal cord in the cervical region, where it gives
origin to the brachial plexus, and in the lower thoracic and
lumbar regions, where it gives origin to the lumbosacral
plexus, has fusiform enlargements called cervical and lum-
bar enlargements.

Inferiorly, the spinal cord tapers off into the conus
medullaris, from the apex of which a prolongation of the
pia mater, the filum terminale, descends to be attached to
the back of the coceyx (Figs. 127 and 12-10). The cord pos-
sesses in the midline anteriorly a deep longitudinal fissure,
the anterior median fissure, and on the posterior surface
a shallow furrow. the posterior median sulcus.
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The spinal nerve roots pass laterally from each spinal
cord segment to the level of their respective intervertebral
foramina, where they unite to form a spinal nerve. Here the
motor and sensory fibers become mixed so that a spinal
nerve is made up of a mixture of motor and sensory fibers.
Because of the disproportionate growth in length of the ver-
tebral column during development, compared with that of
the spinal cord, the length of the roots increases progres-
sively from above downward (Fig. 12-11). In the upper cer-
vical region the spinal nerve roots are short and run almost
horizontally, but the roots of the lumbar and sacral nerves
below the level of the termination of the cord (lower border
of the first lumbar vertebra in the adult) form a vertical leash
of nerves around the filum terminale. The lower nerve roots
together are called the cauda equina (Fig. 12-10).
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After emergence from the intervertebral foramen, each
spinal nerve immediately divides into a large anterior ra-
mus and a smaller posterior ramus, which contain both
motor and sensory fibers.

BLOOD SUPPLY OF THE SPINAL CORD

The spinal cord receives its arterial supply from three small,
longitudinally running arteries—the two posterior spinal ar-
teries and one anterior spinal artery. The posterior
spinal arteries, which arise either directly or indirectly
from the vertebral arteries, run down the side of the spinal
cord, close to the attachments of the posterior spinal nerve
roots. The anterior spinal arteries, which arise from the
vertebral arteries, unite to form a single artery, which runs
down within the anterior median fissure.

The posterior and anterior spinal arteries are reinforced
by radicular arteries, which enter the vertebral canal
through the intervertebral foramina.

The veins of the spinal cord drain into the internal verte-
bral venous plexus.

MENINGES OF THE SPINAL CORD

The spinal cord, like the brain, is surrounded by three
meninges: the dura mater, the arachnoid mater, and the pia
mater (Fig. 12-10).

Dura Mater

The dura mater is the most external membrane and is a
dense, strong, fibrous sheet that encloses the spinal cord
and cauda equina (Figs. 1219 and 12-10). It is continuous
above through the foramen magnum with the meningeal
layer of dura covering the brain. Inferiorly, it ends on the
filum terminale at the level of the lower border of the sec-
ond sacral vertebra (Fig. 12-7). The dural sheath lies loosely
in the vertebral canal and is separated from the walls of the
canal by the extradural space (epidural space). This con-
tains loose areolar tissue and the internal vertebral venous
plexus. The dura mater extends along each nerve root and
becomes continuous with connective tissue surrounding
each spinal nerve (epineurium) at the intervertebral fora-
men. The inner surface of the dura mater is separated from
the arachnoid mater by the potential subdural space.

Arachnoid Mater

The arachnoid mater is a delicate impermeable membrane
covering the spinal cord and lying between the pia mater in-
ternally and the dura mater externally (Figs. 12-8 and 12-10).
It is separated from the dura by the subdural space that con-
tains a thin film of tissue fluid. The arachnoid is separated
from the pia mater by a wide space, the subarachnoid
space, which is filled with cerebrospinal fluid (Fig. 12-10).
The arachneid is continuous above through the foramen
magnum with the arachnoid covering the brain. Inferiorly, it
ends on the filum terminale at the level of the lower border
of the second sacral vertebra (Fig. 12-7). Between the levels
of the conus medullaris and the lower end of the subarach-
noid space lie the nerve roots of the cauda equina bathed in
cerebrospinal fluid (Fig. 12-10). The arachnoid mater is con-

tinued along the spinal nerve roots, forming small lateral ex-

tensions of the subarachnoid space.
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Pia Mater

The pia mater is a vascular membrane that closely covers
the spinal cord (Figs. 129 and 12-10). It is continuous above
through the foramen magnum with the pia covering the
brain; below it fuses with the filum terminale. The pia mater
is thickened on either side between the nerve roots to form
the ligamentum denticulatum, which passes laterally to
be attached to the dura. It is by this means that the spinal
cord is suspended in the middle of the dural sheath. The pia
mater extends along each nerve root and becomes cantinu-
ous with the connective tissue surrounding each spinal
nerve (Fig. 12-10).

CEREBROSPINAL FLUID

The cerebrospinal fluid is a clear, colorless fluid formed
mainly by the choroid plexuses, within the lateral, third,
and fourth ventricles of the brain. The fluid circulates
through the ventricular system and enters the subarachnoid
space through the three foramina in the roof of the fourth
ventricle. (Seechapll) It circulates both upward over the
surface of the cerebral hemispheres and downward around
the spinal cord. The spinal part of the subarachnoid space
extends down as far as the lower border of the second sacral
vertebra, where the arachnoid fuses with the filum terminale
(Fig. 12-7). Eventually, the fluid enters the bloodstream by
passing through the arachnoid villi into the dural venous
sinuses, in particular the superior sagittal venous sinus.

In addition to removing waste products associated with
neuronal activity, the cerebrospinal fluid provides a fluid
medium that surrounds the spinal cord. This fluid, together
with the bony and ligamentous walls of the vertebral canal,
effectively protects the spinal cord from trauma.

& RADIOGRAPHIC ANATOMY

Radiographic Appearances of the
Vertebral Column

CERVICAL REGION

The views commonly used are (7) the anteroposterior and
(2) the lateral.

The anteroposterior view is taken with the patientin the
supine position. The film cassette is placed behind the head
and the neck, and the x-ray tube is centered over the front of
the thyroid cartilage. The atlanto-axial articulation may be
demonstrated by asking the patient to keep the mandible in
motion while the film is being exposed or by directing the x-
ray tube through the open mouth (Fig. 12-12). By using the
latter method, the entire length of the odontoid process can
be visualized lying between the lateral masses of the atlas.

Below the level of the third cervical vertebra, the bodies
of the vertebrae are well shown and the spines are clearly
seen (Fig. 12-13). The laminae can be identified. The trans-
verse processes, the foramina transversaria, and the articu-
lar processes overlap one another and are difficult to distin-
guish separately. The lumen of the trachea can be seen as a
tubular transradiancy that narrows at the upper end, where
it becomes continuous with the cavity of the larynx.

The lateral view is taken with the patient sitting up and
the shoulders dropped so that the seventh cervical vertebra
can be demonstrated. The film cassette is placed at the side
of the neck in the parasagittal plane. The x-ray tube is di-
rected at the side of the neck at right angles to the long axis
of the vertebral column and the film.
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Figure 12-12 Anteroposterior radiograph of the upper cervical region of the vertebral column with
the patient’'s mouth open to show the odontoid process of the axis.
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The atlanto-occipital joint is difficult to make out. The an-»
terior and posterior arches of the atlas are well shown (Fig.
12-14), and the body of the axis is easily identified. The
odontoid process of the axis extends upward, close to the
posterior margin of the anterior arch of the atlas. The articu-
lar processes are well shown, and the spinous processes can
be clearly seen. The transverse processes are difficuit to
make out because they are superimposed on the vertehral
bodies. The intervertebral disc spaces between the bodies
of adjacent vertebrae are easily defined and are of equal
height.

The anterior and posterior surfaces of the vertebral bod-
ies and the posterior wall of the vertebral canal form smooth
curved lines that are roughly parallel (Fig. 12-14).
THORACIC REGION
The views commonly used are (7} the anteroposterior and
(2) the lateral.

The anteroposterior view is taken with the patient in
the supine position. The film cassette is placed behind the
thorax, and the x-ray tube is centered over the front of the
sternum,

Because of the curvature of the thoracic part of the ver-
tebral colummn, the upper and lower margins of the bodies of
adjacent vertebrae overlap. The spinous processes and lam-
inae are superimposed on the bodies (Fig. 12-15). The trans-
verse processes can be identified, but they are obscured by
the heads and necks of the ribs. Note that the first rib and the
tenth, eleventh, and twelfth ribs on each side articulate only
with the bodies of the first, tenth, eleventh, and twelfth tho-
racic vertebrae, respectively; all the other ribs articulate
with two vertebrae.
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Figure 12-13  Anteroposterior radiograph of the cervical region of the vertebral column.
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The pedicles are clearly seen as ovoid structures that are
superimposed on the lateral parts of the bodies.

The transradiant trachea and the heart shadow are su-
perimposed on the thoracic vertebrae.

The lateral view is taken with the patient lying on the
side, with the arms stretched above the head. [f it is desir-
able to demonstrate the postural curves, the patient assumes
the standing position. The film cassette is placed against the
side of the thorax, and the x-ray tube is directed laterally
through the vertebral column at right angles to the film.

The rectangular vertebral bodies and the intervertebral
disc spaces are clearly seen, even though the ribs and lungs
are superimposed on them. The upper four vertebrae are ob-
scured by the shadows of the shoulder girdle.

The pedicles and intervertebral foramina are well
demonstrated. However, the spinous processes, the lami-
nae, the transverse processes, and the ribs are superim-
posed on one another, and their detail is obscured. The ver-
tebral canal is well shown.
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LUMBOSACRAL REGION

The views commonly used are (
(2) the lateral.

The anteroposterior view is taken with the patient in
the supine position. The film cassette is placed behind the
lumbar region and buttocks, and the x-ray tube is centered
over the umbilicus. To diminish the distortion produced by
the lumbar curvature, the patient can be asked to flex the
knees and hips, which may straighten the lumbar curvature
to some extent.

The bodies, transverse processes, Spinous processes,
laminae, and intervertebral disc spaces are clearly seen
(Fig. 12-16). The pedicles produce ovoid shadows, and the
articular processes and posterior intervertebral joints can be
delineated.

Because of the obliquity of the sacroiliac joint, it is visu-
alized as two lines, the lateral one corresponding to the an-
terior margin and the medial one to the posterior margin
(Fig. 12-16). The lower segments of the sacrum and the coc-
cyx are tilted posteriorly and are usually overlapped by the
symphysis pubis. In addition, the presence of gas and fecal
material in the rectum and sigmoid colon commonly ob
scures the sacrum. To demonstrate the sacrum in a more di
rect anteroposterior view, the x-ray tube may be tilted
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Figure 12-15 Anteroposterior radiograph of the tharacic region of the the vertebral column.
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Figure 12-16 Anteroposterior radiograph of the lower thoracic, lumbar, and sacral regions of the

vertebral column.
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The sacrum on lateral view shows the promontory, the
sacral canal, and the fused sacral bodies and spinous pro-
cesses (Fig. 12-17). Note the localized anterior angulation
between the body of the fifth lumbar vertebra and the first
sacral vertebra.

COCCYX

The coccyx is not well shown on routine anteroposterior
and lateral radiographs because of its oblique position rela-
tive to the film and the presence of gas and feces in the rec-
tum and sigmoid colon. These difficulties may be partially
overcome by tilting the x-ray tube and evacuating the con-
tents of the rectum and sigmoid colon.

SPINAL SUBARACHNOID SPACE

The subarachnoid space can be studied radiographically
by the injection of contrast media into the subarachnoid
space by lumbar puncture. lodized oil has been used with
success. This technique is referred to as myelography
(Figs. 12-18 and 12-19)

If the patient is sitting in the upright position, the oil sinks
to the lower limit of the subarachnoid space at the level of
the lower border of the second sacral vertebra. By placing
the patient on a tilting table, the oil can be made to gravitate
gradually to higher levels of the vertebral column.
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Figure 12-18 Posteroanterior

myelogram of the lumbar region.
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COMPUTED TOMOGRAPHY AND MAGNETIC
RESONANCE IMAGING

These techniques are now extensively used to act lesions
of the vertebral column, especially those involving the soft
tissues. CT scans can concentrate on the intervertebral
spaces and reveal the intervertebral disc in transverse slices
(Figs. 12-20 and 12-21). The disc has a higher density than
the cerebrospinal fluid in the subarachnoid space and the
surrounding fat. Fragments of a herniated disc can be iden
tified beyond the boundaries of the anulus fibrosus.

MRI easily defines the intervertebral disc on sagittal sec-
tion and shows its relationship to the vertebral body and the
posterior longitudinal ligament ( 12-22). The herniated
fragment of the disc and its relationship to the dural sac can
easily be demonstrated. The use of MRI is now largely re-
placing myelography or CT in this region.
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Midline Structures

In the midline the following structures can be palpated from
above downward.

EXTERNAL OCCIPITAL PROTUBERANCE

This lies at the junction of the head and neck (Fig. 12-1). If
the index finger is placed on the skin in the midline, it can
be drawn downward from the protuberance in the nuchal
groove,

CERVICAL VERTEBRAE

The most prominent spinous process that can be felt in the
neck (Fig. 12-23) is that of the seventh cervical vertebra
(vertebra prominens). Cervical spines 1-6 are covered by
the ligamentum nuchae, a large ligament that runs down
the back of the neck connecting the skull to the spinous pro-
cesses of the cervical vertebrae.
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The transverse processes are short but easily palpable
from the lateral side in a thin neck. The anterior tubercle
of the sixth cervical transverse process (tubercle of
Chassaignac) can be palpated medial to the sternocleido-
mastoid muscle, and against it the common carotid artery
can be compressed.

THORACIC AND LUMBAR VERTEBRAE

The nuchal groove is continuous below with a furrow that
runs down the middle of the back over the tips of the spines
of all the thoracic and the upper four lumbar vertebrae
(Fig. 12-23). The most prominent spine is that of the first tho-
racic vertebra; the others may be easily recognized when
the trunk is bent forward.

SACRUM

The spines of the sacrum are fused with each other in the
midline to form the median sacral crest. The crest can be
felt beneath the skin in the uppermost part of the cleft be-
tween the buttocks.

The sacral hiatus is situated on the posterior aspect of
the lower end of the sacrum, and here the extradural space
(epidural space) terminates. The hiatus lies about 2 inches
(5 cm) above the tip of the coccyx and beneath the skin of
the groove between the buttocks.

COcCYX

The inferior surface and tip of the coccyx can be palpated
in the groove between the buttocks about 1 inch (2.5 cm)
behind the anus (Fig. 12-1). The anterior surface of the coc-
cyx can be palpated with a gloved finger in the anal canal.

Upper Lateral Part of the Thorax

The upper lateral part of the thorax is covered by the
scapula and its associated muscles. The scapula lies poste-
rior to the first to the seventh ribs (Figs. 12-1 and 12-23).

Scapula

The medial border of the scapula forms a prominent ridge,
which ends above at the superior angle and below at the in-
ferior angle (Fig. 12-23).

The superior angle can be palpated opposite the first
thoracic spine, and the inferior angle can be palpated op-
posite the seventh thoracic spine (Figs. 12-1 and 12-23).

The crest of the spine of the scapula can be palpated
and traced medially to the medial border of the scapula,
which it joins at the level of the third thoracic spine (Figs. 12-
1 and 12-23).

The acromion process of the scapula forms the lateral
extremity of the spine of the scapula. It is subcutaneous and
easily located.

Lower Lateral Part of the Back

The lower lateral part of the back is formed by the posterior
aspect of the upper part of the bony pelvis (false pelvis) and
its associated gliteal muscles.
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Iliac Crests

The iliac crests are easily palpable along their entire length
(Fig. 12-1). They lie at the level of the fourth lumbar spine
and are used as a landmark when performing a lumbar
puncture. Each crest ends in front at the anterior superior
iliac spine and behind at the posterior superior iliac
spine; the latter lies beneath a skin dimple at the level of the
second sacral vertebra and the middle of the sacroiliac
joint. The iliac tubercle is a prominence felt on the outer sur-
face of the iliac crest about 2 inches (5 cm) posterior to the
anterosuperior iliac spine. The iliac tubercle lies at the level
of the fifth lumbar spine.

Spinal Cord and Subarachnoid Space

The spinal cord in adults extends down to the level of the
lower border of the spine of the first lumbar vertebra (Fig.
12-7). In young children it may extend to the third lumbar
spine.

The subarachnoid space, with its cerebrospinal fluid,
extends down to the lower border of the second sacral ver-
tebra (Fig. 12-7), which lies at the level of the posterosupe-
rior iliac spine.

Symmetry of the Back

Observe the back as a whole and compare the two sides
with reference to an imaginary line passing downward from
the external occipital protuberance to the cleft between the
buttocks.

The posterior vertebral musculature, which mainly
controls the movements of the vertebral column and main-
tains the postural curves of the column, can be palpated.
The muscles are large and lie on either side of the spines of
the vertebrae (Figs. 12-1, 12-8, and 12-23). They should be ex-
amined with the flat of the hand. If they exhibit normal tone,
they are firm to the touch. A spastic muscle feels harder than
normal; it is also shorter than normal, which produces a
concavity of the vertebral column on the side of the muscu-
lar contraction.

The curves of the vertebral column can be examined
by inspecting the lateral contour of the back. Normally, the
posterior surface is concave in the cervical region, convex
in the thoracic region, and concave in the lumbar region
(Fig. 12-2). The anterior surface of the sacrum and coccyx
together have an anterior concavity. The lumbar region
meets the sacrum at a sharp angle, the lumbosacral angle,

Inspection of the posterior surface of the back, with par-
ticular reference to the vertical alignment of the vertebral
spines, reveals a slight lateral curvature in most normal per-
sons. Right-handed persons, especially those whose work
involves extreme and prolonged muscular effort, usually ex-
hibit a lateral thoracic curve to the right; lefthanded persons
usually exhibit a lateral thoracic curve to the left.
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& EXAMINATION OF THE BACK

It is important that the whole area of the back and legs be
examined and that the shoes be removed. Unequal length of
the legs or disease of the hip joints can lead to abnormal cur-
vatures of the vertebral column. The patient should be
asked to walk up and down the examination room so that
the normal tilting movement of the pelvis can be observed.
As one side of the pelvis is raised, a coronal lumbar con-
vexity develops on the opposite side, with a compensatory
thoracic convexity on the same side. When a person as-
sumes the sitting position, it will be noted that the normal
lumbar curvature becomes flattened, with an increase in the
interval between the lumbar spines.

The normal range of movement of the different parts of
the vertebral column should be tested. In the cervical re-
gion, flexion, extension, lateral rotation, and lateral flexion
are possible. Remember that about half of the movement re-
ferred to as flexion is carried out at the atlanto-occipital
joints. In flexion the patient should be able to touch his or
her chest with the chin, and in extension he or she should
be able to look directly upward. In lateral rotation the pa-
tient should be able to place the chin nearly in line with the
shoulder. Half of lateral rotation occurs between the atlas
and the axis. In lateral flexion the head can normally be
tilted 45° to each shoulder. It is important that the shoulder
is not raised when this movement is being tested.

In the thoracic region the movements are limited by the
presence of the ribs and sternum. When testing for rotation,
make sure that the patient does not rotate the pelvis.

In the lumbar region, flexion, extension, lateral rotation,
and lateral flexion are possible. Flexion and extension are
fairly free. Lateral rotation, however, is limited by the inter-
locking of the articular processes. Lateral flexion in the tho-
racic and lumbar regions is tested by asking the patient to
slide, in turn, each hand down the lateral side of the thigh.

= ABNORMAL CURVES OF THE VERTEBRAL COLUMN

Kyphosis is an exaggeration in the sagittal curvature pre-

sent in the thoracic part of the vertebral column. It can be
caused by muscular weakness or structural changes in the
vertebral bodies or intervertebral discs. In sickly adoles-
cents, for example, where the muscle tone is poor, long
hours of study or work over a low desk can lead to a gently
curved kyphosis of the upper thoracic region. The person is
said to be “roundshouldered.” Crush fractures or tubercu-
lous destruction of the vertebral bodies leads to acute angu-
lar kyphosis of the vertebral column. In the aged, osteo-
porosis (abnormal rarefaction of bone) and/or
degeneration of the intervertebral discs leads to senile
kyphosis, involving the cervical, thoracic, and lumbar re-
gions of the column.

Lordosis is an exaggeration in the sagittal curvature pre-
sent in the lumbar region. Lordosis may be caused by an in-
crease in the weight of the abdominal contents, as with the
gravid uterus or a large ovarian tumor, or it may be caused
by disease of the vertebral column such as spondylolisthe-
sis. (See p243 ) The possibility that it is a postural compen-
sation for a kyphosis in the thoracic region or a disease of

the hip joint (congenital dislocation) must not be over-
looked.
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Scoliosis is a lateral deviation of the vertebral column.
This is most commonly found in the thoracic region and
may be caused by muscular or vertebral defects, Paralysis of
muscles caused by poliomyelitis can cause severe scoliosis.
The presence of a congenital hemivertebra can cause scol-
iosis. Often scoliosis is compensatory and may be caused by
a short leg or hip disease.

#VERTEBRAL VENOUS PLEXUS AND CARCINOMA OF THE
PROSTATE

The longitudinal thin-walled, valveless vertebral venous
plexus is fully described on page216. Because this plexus
communicates above with the intracranial venous sinuses
and segmentally with the veins of the thorax, abdomen, and
pelvis, it is a clinically important structure. Pelvic venous
blood enters not only the inferior vena cava but also the ver-
tebral venous plexus and by this route may also enter the
skull. This is especially likely to occur if the intra-abdominal
pressure is increased. The internal vertebral venous plexus
is not subject to external pressures when the intra-abdomi-
nal pressure rises. A rise in pressure on the abdominal and
pelvic veins would tend to force the blood backward out of
the abdominal and pelvic cavities into the veins within the
vertebral canal. The existence of this venous plexus ex-
plains how carcinoma of the prostate may metastasize to the
vertebral column and the cranial cavity.

< HERNIATED INTERVERTEBRAL Discs

The structure and function of the intervertebral disc is de-
scribed on page2()§ -The resistance of these discs to com-
pression forces is substantial, as seen, for example, in circus
acrobats who can support four or more of their colleagues
on their shoulders. Nevertheless, the discs are vulnerable to
sudden shocks, particularly if the vertebral column is flexed
and the disc is undergoing degenerative changes, that result
in herniation of the nucleus pulposus.

The discs most commonly affected are those in areas
where a mobile part of the column joins a relatively immo-
bile part, that is, the cervicothoracic junction and the lum-
bosacral junction. In these areas the posterior part of the an-
ulus fibrosus ruptures, and the nucleus pulposus is forced
posteriorly like toothpaste out of a tube. This is referred to as
2 herniation of the nucleus pulposus. This herniation
can result either in a central protrusion in the midline under
the posterior longitudinal ligament of the vertebrae or in a
lateral protrusion at the side of the posterior ligament close
to the intervertebral foramen (Fig. 12-24). The escape of the
nucleus pulposus will produce narrowing of the space be-
tween the vertebral bodies, which may be visible on radio-
graphs. Slackening of the anterior and posterior longitudinal
ligaments results in abnormal mobility of the vertebral bod-
ies, producing local pain and subsequent development of
osteoarthritis.

Cervical disc herniations are less common than herni-
ations in the lumbar region (Fig. 12-22). The discs most sus-
ceptible to this condition are those between the fifth and
sixth or sixth and seventh vertebrae. Lateral protrusions
cause pressure on a spinal nerve or its roots. Each spinal
nerve emerges above the corresponding vertebra; thus, pro-
trusion of the disc between the fifth and sixth cervical verte-
brae can cause compression of the C6 spinal nerve or its
roots (Fig. 12-24). Pain is felt near the lower part of the back

of the neck and shoulder and along the area in the distribu-
tion of the spinal nerve involved. Central protrusions may
press on the spinal cord and the anterior spinal artery and
involve the various nerve tracts of the spinal cord.
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Figure 12-24 A, B. Posterior views of vertebral bodies in the cervical and lumbar regions showing
the relationship that might exist between the herniated nucleus pulposus and the spinal nerve
roots. Note that there are eight cervical spinal nerves but only seven cervical vertebrae. In the lum-
bar region, for example, the emerging L4 nerve roots pass out laterally close to the pedicle of the
fourth lumbar vertebra and are not related to the intervertebral disc between the fourth and fifth
lumbar vertebrae. C. Posterolateral herniation of the nucleus pulposus of the intervertebral disc
between the fifth lumbar vertebra and the first sacral vertebra showing pressure on the S1 nerve
root. D. An intervertebral disc that has herniated its nucleus pulposus posteriorly. E. Pressure on
the L5 motor nerve root produces weakness of dorsiflexion of the ankle; pressure on the S1 motor
nerve root produces weakness of plantar flexion of the ankle joint.
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Lumbar disc herniations are more common than cer-
vical disc herniations (Fig. 12-24). The discs usually affected
are those between the fourth and fifth lumbar vertebrae and
between the fifth lumbar vertebra and the sacrum. In the
lumbar region the roots of the cauda equina run posteriorly
over several intervertebral discs (Fig. 12-23). A lateral herni-
ation may press on one or two roots and often involves the
nerve root going to the intervertebral foramen just below.
However, because C8 nerve roots exist and an eighth cervi-
cal vertebral body does not, the thoracic and lumbar roots
exit below the vertebra of the corresponding number. Thus,
the L5 nerve root exits between the fifth lumbar and first
sacral vertebrae. Moreover, because the nerve roots move
laterally as they pass toward their exit, the root correspond-
ing to that disc space (L4 in the case of the L4-5 disc) is al-
ready too lateral to be pressed on by the herniated disc.
Herniation of the L4-5 disc usually gives rise to symptoms
referable to the L5 nerve roots, even though the L5 root exits
between L5 and S1 vertebrae. The nucleus pulposus occa-
sionally herniates directly backward and, if it is a large her-
niation, the whole cauda equina may be compressed, pro-
ducing paraplegia.

An initial period of back pain is usually caused by the in-
jury to the disc. The back muscles show spasm, especially
on the side of the herniation, because of pressure on the
spinal nerve root. As a consequence, the vertebral column
shows a scoliosis, with its concavity on the side of the lesion.
Pain is referred down the leg and foot in the distribution of
the affected nerve. Since the sensory posterior roots most
commonly pressed on are the fifth lumbar and the first
sacral, pain is usually felt down the back and lateral side of
the leg, radiating to the sole of the foot. This condition is of-
ten called sciatica. In severe cases paresthesia or actual
sensory loss may be present.

Pressure on the anterior motor roots causes muscle
weakness. Involvement of the fifth lumbar motor root pro-
duces weakness of dorsiflexion of the ankle, whereas pres-
sure on the first sacral motor root causes weakness of plan-
tar flexion, and the ankle jerk may be diminished or absent
(Fig. 12-24),

A large, centrally placed protrusion may give rise to bi-
lateral pain and muscle weakness in both legs. Acute reten-
tion of urine may also occur.

A correlation between the disc lesion, the nerve roots in-
volved, the pain dermatome, the muscle weakness, and the
missing or diminished reflex is shown in Table 12-1.

£ DISEASE AND THE INTERVERTEBRAL FORAMINA

The intervertebral foramina (Fig. 12-5) transmit the spinal
nerves and the small segmental arteries and veins, all of
which are embedded in areolar tissue. Each foramen is
bounded above and below by the pedicles of adjacent ver-
tebrae, in front by the lower part of the vertebral body and
by the intervertebral disc, and behind by the articular pro-
cesses and the joint between them. In this situation the
spinal nerve is vulnerable and may be pressed on or irritated
by disease of the surrounding structures. Herniation of the
intervertebral disc, fractures of the vertebral bodies, and os-
teoarthritis involving the joints of the articular processes or
the joints between the vertebral bodies can all result in pres-
sure, stretching, or edema of the emerging spinal nerve.
Such pressure would give rise to dermatomal pain, muscle
weakness, and diminished or absent reflexes.
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’ Table 12-1 Summary of Important Features Found in Cervical and Lumbosacral Root Syndromes
Root Reflex
Injury Dermatome Pain Muscle Supplied Movement Weakness Involved
C5 Lower lateral aspect of Deltoid and biceps Shoulder abduction, elbow flexion Biceps
upper arm
C6 Lateral aspect of forearm Extensor carpi radialis longus Wrist extensors Brachio-
and brevis radialis
Cc7 Middle finger Triceps and flexor carpi radialis Extension of elbow and flexion Triceps
of wrist
C8 Medial aspect of forearm Flexor digitorum supericialis Finger flexion None
and profundus
L1 Groin lliopsoas Hip flexion Cremaster
L2 Anterior aspect of thigh lliopsoas, sartorius, hip adductors Hip flexion, hip adduction Cremaster
L3 Medial aspect of knee lliopsoas, sartorius, quadriceps, Hip flexion, knee extension, Patellar
hip adductors hip adduction
L4 Medial aspect of calf Tibialis anterior, quadriceps Foot inversion, knee extension Patellar
L5 Lateral part of lower leg Extensor hallucis longus, Toe extension, ankle dorsiflexion None
and dorsum of foot extensor digitorum longus
S1 Lateral edge of foot Gastrocnemius, soleus Ankle plantar flexion Ankle jerk
52 Posterior part of thigh Flexor digitorum longus, Ankle plantar flexion, toe flexion None
flexor hallucis longus

& DISLOCATIONS OF THE VERTEBRAL COLUMN

Dislocations without fracture occur orly n the cewvical
region because the inclination of the articular processes of
the cervical vertebrae permits dislocation to take place with-
out fracture of the processes. In the thoracic and lumbar re-
gions, dislocations can occur only if the vertically placed ar-
ticular processes are fractured.

Dislocations commonly occur between the fourth and
fifth or fifth and sixth cervical vertebrae, where motiility is
greatest. In unilateral dislocations the inferior articular pro-
cess of one vertebra is forced forward over the anterior mar-
gin of the superior articular process of the vertebra below.
Because the articular processes normally overlap, they be-
come locked in the dislocated position. The spinal nerve on
the same side is usually nipped in the intervertebral fora-
men, producing severe pain. Fortunately, the large size of
the vertebral canal allows the spinal cord to escape damage
in most cases.
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Rilateral cervical dislocations are almost always associ-
ated with severe injury to the spinal cord. Death occurs im-
mediately if the upper cervical vertebrae are involved be-
cause the respiratory muscles, including the diaphragm
(phrenic nerves C3-5), are paralyzed.

~FRACTURES OF THE VERTEBRAL COLUMN

Fractures of the Spinous Processes,
Transverse Processes, or Laminae

Fractures of the spinous processes, transverse processes,
or laminae are caused by direct injury or, in rare cases, by
severe muscular activity.

Anterior and Lateral Compression

Fractures

Anterior compression fractures of the vertebral bodies
are usually caused by an excessive flexion compression
type of injury and take place at the sites of maximum mo-
bility or at the junction of the mobile and fixed regions of the
column. It is interesting to note that the body of a vertebra in
such a fracture is crushed, whereas the strong posterior lon-
gitudinal ligament remains intact. The vertebral arches re-
main unbroken and the intervertebral ligaments remain in-
tact so that vertebral displacement and spinal cord injury do
not occur. When i ln]U]’y causes excessive lateral flexion in
addition to excessive flexion, the lateral part of the body is
also crushed.

Fracture Dislocations

Fracture dislocations are usually caused by a combina-
tion of a flexion and rotation type of injury; the upper verte-
bra is excessively flexed and twisted on the lower vertebra.
Here again, the site is usually where maximum mobility oc-
curs, as in the lumbar region, or at the junction of the mobile
and fixed region of the column, as in the lower lumbar ver-
tebrae. Because the articular processes are fractured and
the ligaments are torn, the vertebrae involved are unstable,
and the spinal cord is usually severely damaged or severed,
with accompanying paraplegia.

Vertical Compression Fractures

These fractures occur in the cervical and lumbar regions,
where it is possible to fully straighten the vertebral column
(Fig. 12-25). In the cervical region, with the neck straight, an
excessive vertical force applied from above will cause the
ring of the atlas to be disrupted and the lateral masses to be
displaced laterally (Jefferson’s fracture). If the neck is
slightly flexed, the lower cervical vertebrae remain in a
straight line and the compression load is transmitted to the
lower vertebrae, causing disruption of the intervertebral
disc and breakup of the vertebral body. Pieces of the verte-
bral body are commonly forced back into the spinal cord.

It is possible for nontraumatic compression fractures to
occur in severe cases of osteoporosis and for pathologic
fractures to take place.

In the straightened lumbar region, an excessive force
from below can cause the vertebral body to break up, with
protrusion of fragments posteriorly into the spinal canal.

Fractures of the Odontoid Process of the
Axis

Fractures of the odontoid process are relatively common
and result from falls or blows on the head (Fig. 12-25).
Excessive mobility of the odontoid fragment or rupture of
the transverse ligament can result in compression injury to
the spinal cord.
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Figure 12-25 Dislocations and fractures of the vertebral column. A. Unilateral dislocation of the
fifth on the sixth cervical vertebra; note the forward displacement of the inferior articular process
over the superior articular process of the vertebra below. B. Bilateral dislocation of the fifth on the
sixth cervical vertebra; note that 50% of the vertebral body width has moved forward on the verte-
bra below. C. Flexion compression-type fracture of the vertebral body in the lumbar region. D.
Jefferson’s type fracture of the atlas. E. Fractures of the odontoid process and the pedicles
{Hangman's fracture) of the axis.
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Fracture of the Pedicles of the Axis
(Hangman’s Fracture)

Severe extension injury of the neck, such as might occur
in an automobile accident or a fall, is the usual cause.
Sudden overextension of the neck, as produced by the knot
of a hangman’s rope beneath the chin, is the reason for the
alternative name. Because the vertebral canal is enlarged by
the forward displacement of the vertebral body of the axis,
the spinal cord is rarely compressed (Fig. 12-25).

= SPONDYLOLISTHESIS

In spondylolisthesis, the body of a lower lumbar vertebra,
usually the fifth, moves forward on the body of the vertebra
below and carries with it the whole of the upper portion of
the vertebral column. The essential defect is in the pedicles
of the migrating vertebra. It is now generally believed that in
this condition the pedicles are abnormally formed, and ac-
cessory centers of ossification are present and fail to unite.
The spine, laminae, and inferior articular processes remain
in position, whereas the remainder of the vertebra, having
lost the restraining influence of the inferior articular pro-
cesses, slips forward. Because the laminae are left behind,
the vertebral canal is not narrowed, but the nerve roots may
be pressed on, causing low backache and sciatica. In severe
cases the trunk becomes shortened, and the lower ribs con-
tact the iliac crest.

£ NERVE RooT PAIN

Spinal nerve roots exit from the vertebral canal through
the intervertebral foramina. Each foramen is bounded su-
periorly and inferiorly by the pedicles, anteriorly by the in-
tervertebral disc and the vertebral body, and posteriorly by
the articular processes and joints (Fig. 12-5). In the lumbar
region, the largest foramen is between the first and second
lumbar vertebrae and the smallest is between the fifth lum-
bar and first sacral vertebra.

One of the complications of osteoarthritis of the vertebral
column is the growth of osteophytes, which commonly en-
croach on the intervertebral foramina, causing pain along
the distribution of the segmental nerve. The fifth lumbar
spinal nerve is the largest of the lumbar spinal nerves, and it
exits from the vertebral column through the smallest inter-
vertebral foramen. For this reason it is the most vulnerable.

Osteoarthritis as a cause of root pain is suggested by the
patient’s age, its insidious onset, and a history of back pain
of long duration; this diagnosis is made only when all other
causes have been excluded. For example, a prolapsed disc
usually occurs in a younger age group and often has an
acute onset.

£ NARROWING OF THE SPINAL CANAL

After about the fourth decade of life the spinal canal be-
comes narrowed by aging. Osteoarthritic changes in the
joints of the articular processes with the formation of osteo-
phytes, together with degenerative changes in the interver-
tebral discs and the formation of large osteophytes between
the vertebral bodies, can lead to narrowing of the spinal
canal and intervertebral foramina. In persons in whom the
spinal canal was originally small, significant stenosis in the
cauda equina area can lead to neurologic compression.
Symptoms vary from mild discomfort in the lower back to
severe pain radiating down the leg with the inability to walk.
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£ SACROILIAC JOINT DISEASE

The sacroiliac joint is described onchap 6 - The clinical
aspects of this joint are referred to again because disease of
this joint can cause low back pain and may be confused
with disease of the lumbosacral joints. Essentially, the
sacroiliac joint is a synovial joint that has irregular eleva-
tions on one articular surface that fit into corresponding de-
pressions on the other articular surface. It is a strong joint
and is responsible for the transfer of weight from the verte-

bral column to the hip bones. The joint is innervated by the
lower lumbar and sacral nerves so that disease in the joint
may produce low back pain and sciatica.

The sacroiliac joint is inaccessible to clinical examina-
tion. However, a small area located just medial to and below
the posterosuperioriliac spine is where the joint comes clos-
est to the surface. In disease of the lumbosacral region,
movements of the vertebral column in any direction cause
pain in the lumbosacral part of the column. In sacroiliac dis-
ease, pain is extreme on rotation of the vertebral column
and is worst at the end of forward flexion. The latter move-
ment causes pain because the hamstring muscles hold the
hip bones in position while the sacrum is rotating forward as
the vertebral column is flexed.

#SpINAL CORD INJURIES

The degree of spinal cord injury at different vertebral lev-
els is largely governed by anatomic factors. In the cervical
region, dislocation or fracture dislocation is common, but
the large size of the vertebral canal often results in the spinal
cord escaping severe injury. However, when considerable
displacement occurs, the cord is sectioned and death oc-
curs immediately. Respiration ceases if the lesion occurs
above the segmental origin of the phrenic nerves.

In fracture dislocations of the thoracic region, displace-
ment is often considerable, and the small size of the verte-
bral canal results in severe injury to the spinal cord.

In fracture dislocations of the lumbar region, two
anatomic facts aid the patient. First, the spinal cord in the
adult extends only down as far as the level of the lower bor-
der of the first lumbar vertebra. Second, the large size of the
vertebral foramen in this region gives the roots of the cauda
equina ample room. Nerve injury may therefore be minimal
in this region

Injury to the spinal cord can produce partial or complete
loss of function at the level of the lesion and partial or com-
plete loss of function of afferent and efferent nerve tracts be-
low the level of the lesion. The symptoms and signs of spinal
shock and paraplegia in flexion and extension are beyond
the scope of this book. For further information, a textbook of
neurology should be consulted.

Relationships of Spinal Cord Segments to

Vertebral Numbers

Because the spinal cord is shorter than the vertebral col-
umn, the spinal cord segments do not correspond numeri-
cally with the vertebrae that lie at the same level (Fig. 12-11).
The following table will help determine which spinal seg-
ment is contiguous with a given vertebral body.

Vertebrae Spinal Segment
Cervical Add 1
Upper thoracic Add 2

Add 3

Lower thoracic (T7-9)
Tenth thoracic
Eleventh thoracic
Twelfth thoracic

First lumbar

L1 and 2 cord segments

L3 and 4 cord segments

L5 cord segment

Sacral and coccygeal cord
segments
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= SPINAL CORD ISCHEMIA

The blood supply to the spinal cord is surprisingly mea-
ger considering the importance of this nervous tissue. The
longitudinally running anterior and posterior spinal arteries
are of small and variable diameter, and the reinforcing seg-
mental arteries vary in number and in size. Ischemia of the
spinal cord can easily follow minor damage to the arterial
supply as a result of regional anesthesia, pain block proce-
dures, or aortic surgery.

£ L.UMBAR PUNCTURE (SPINAL TAP)

Lumbar puncture may be performed to withdraw a sam-
ple of cerebrospinal fluid for examination. Fortunately, the
spinal cord terminates below at the level of the lower bor-
der of the first lumbar vertebra in the adult. (In the infant it
may reach as low as the third lumbar vertebra.) The sub-
arachnoid space extends down as far as the lower border of
the second sacral vertebra. The lower lumbar part of the
vertebral canal is thus occupied by the subarachnoid
space, which contains the cauda equina, that is, the lumbar
and sacral nerve roots and the filum terminale. A needle in-
troduced into the subarachnoid space in this region usually
pushes the nerve roots to one side without causing damage.

With the patient lying on the side with the vertebral col-
umn well flexed, the space between adjoining laminae in
the lumbar region is opened to a maximum (Fig. 12-26). An
imaginary line joining the highest points on the iliac crests
passes over the fourth lumbar spine (Fig. 12-23). With a
careful aseptic technique and under local anesthesia, the
lumbar puncture ncedle, fitted with a stylet, is passed 1ato
the vertebral canal above or below the fourth lumbar spine
(Fig. 12-26). The needle will pass through the following
anatomic structures before it enters the subarachnoid
space: (1) skin, (2) superficial fascia, (3) supraspinous lig-
ament, (4) interspinous ligament, (5) ligamentum flavum,
(6) areolar tissue containing the internal vertebral venous
plexus in the epidural space, (7) dura mater, and (8 arach-
noid mater. The depth to which the needle will have to pass
will vary from an inch or less in a child to as much as 4
inches (10 cm) in obese adults.

As the stylet is withdrawn, a few drops of blood com-
monly escape. This usually indicates that the point of the
needle is situated in one of the veins of the internal verte-
bral plexus and has not yet reached the subarachnoid
space. If the entering needle should stimulate one of the
nerve roots of the cauda equina, the patient will experience
a fleeting discomfort in one of the dermatomes, or a muscle
will twitch, depending on whether a sensory or a motor root
was impaled. If the needle is pushed too far anteriorly, it
may hit the body of the third or fourth lumbar vertebra (Fig.
12-26).

The cerebrospinal fluid pressure can be measured by at-
taching a manometer to the needle. In the recurnbent posi-
tion, the normal pressure is about 120 mm of water. It is in-
teresting to note that the cerebrospinal fluid pressure
normally fluctuates slightly with the heart beat and with
each phase of respiration.

Anatomy of “Not Getting In”

I bone is encountered, the needle should be withdrawn
as far as the subcutaneous tissue and the angle of insertion
should be changed. The most common bone to be encoun-
tered is the spinous process of the vertebra above or below
the path of insertion. If the needle is directed laterally rather
than in the midline, it may hit the lamina or an articular pro-
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Anatomy of Complication of Lumbar
Punctare

1. Postlumbar puncture headache. This headache starts af-
ter the procedure and lasts 24 to 48 hours. The cause is a
leak of cerebrospinal fluid through the dural puncture,
and it usually follows the use of a wide-bore needle. The
leak reduces the volume of cerebrospinal fluid, which, in
turn, causes a downward displacement of the brain and
stretches the nerve-sensitive meninges—a headache fol-
lows. The headache is relieved by assuming the recum-
bent position. Using small-gauge styletted needles and
avoiding multiple dural holes reduce the incidence of
headache.

2. Brain herniation. Lumbar puncture is contraindicated in
cases in which intracranial pressure is significantly
raised. A large tumor, for example, above the tentorium
cerebelli with a high intracranial pressure may result in a
caudal displacement of the uncus through the tentorial
notch or a dangerous displacement of the medulla
through the foramen magnum, when the lumbar cere-
brospinal fluid pressure is reduced.

#BLOCK OF THE SUBARACHNOID SPACE

A block of the subarachnoid space in the vertebral canal,
which may be caused by a tumor of the spinal cord or the
meninges, can be detected by compressing the internal jugu-
lar veins in the neck. This raises the cerebral venous pressure
and inhibits the absorption of cerebrospinal fluid in the
arachnoid granulations, thus producing a rise in the mano-
metric reading of the cerebrospinal fluid pressure. If this rise
fails to occur, the subarachnoid space is blocked and the pa-
tient is said to exhibit a positive Queckenstedt’s sign.

= CAUDAL ANESTHESIA

Solutions of anesthetics may be injected into the sacral
canal through the sacral hiatus. The solutions pass upward
in the loose connective tissue and bathe the spinal nerves as
they emerge from the dural sheath. Caudal anesthesia is
used in operations in the sacral region, including anorectal
surgery and culdoscopy. Obstetricians use this method of
nerve block to relieve the pains during the first and second
stages of labor. Its advantage is that, administered by this
method, the anesthetic does not affect the infant.

The sacral hiatus is palpated as a distinct depression in
the midline about 4 cm above the tip of the coccyx in the up-
per part of the cleft between the buttocks. The hiatus is tri-
angular or U shaped and is bounded laterally by the sacral
cornua (Fig. 12-27).

The size and shape of the hiatus depend on the number
of laminae that fail to fuse in the midline posteriorly. The
common arrangement is for the hiatus to be formed by the
nonfusion of the fifth and sometimes the fourth sacral verte-
brae.

With a careful aseptic technique and under local anes-
thesia. the needle, fitted with a stylet, is passed into the ver-
tebral (sacral) canal through the sacral hiatus.

The needle pierces the (1) skin and fascia and (2) the
sacrococcygeal membrane that fills in the sacral hiatus (Fig.
12-27). The membrane is formed of dense fibrous tissue and
represents the fused supraspinous and interspinous liga-
ments as well as the ligamentum flavum. A distinct feeling of
“give” is felt when the ligament is penetrated.
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Figure 12-26 Sagittal section through the lumbar part of the vertebral column in flexion. Note that
the spines and laminae are well separated in this position, enabling one to introduce a lumbar

puncture needle into the subarachnoid space.
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Note that the sacral canal is curved and follows the gen-
eral curve of the sacrum (Fig. 12-27). The anterior wall,

formed by the fusion of the bodies of the sacral vertebrae, is
rough and ridged. The posterior wall, formed by the fusion
of the laminae, is smooth. The average distance between the
sacral hiatus and the lower end of the subarachnoid space
at the second sacral vertebra is about 47 mm in adults.

Note also that the sacral canal contains (7) the dural sac
(containing the cauda equina), which istethered to the coc-
cyx by the filum terminale, (2) the sacral and coccygeal
nerves as they emerge from the dural sac surrounded by
their dural sheath, and (3) the thin-walled veins of the inter-
nal vertebral venous plexus.
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Figure 12-27  A. The sacral hiatus. Black dots indicate the position of important bony landmarks. B.
Posterior surface of the lower end of the sacrum and the coccyx showing the sacrococcygeal
membrane covering the sacral hiatus. C. The dural sheath (thecal sac) around the lower end of the
spinal cord and spinal nerves in the sacral canal: the laminae have been removed. D. Longitudinal
section through the sacrum showing the anatomy of caudal anesthesia,
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Study the following case histories and select the best answer

A 3 g Jile Jo

Clinical Problem Solving

to the questions following them.

An 11-vear-old boy was showing off in front of
friends by diving into the shallow end of a swim-
ming pool. After one particular daring dive, he
surfaced quickly and climbed out of the pool,
holding his head between his hands. He said that
he had hit the bottom of the pool with his head
and now had severe pain in the root of the neck,
which was made worse when he tried to move
his neck. A lateral radiograph revealed that the
right inferior articular process of the fifth cervical
vertebra was forced over the anterior margin of
the right superior articular process of the sixth
cervical vertebra, producing a unilateral disloca-
tion with nipping of the right sixth cervical nerve.

. The following symptoms and signs confirmed the diag-

nosis except:
A. The head was rotated to the right.

B. There was spasm of the deep neck muscles on the

right side of the neck, which were tender to touch.

C. The patient complained of severe pain in the region

of the back of the neck and right shoulder.

D. The slightest movement produced severe pain in the

right sixth cervical dermatome.

E. The large size of the vertebral canal in the cervical re-

gion permitted the spinal cord to escape injury.

A 50-year-old coal miner was crouching at the
mine face when a large rock suddenly became
dislodged from the roof of the mine shaft and
struck him on the upper part of his back. The
emergency department physician suspected a
displacement of the upper thoracic spines on the
sixth thoracic spine.

. The following physical signs confirmed a diagnosis of
fracture disiocation between the fifth and sixth thoracic

vertebrae except:

A. A lateral radiograph revealed fractures involving the
superior articular processes of the sixth thoracic ver-
tebra and the inferior articular processes of the filth
thoracic vertebra.

B. Considerable forward displacement of the body of
the fifth thoracic vertebra on the sixth thoracic verte-
bra occurred.

C. The patient had signs and symptoms of spinal shock.

D. The large size of the vertebral canal in the thoracic
region leaves plenty of space around the spinal cord
for bony displacement.

E. The patient later showed signs and symptoms of

paraplegia

A 66-year-old woman was seen in the emer-
gency department complaining of a burning
pain over the upper part of her right arm. The
pain had started 2 days previously and had pro-
gressively worsened. Physical examination re-
vealed weakness and wasting of the right deltoid
and biceps brachii muscles. The patient also had
hyperesthesia in the skin over the lower part of
the right deltoid and down the lateral side of the
arm.
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Radiologic examination showed extensive
spur formation on the bodies of the fourth, fifth,
and sixth cervical vertebrae. The above signs
and symptoms were suggestive of severe os-
teoarthritis of the cervical vertebral column.

3. This disease produced the following changes in the ver-
tebrae and related structures except:

A. Repeated trauma and aging had resulted in degener-
ative changes at the articulating surfaces of the
fourth, fifth, and sixth cervical vertebrae.

B. Extensive spur formation resulted in narrowing of
the intervertebral foramina with pressure on the
nerve roots.

C. The burning pain and hyperesthesia were caused by
pressure on the third and fourth cervical posterior
roots.

D. The weakness and wasting of the deltoid and biceps
brachii muscles were caused by pressure on the fifth
and sixth cervical anterior roots.

E. Movements of the neck intensified the symptoms by
exerting further pressure on the nerve roots.

F. Coughing or sneezing raised the pressure within the
vertebral canal and resulted in further pressure on
the roots.

A medical student offered to move a grand piano
for his landlady. He had just finished his final ex-
aminations in Anatomy and was in poor physical
shape. He struggled with the antique monstros-
ity and suddenly experienced an acute pain in
the back, which extended down the back and
outer side of his left leg. On examination in the
emergency department, he was found to have a
slight scoliosis with the convexity on the right
side. The deep muscles of the back in the left
lumbar region felt firmer than normal. No evi-
dence of muscle weakness was present, but the
left ankle jerk was diminished.

4. The symptoms and signs of this patient strongly sug-
gested a diagnosis of prolapsed intervertebral disc ex-
cepl.

A. The pain was worst over the left lumbar region op-
posite the fifth lumbar spine.

B. The pain was accentuated by coughing.

C. With the patient supine, flexing the left hip joint with
the knee extended caused a marked increase in the
pain.

D. A lateral radiograph of the lumbar vertebral column
revealed nothing abnormal.

E. An MRI revealed the presence of small fragments of
the nucleus pulposus that had herniated outside the
anulus in the disc between the fifth lumbar vertebra
and the sacrum.

F. The pain occurred in the dermatomes of the third
and fourth lumbar segments on the left side.

5. When performing a lumbar puncture (spinal tap) on an
adult, the following anatomic facts have to be taken into
consideration except:

A. With the patient in the lateral prone or upright sitting
position, the vertebral column should be well flexed
to separate the spines and laminae of adjacent verte-
brae.

B. An imaginary line joining the anterior superior iliac
spines passes over the fourth lumbar spine.

C. The needle should be inserted above or below the
fourth lumbar spine.
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D. To enter the subarachnoid space, the needle will @) M (1) e 5 )z @5 Sl o A N ) D
pass through the (7) skin, (2 superficial fascia, (3) st B (8 O 2l 545 LU I (3) bl LN
supraspinous ligament, (4) interspinous ligament, o il ) - - _

(5) ligamentum flavum, (6) areolar tissue containing 8 peieiall (§ gy W e (6) Ao BN (5) Sy
tr;ledil}éjrzigﬁt;lérﬂ:g:ous plexus, (7) dura mater, i sSaall sLeally (8) (Al f‘yl (Ty bl 3, adl) 20, )
g : L (6 yrae dze AU e Jau : -

E. The spinal cord ends below in the adult at the level I o B " o 2 JH e B
of the lower barder of the first lumbar vertebra. BPD) (RS- E-HIENHN]

F. With the patient in the lateral prone position, the nor- 0 T LIRS O, (9 Pt e I (-
mal cerebrospinal fluid pressure is about 120 mm of “;,’J o g ‘SJ sher o it Sl

water. sl ‘.J.‘ 120 t_;hj,.
A 22-year-old student was driving home from a ‘et Tl dshiw 308 OLS A 22 Il
party and crashed his car head-on into a brick :_‘ )M"Jj cil _9:4-30 e ‘” BT il
wall. On examination in the emergency depart- 2. ol 2.9 . T o dd)liw dndie Cosilaialy dlao

ment, he was found to have a fracture dislocation Agylali By GaN 2 (g ul a Lo od e Aoy ifg)ylgtall e wd

of the seventh thoracic vertebra, with signs and - - e .
! . S g PES N¥- Sle R
symptoms of severe damage to the spinal cord. & sl Bulakd 201 pdlyely Gladle 3929 ps daslud)

6. On recovery from spinal shock he was found to have the w2l ¥y Sladlall oiie dor g AuS gl douall (o ¢Laddl Wic .6
following signs and symptorms except: e

A. Upper motor neuron paralysis of his left leg. _ " ; ) )

B. Hiphad a band of cutaneous hyperesthesia extend- L et Blebispho (50 o g L A
ing around the abdominal wall on the left side atthe & sl el J e azg gaddl M b3 e by b oe B
level of the umbilicus that was caused by the irrita- iy 557 oy L5 a5 5 ol (S s Je (5 ol 2
tion of the cord immediately above the site of the le- T T I i
sion. 0 tn B! g po 8 S 2 J

C. On the right side, total analgesia, thermoanesthesia, -2 Sl e iy o] 585 oy (AN U g .C

and partial loss of tactile sense of the skin of the ab- fyy 8l G i ol ke |l -
dominal wall below the level of the umbilicus in- ? = oo s e s

volving the whole of the right leg were present. ) e bl JU5.
D. Fracture dislocation of the seventh thoracic vertebra -l 5 230 (5,801 Al 4 jall 5 24l o e e D
would result in severe damage to the seventh tho- S o e Al

racic segment of the spinal cord. ' ; : ; .
E. The unequal sensory and motor losses on the two 8 o ST G bl e S A s B
sides indicate a left hemisection of the spinal cord. CN Y VR R B
. . - r‘.!
A 45-year-old woman visited her physician be- ‘;
cause of a low back pain of 3 months’ duration. _jgalf (ol @t cun Lgudo Wi 45 Lo pos 51 el Coanly

She was otherwise very fit. On examination of p : A e oA ; (525 -
her back, nothing abnormal was discovered. The 2ol o Sidlihluntyy. . :

physician then listened to her chest, examined ) cetdall el GLTD ey gl & (6T L IS o g ls

her thyroid gland, and finally examined both L g N} 3 Aalgill 2 g diBytl Lgiud s
i =St La
breasts. A large, hard mass was found in the left aacs bl i LH:“:' 2 J_m:g
breast. et LS 2 3,08 Aibio ALIS
7. The following facts supported the diagnosis of carcinoma  J3L&5 g9 e sl (S8 ilo s adindis RIS 35EST oS T
Ziltjl;zrlfeft breast with secondaries in the vertebral column cluie Lo ig 5201 3gaall 2.
A. The lump in the breast was painless and the patient sl i M ] el a3y i ge 22 el G "LQ' <8 LA
had noticed it while showering 6 months previously. Ceima gk 6 doa Lio e
B. Several large, hard, pectoral lymph nodes were v = S il ;
ound in the eft axilla. 0 el Ryt b e Al Y g B
C. A lateral radiograph of the lumbar vertebral column ~ L& 25> el (s Rl s pand] Bl Beplat ) 5e w bl .C
showed extensive metastases in the bodies of the Ay W ki) o w2 it 3 2ea
second and third lumbar vertebrae. . G . o 1 = el
D. The lump was situated in the upper outer quadrant of =~ =2 o= ¥ oo et Gl i N AT 2, D
the left breast and was fixed to surrounding tissues. et el
E. Although the cancer had spread by the lymph ves- S Y g 3 Fofile i Al
sels, no evidence of spread via the bloodstream was e S A ¥ eyl g oM B
present. A Ol A dad i

A 75-year-old woman was dusting the top of a Alle W55 Aed e jlaall aail Cols Aiw 75 Lo yec 3 el
high closet while balanced on a chair. She lost " s S B .
her balance and fell to the floor, catching her oYl e Cualigg Lgdyled Duas Leisd . (S (Ao A)lgis 29

right lumbar region on the edge of the chair. s ySI BBl e | Ailadl g b Cieladyl U9
8. The physician should carefully examine the back of this U234l -9 ady Ainse yels condall Gasis O a8
patient and have the following tests performed except: e La aut ol

——@ eIl e SN Juadl) ———



A. Examination of the back revealed a large bruised
area in the right lumbar region, which was extremely
tender to touch.

B. Anteroposterior and lateral radiographs exclude the
presence of a fracture, especially of a transverse pro-
Cess.

C. A 24-hour specimen of urine should be examined for
blood to exclude or confirm injury to the right kid-
ney.

D. Careful examination of the erector spinae muscles or
quadratus lumborum muscle may reveal extreme
tenderness and therefore injury to these muscles.

E. A lumbar puncture (spinal tap) should always be
performed in back injuries to exclude damage to the
spinal cord.
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Answers to Clinical Problems

1. A. The right inferior articular process of the fifth cervical
vertebra was forced over the anterior margin of the right
superior articular process of the sixth cervical vertebra,
causing the head of the patient to be rotated to the left.

2. D. The vertebral canal in the thoracic region is small and
round and little space is around the spinal cord for bony
displacement to occur without causing severe damage to
the cord.

3. C. The burning pain and hyperesthesia were caused by
pressure on the fifth and sixth cervical posterior roots.

4. F. The pain occurred in the dermatomes of the fifth lum-
bar and first sacral segments on the left side.

5. B. Animaginary line joining the highest points of the iliac
crests passes over the fourth lumbar spine.

6. D. Fracture dislocation of the seventh thoracic vertebra
would result in severe damage to the tenth thoracic seg-
ment of the spinal cord.

. E. The carcinoma of the left breast was in an advanced
stage and had spread by way of the lymph vessels to the
axillary lymph nodes and by the bloodstream to the bod-
ies of the second and third lumbar vertebrae. Carcinoma
of the thyroid, bronchus, breast, kidney, and prostate
tend to metastasize via the bloodstream to bones.

8. E. Alumbar puncture (spinal tap) is not required in cases

of simple trauma to the back.
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National Board Type Questions

o ;-0 35t pe e 2 B9 ) Sl p2AN (s Juo #
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e el A

Match the vertebrae listed below with the appropriate anatomic
feature possessed by the vertebrae:

. Second cervical

. Seventh cervical

. Sixth thoracic

. First cervical

. Fifth lumbar
A. Absent body
B. Odontoid process
C. Heart-shaped body

[ e T

D. Massive body uK..Jl s~ 54U B
E. None of the above A s Je e .C
i i3

G S3ue Y B

Multiple choice: . Badaill St ¢
6. The first cervical vertebra (atlas) has all of the follow- e be oo Lo S (Aagall) 91 408,30 3,2410 6w .6
ing except: Al 7 LA
A. Lateral masses Adis i gy B
B. Inferior articular facets Al Y
C. Anterior arch S % T

D. Spinous process -fr e

tlasbe (1,231 (i (o811 J g Aomiomio AL Olylaatl .7
UAJ By pany BB L e (,..thmc. A

E. Superior articular facets
7. The following statements are true of an intervertebral
disc except:

A. During aging, the fluid within the nucleus pulposus el & i (
is replaced by fibrocartilage. ] -“‘:—J“" ‘-e-\_—“.g u»-." A B

B. The discs are thickest in the lumbar region. PA G L_g)_,s’il el Jadi clley .C

C. The atlanto-axial joint possesses no disc. (A 5 ganll DAl ghar 3l rJy u‘d);w i .D

D. The dises play a major role in the development of U LY S 8 e Y 03 55 E
the curvatures of the vertebral column. e {’ ‘L-j C"J \::‘l:‘ F iJJ (ol

E. The nucleus pulposus is most likely to herniate in §oupal) b Lgie catlin 20U Olygsl (e (51.8

an anterolateral direction. iy pmeadl y Achadll 457 80 OlaeW gl i i A

8. The cauda equina consists of which of the following A an
components? Ses¥ Ll B
A. A bundle of posterior roots of lumbar, sacral, and ikl 45, 2 las™ aaldl, FIAN) )}J_Lh g .C

coccygeal spinal nerves. y et pmally
B. The filum terminale. Redhitd by iy gally dkadll 4752l T ey
C. A bundle of anterior and posterior roots of lumbar, =5 @ LR > i ot M
sacral, and coccygeal spinal nerves. ) S
D. A bundle of lumbar, sacral, and coccygeal spinal a8, a0 olae Ay Ll i s

terminale. LS54 A

9. The spinal cord in the adult ends inferiorly at the level L3:50 . B
of the: (82-3) o ,adh . C
A. L5 vertebra T1Zw . B
B. L3 vertebra }uj .
11 nju.!l .E

nerves and the filum terminale.
E. A bundle of anterior and posterior roots of lumbar,
sacral, and coccygeal spinal nerves and the filum

C. 52-3 vertebrae
D. T12 vertebra
E. L1 vertebra

. Herniation of the intervertebral disc between the fifth
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and sixth cervical vertebrae will compress the:

. Fourth cervical nerve root

. Sixth cervical nerve root

. Fifth cervical nerve root

. Seventh and eighth cervical nerve roots
Seventh cervical nerve root
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11. The subarachnoid space ends inferiorly in the adult at
the level of:

A. The coccyx

B. The lower border of L1

C. 52-3

D. S5
E. The promontory of the sacrum

12. The following statements are true of the vertebral col-
umn except:

A. Throughout life, the marrow of the vertebral bodies
has a hemopoetic function.

B. The internal vertebral venous plexus provides a
path for the passage of malignant cells from the
prostate to the cranial cavity.

C. The vertebral artery ascends the neck through the
foramen transversaria of all the cervical vertebrae.

D. Injection of ar anesthetic into the sacral canal can
be used to block pain and sensation from the
cervix, vagina, and the perineum during childbirth.

E. The atlanto-axial joint permits rotation of the head
on the vertebral column.
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Useful Anatomic Data of Clinical Significance

RESPIRATORY SYSTEM
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DIGESTIVE SYSTEM

zmﬂe Il Lengths and Capacities
Region Lengths (Approx.) Capacities (Approx.)
Esophagus 10 in. (25 cm) —
Stomach* Lesser curvature 4.8-5.6 in. (12-14 cm) 1,500 ml
Duodenum 10 in. (25 cm) —
Jejunum 8ft. (24 M) —
lleurn 12 ft. (3.7M) -
Appendix 3-5in. (8-13 cm) —
Ascending colon 5in. (13 cm) —
Transverse colon 15in. (38 cm) -
Descending colon 10 in. (25 em) —
Sigmoid colon 10-15 in. (25-38 cm) —
Rectum 5in. (13 cm) —
Anal canal 1.5in. (4 cm) —
Gallbladder 2.8-3.9 in. (7-10 cm) 30-50 ml
Cystic duct 11/2in. (3.8 cm) —
Bile duct 3in. (8 cm) —
* The curved course taken by a nasogastric tube from the cardiac orifice to the pylorus is usually longer, 6-10
in. (15-25 cm).
URINARY SYSTEM
?{ Table IV Lengths and Capacities ]
Organ Lengths (Approx.)  Capacity (Approx.)
Ureter 10 in. (25 cm) —
Bladder — 500 ml
Male urethra 8in. (20 cm) —
Penile 6in. (15.7 cm) —
Membranous 0.5in. (1.25 cm) —
Prostatic 1.25in. (3 cm) -
Female urethra 1.5in. (3.8 cm) —

REPRODUCTIVE SYSTEM

j TableV Dimensions

Organ

Dimensions (Approx.)

Male
Testis
Vas deferens
Penis (erect)
Female
Ovary
Uterine tube
Uterus
Vagina

2% 1in.(5 X 25cm)
18 in. (45 cm)
6 in. (15 cm)

1.5 X 0.75in. (4 X 2 cm)

4in. (10 cm)
3x2X1in.(8X5x25cm)
3in. (8 cm)
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MUSCULOSKELETAL SYSTEM

iTnhlu VI Summary of the Movements of the Shoulder Joint and the Muscles Producing Those Movements*

fibers)

of shaft of humerus

Movements  Muscles Origin Insertion Nerve Supply Segmental Nerve'
Flexion Deltoid (anterior Clavicle Middle of lateral surface  Axillary nerve C5, C6
fibers) of shaft of humerus
Pectoralis major Clavicle Lateral lip bicipital Medial and lateral C5,C6
(clavicular part) groove of humerus pectoral nerves
from brachial plexus
Biceps brachii
Long head Supraglenoid tuber-  Tuberosity of radius, Musculocutaneous C5, C6
cle of scapula deep fascia of forearm nerve
Short head Coracoid process
of scapula
Coracobrachialis Coracoid process Medial aspect of shaftof ~ Musculocutaneous Cs, C6, C7
of scapula humerus nerve
Extension Deltoid (posterior ~ Spine of scapula Middle of lateral surface  Axillary nerve C5,C6
fibers) of shaft of humerus
Latissimus dorsi lliac crest, lumbar Floor of bicipital groove  Thoracodorsal nerve C6, C7,C8
fascia, spines of of humerus
lower 6 thoracic
vertebrae, lower
3 or 4 ribs, and
inferior angle of
scapula
Teres major Lower third lateral Medial lip of bicipital Lower subscapular C6,C7
border of scapula groove of humerus nerve
Abduction Middle fibers of Acromion process Middle of lateral surface  Axillary nerve C5, Cé
deltoid of scapula of shaft of humerus
Supraspinatus Supraspinous fossa ~ Greater tuberosity of Suprascapular nerve C4,C5,C6
of scapula humerus
Adduction Pectoralis major Sternum and upper  Lateral lip of bicipital Medial and lateral C7,C8, Tl
(sternal part) 6 costal cartilages groove of humerus pectoral nerves
Latissimus dorsi lliac crest, lumbar Floor of bicipital groove ~ Thoracodorsal nerve C6,C7,C8
fascia, spines of of humerus
lower 6 thoracic
vertebrae, lower 3
or 4 ribs, inferior
angle of scapula
Teres major Lower third lateral Medial lip of bicipital Lower subscapular C6, C7
border of scapula groove of humerus nerve
Teres minor Upper % lateral Greater tuberosity of Axillary nerve C5, C6
border of scapula humerus
Lateral Infraspinatus Infraspinous fossa of ~ Greater tuberosity of Suprascapular nerve C5, C6
rotation scapula humerus
Teres minor Upper % lateral Greater tuberosity of Axillary nerve C5,C6
border of scapula humerus
Deltoid (posterior ~ Spine of scapula Middle of lateral surface  Axillary nerve C5, C6
fibers of shaft of humerus
Medial Subscapularis Subscapular fossa Lesser tuberosity of Upper and lower C5,Cé
rotation humerus subscapular nerves
Latissimus dorsi lliac crest, lumbar Floor of bicipital groove ~ Thoracodorsal nerve C6, C7,C8
fascia, spines of of humerus
lower 3 or 4 ribs,
inferior angle of
scapula
Teres major Lower third lateral Medial lip bicipital Lower subscapular C6, C7
border of scapula groove of humerus nerve
Deltoid (anterior Clavicle Middle of lateral surface  Axillary nerve C5,C6

* Circumduction is a combination of all the movements described.
' The predominant segmental nerve supply is indicated by boldface type
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E Table VIl  Summary of the Movements of the Elbow Joint and the Muscles Producing Those Movements

Movements  Muscles Origin Insertion Nerve Supply Segmental Nerve*
Flexion Brachialis Front of lower half of Coronoid process of Musculocutaneocus C5, C6
humerus ulna nerve
Biceps brachii
Long head Supraglenoid tubercle of  Tuberosity of radius, Musculocutaneous C5,C6
scapula deep fascia of forearm nerve
Short head Coracoid process of
scapula
Brachioradialis Lateral supracondylar Styloid process of radius ~ Radial nerve C5,C6,C7
ridge of humerus
Pronator teres
Humeral head  Medial epicondyle of Lateral aspect of shaft of ~ Median nerve C6, C7
humerus radius
Ulnar head Coronoid process of
ulna
Extension Triceps
Long head Infraglenoid tubercle of Olecranon process of Radial nerve C6,CT7,C8
scapula ulna
Lateral head Posterior surface of
shaft of humerus
Medial head Lower half of posterior
surface of shaft of
humerus
Anconeus Lateral epicondyle of Olecranon process of Radial nerve C7,C8, Tl
humerus ulna

* The predominant segmental nerve supply is indicated by boldface type.
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"-" Table VIl Summary of the Movements of the Wris!

Muscles

t Joint and the Muscles Producing Those Movements

PR

125, L ML S

Movements Origin Insertion Nerve Supply Scgmental Nerve*
Flexion Flexor carpi radialis Medial epicondyle of Bases of second and Median nerve C6, C7
humerus third metacarpal
bones
Flexor carpi ulnaris
Humeral head Medial epicondyle of Pisiform bone, hook Ulnar nerve Ccr,C8
humerus of hamate, base of
fifth metacarpal
bone
Ulnar head Olecranon process,
posterior border of
ulna
Palmaris longus Medial epicondyle of Flexor retinaculum, Median nerve E7,E€8
humerus palmar aponeurosis
Flexor digitorum
superficialis
Humeroulnar head  Medial epicondyle of Middle phalanx of Median nerve C7,C8,Tl
humerus, coronoid medial 4 fingers
process of ulna
Radial head Oblique line anterior
surface shaft of
radius
Flexor digitorum Anterior surface shaft Distal phalanx of Ulnar half—ulnar C8, Tl
profundus of ulna, interosseous medial 4 fingers nerve, radial
membrane half—median
nerve
Flexor pollicis Anterior surface shaft Distal phalanx of Anterior interos- C8, Tl
longus of radius thumb seous branch
of median
nerve
Extension Extensor carpi Lateral supracondylar Base of second Radial nerve 6, C7
radialis longus ridge of humerus metacarpal bone
Extensor carpi Lateral epicondyle of Base of third meta- Deep branch of C7,C8
radialis brevis humerus carpal bone radial nerve
Extensor carpi Lateral epicondyle of Bass of fifth meta- Deep branch of C7,C8
ulnaris humerus carpal bone radial nerve
Extensor digitorum Lateral epicondyle of Middle and distal Deep branch of C7,C8
humerus phalanges of radial nerve
medial 4 fingers
Extensor indicis Shaft of ulna and Extensor expansion Deep branch of C7,C8
interosseous of index finger radial nerve
membrane
Extensor digiti Lateral epicondyle of Extensor expansion Deep branch of C7,C8
minimi humerus of little finger radial nerve
Extensor pollicis Shaft of ulna and Base of distal Deep branch of C7,C8
longus interosseous phalanx of thumb radial nerve
membrane
Abduction Flexor carpi radialis Medial epicondyle of Bases of second and Median nerve C6,C7
humerus third metacarpal
bones
Extensor carpi Lateral supracondylar Base of second Radial nerve C6, C7
radialis longus ridge of humerus metacarpal bone
Exlensor carpi Lateral epicondyle of Base' of third meta- Deep branch of C7,C8
radialis brevis humerus carpal bone radial nerve
Abductor pollicis Shafts of radius and Base of first meta- Deep branch of CT.C8
longus ulna carpal bone radial nerve
Extensor pollicis Shaft of ulna and Base of distal Deep branch of ¢7,C8
longus interosseous phalanx of thumb radial nerve
membrane
Extensor pollicis Shaft of radius and Base of proximal Deep branch of C7, €8
brevis interosseous phalanx of thumb radial nerve
: ; : membrane
Adduction Flexor carpi ulnaris
Humeral head Medial epicondyle of Pisiform bone, hook Ulnar nerve C7,.C8
humerus of hamate, base
of fifth meta-
carpal bone
Ulnar head Olecranon process of
ulna
Extensor carpi Lateral epicondyle of Base of fifth meta- Deep branch of C7,C8
humerus carpal bone radial nerve

* The predominant segmental nerve supply is indicated by boldface type.
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Table IX

Movements

AR e

Summary of the Movements of the Hip Joint and the Muscles Producing Those Movements™

Muscles Origin Insertion Nerve Supply Segmental Nerve**
Flexion lliacus lliac fossa Lesser trochanter of Femoral nerve L2, 13
femur
Psoas Body of 12th thoracic Lesser trochanter of Lumbar plexus L1,L2,L3
vertebra, transverse femur
processes, bodies
and intervertebral
discs of the 5
lumbar vertebrae
Rectus femoris
Straight head Anterior inferior iliac Patella Femoral nerve L2, L3, L4
spine
Reflected head llium above
acetabulum
Sartorius Anterior superior iliac Upper medial Femoral nerve 213
spine surface of shaft
of tibia
Extension Gluteus maximus Outer surface of ilium,  lliotibial tract, Inferior gluteal L5, 81, S2
(a posterior sacrum, COCCyX, gluteal tuberosity nerve
movement sacrotuberous of femur
of the flexed ligament
thigh)
Biceps femoris Long head: ischial Head of fibula Tibial nerve 15,81, 52
tuberosity (sciatic nerve)
Semitandinosus Ischial tuberosity Upper part of Tibial nerve LS, 51,52
medial surface of (sciatic nerve)
shaft of tibia
Semimembranosus  Ischial tuberosity Medial condyle of Tibial nerve L5, §1,52
| tibia (sciatic nerve)
| Adductor magnus Ischial tuberosity Adductor tubercle Tibial nerve 12,L3, L4
of femur (sciatic nerve)
Abduction Gluteus medius QOuter surface of ilium Greater trochanter Superior gluteal L5, 51
of femur nerve
Gluteus minimus Outer surface of ilium Greater trochanter Superior gluteal L5, 51
of femur nerve
Sartorius Anterior superior iliac Upper medial Femoral nerve 13,13
spine surface of shaft of
| tibia
i Tensor fasciae lliac crest lliotibial tract Superior gluteal L4, L5
latae nerve
Piriformis Anterior surface of Greater trochanter L5, 81, 52
sacrum of femur
Adduction Adductor longus Body of pubis Posterior surface of Obturator nerve L2,L3, 14
shaft of femur
| Adductor brevis Inferior ramus of Posterior surface of Obturator nerve L2,13, 14
i pubis shaft of femur
Adductor magnus Inferior ramus of pubis,  Posterior surface of Obturator nerve L.2,L3, L4
(adductor fibers) ramus of ischium, shaft of femur,
ischial tuberosity adductor tubercle
of femur
Pectineus Superior ramus of Upper end of shaft Femoral nerve L2, L3
pubis of femur
Gracilis Inferior ramus of Upper part of shaft Obturator nerve L2,13
pubis, ramus of of tibia on
ischium medial surface
Lateral rotation Piriformis Anterior surface of Greater trochanter _ 15,81,:52
sacrum of femur
Obturator internus Inner surface of Greater trochanter Sacral plexus L5, 81
obturator of femur
membrane
(Continued)
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? Table IX (Continued)

Origin

IR RIS T,

* Circumduction is a combination of all the movements described.
** The predominant segmental nerve supply is indicated by boldface type.

nerve

Movements Muscles Insertion Nerve Supply Segmental Nerve**
Obturator externus ~ OQuter surface of Greater trochanter Obturator nerve L3, L4
obturator of femur
membrane
Superior gemellus Spine of ischium Greater trochanter Sacral plexus L5,81
of femur
Inferior gemellus [schial tuberosity Greater trochanter Sacral plexus L5, 81
of femur
Quadratus femoris Ischial tuberosity Quadrate tubercle Sacral plexus L5, 81
on upper end of
posterior surface
of femur
Gluteus maximus OQuter surface of ilium, lliotibial tract, Inferior gluteal L5, 81, 82
5acrum, coccyx, gluteal tuberosity nerve
sacrotuberous of femur
ligament
Medial rotation ~ Gluteus medius Outer surface of ilium Greater trochanter Superior gluteal L5, 51
of femur nerve
Gluteus minimus Quter surface of ilium Greater trochanter Superior gluteal L5, 51
of femur nerve
Tensor fasciae latae  lliac crest lliotibial tract Superior gluteal L4, L5
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T TableX

Summary of the Movements of the Knee Joint and the Muscles Producing Those Movements

Movements Muscles Origin Insertion Nerve Supply Segmental Nerve*
Flexion Biceps femoris
Long head Ischial tuberosity Head of fibula Tibial nerve I5:81,.52
Short head Shaft of femur Common
peroneal
nerve
oemitendinosus Ischial tuberosity Upper part of Tibial nerve L5, 81, 52
medial
surface of
shatt of tibia
Semimembranosus Ischial tuberosity Medial Tibial nerve L5, S1, 52
condyle of
tibia
Gastrocnemius Medial, lateral Via Achilles Tibial nerve 51,52
condyles of tendon into
femur calcaneum
Extension Quadriceps femoris:
rectus femoris
Straight head Anterior inferior Patella Femoral nerve 12,13, L4
iliac spine
Reflected head llium above
acetabulum
Vastus lateralis Upper end and Patella Femoral nerve L2, L3, L4
shaft of femur
Vastus medialis Upper end and Patella Femoral nerve L2,L3, L4
shaft of femur
Vastus intermedius Shaft of femur Patella Femoral nerve L2, L3, L4
Medial rotation Sartorius Anterior superior Upper medial Femoral nerve 213,
iliac spine surface of
shaft of tibia
Gracilis Interior ramus of Upper part of Obturator nerve L2,L3
pubis, ramus of shaft of tibia
ischium on medial
surface
Lateral rotation Biceps femoris
Long head Ischial tuberosity Head of fibula Tibial nerve L5, 81, S2
Short head Shaft of femur — Common L5, 51,52
peroneal
nerve

* The predominant segmental nerve supply is indicated by boldface type.
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f Table XI

Summary of the Movements of the Ankle Joint and the Muscles Producing Those Movements

Movements Muscles Origin Insertion Nerve Supply Segmental Nerve*
Doriflexion Tibialis anterior Shaft of tibia, Medial cuneiform, Deep peroneal nerve L4, L5
interosseous base of first
membrane metatarsal bone
Extensor hallucis Shatt of fibula, Base of distal Deep peroneal nerve L5, 81
longus interosseous phalanx of great
membrane toe
Extensor digitorum Shaft of fibula, Dorsal extensor Deep peroneal nerve 15,81
longus interosseous expansion of
membrane lateral four toes
Peroneus tertius Shaft of fibula, Base of fifth meta- Deep peroneal nerve L5, 51
interosseous tarsal bone
membrane
Plantarflexion Gastrocnemius Medial, lateral Via Achilles tendon Tibial nerve 51,52
condyles of into calcaneum
femur
Soleus Shatft of tibia Via Achilles tendon Tibial nerve S1,52
and fibula into calcaneum
Plantaria Lateral supra- Calcaneum Tibial nerve S1, 82
condular
ridge of
femur
Peroneus longus Shaft of fibula Base of first meta- Superficial L5, 81, 52
tarsal and medial peroneal
cuneiform nerve
Peroneus brevis Shaft of fibula Base of fifth meta- Superficial 15,951,582
tarsal bone peroneal
nerve
Tibialis posterior Shatfts of tibia, Tuberosity of navi- Tibial nerve L4, L5
fibula, cular
interosseous
membrane
Flexor digitorum Shaft of tibia Distal phalanges of Tibial nerve §2,53
longus lateral 4 toes
Flexor hallucis Shaft of fibula Base of distal Tibial nerve $2,83
longus phalanx of big toe
* The predominant segmental nerve supply is indicated by boldface type.
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