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Clinical anatomy is the study of the macroscopic
structure and function of the body

as it relates to the practice of

medicine and other health sciences.
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PREFACE.

his book is written for medical, dental, allied health

students, and nurses who are preparing for exami-

nations. It is also for students during their clinical
clerkships and for interns who require a quick review ofba-
sic clinical anatomy.

This edition has been modified to reflect the reduced
amount of material required in modern curricula. No longer
i1s anatomic detail described that cannot be used in relation
to patients for the purpose of making diagnoses and insti-
tuting appropriate treatment. To further emphasize this
theme, the review questions at the end of each chapter are
increasingly centered around patients in a clinical setting.
Again, I thank the many students and instructors for their
written comments on how this book could be improved to
satisfy their needs.

The clinical anatomy has been presented in a condensed
form with numerous simple diagrams, radiographs, CT

scans, MRI studies, and sonograms. The extensive use ofta-
bles simplifies the learning of muscles and their actions and
nerve supplies and assists in the memorization of the
distribution of cranial and peripheral nerves. To emphasize
clinical relevance, short clinical notes are highlighted by the
use oficons, and the notes are enclosed in a gray box. Fora
more extensive review, this book can be used in con-
junction with the 7th edition of Clinical Anatomy, also pub-
lished by Lippincott Williams & Wilkins.

[ wish to express my sincere thanks to Ira Alan Grunther,
AMI, for his excellent artwork. To the staff of Lippincott
Williams & Wilkins, I wish to express my gratitude for their
patience and assistance throughout the preparation of this
new revised edition.

R.S.S.
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CHAPTER

Thorax

THORACIC WAILL
Bones of the Thoracic Wall

The bones of the thoracic wall consist of the sternum, the
ribs, and the costal cartilages (Fig. 1-1).

STERNUM

The sternum 1s a flat bone that is divided into three parts: the
manubrium, the body, and the xiphoid process.

Manubrium

The manubrium forms the upper part of the sternum. It ar-
ticulates with the body of the sternum at the manubrioster-
nal joint, and it also articulates with the clavicles and with
the first costal cartilage and the upper part of the second
costal cartilage on each side.

The sternal angle (angle of Louis) is formed by the ar-
ticulation of the manubrium with the body of the sternum
(Fig. 1-1). It is an important surface landmark, and it lies at
the level of:

1. The second costal cartilage.

2. The intervertebral disc between the fourth and fifth
thoracic vertebrae.

3. The junction of the ascending aorta and the aortic arch
and the junction of the aortic arch and the descending
thoracic aorta.

4. The bifurcation ofthe trachea.

. The junction of the superior mediastinum and the

inferior mediastinum (see p. 9).

)]

Body of the Sternum

The body of the sternum articulates above with the
manubrium at the manubriosternal joint and below with

the xiphoid process at the xiphisternal joint. On each side,
it articulates with the second to the seventh costal cartilages
(Fig. 1-1).

Xiphoid Process

The xiphoid process is a thin plate of cartilage thatbecomes
ossified atits proximal end during adult life. No ribs or costal
cartilages are attached to it.

@ CLINICAL NOTES

STERNUM AND MARROW BIOPSY

Because the sternum possesses red hemopoietic mar-
row throughout life, the body ofthe sternum is a com-
mon site for marrow biopsy.

RIBS

There are twelve pairs of ribs, all of which are attached pos-
teriorly to the thoracic vertebrae. Ribs are divided into three
categories:

* True ribs: The upper seven pairs are attached to the
sternum by their costal cartilages.

» False ribs: The eighth, ninth, and tenth pairs are attached
anteriorly to each other and to the seventh rib by their
costal cartilages and small synovial joints.

* Floating ribs: The eleventh and twelfth pairs have no
anterior attachment.

Typical Rib

The typical rib is a long, twisted flat bone with a rounded su-
perior border and a grooved inferior border (the costal

1
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Figure 1-1 A. Anterior view ofthe sternum. B. The sternum, ribs, and costal cartilages forming the thoracic skeleton.

groove), which accommodates the intercostal vessels and
nerve. The anterior end of each rib is attached to the
corresponding costal cartilage (Fig. 1-2).

Arib hasa head, neck, tubercle, shaft, and angle. The
head has two facets for articulation with the numerically
corresponding vertebralbodyand the vertebra immediately
above it. The tubercle has a facet for articulation with the
transverse process of the numerically corresponding
vertebra. The angle is where the shaft bends forward

sharply.

Atypical Rib

The first rib is important clinically because ofits close re-
lationship to the nerves of the brachial plexus and the sub-
clavian artery and vein. The rib 1s small and flattened from
above downward. The scalenus anterior i1s attached to its
upper surface and imner border. Anterior to the scalenus an-
terior, the subclavian vein crosses the rib; posterior to the
muscle attachment, the subclavian artery and lower trunk of
the brachial plexus lie in contact with the bone.

CERvICAL RiB

A cervical rib occurs in approximately 0.5% of per-
sons. It arises from the transverse process of the sev-
enth cervical vertebra. It may have a free anterior end,
may be connected to the first rib by a fibrous band, or
may articulate with the first rib. It also may cause pres-
sure on the lower trunk of the brachial plexus or the
subclavian artery, leading to symptoms and signs that
are referred to as the thoracic outlet syndrome.

COSTAL CARTILAGES

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



Joints of the Thoracic Wall
MANUBRIOSTERNALJOINT

The manubriosternal joint is a cartilaginous joint. The bony
surfaces are covered with hyaline cartilage and joined by a
disc of fibrocartilage. A small amount of movement is
possible during respiration.

@ CLINICAL NOTES

STERNAL ANGLE AS AN IMPORTANT
CLINICAL BONY LANDMARK

The position ofthe sternal angle—that is, the angle be-
tween the manubrium sterni and the body ofthe ster-
num—can be easily felt and 1s often seen as a trans-
verse ridge. It lies at the level of the second costal
cartilage and second rib. All other ribs and costal car-
tilages can be counted from this point.

XIPHISTERNALJOINT

The xiphisternal joint is a cartilaginous joint. The xiphoid
process usually fuses with the body of the sternum during
middle age.

facet for tubercle of rib

tubercle of rib

angle of rib

cross section of rib

neck of rib
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COSTOVERTEBRAL JOINTS

From the second to the ninth ribs, the head articulates by a
synovial joint with the corresponding vertebral body and
that of the vertebra above it. There is a strong intra-articu-
lar ligament that connects the head to the intervertebral
disc. The heads of'the first and the lowest three ribs have a
simple synovial joint with the corresponding vertebral body.

The tubercle of a rib articulates by a synovial joint with
the transverse process of the corresponding vertebra. (This
joint is absent on the eleventh and twelfth ribs.)

COSTOCHONDRALJ OINTS

Costochondral joints are cartilaginous joints. No movement
1s possible.

JOINTS OF THE COSTAL CARTILAGES WITH THE
STERNUM

The first costal cartilages articulate with the manubrium by
cartilaginous joints that permit no movement. The second to
the seventh costal cartilages articulate with the lateral bor-
der of the sternum by synovial joints. In addition, the sixth,
seventh, eighth, ninth, and tenth costal cartilages articulate
with one another along their borders by small synovial
joints. The cartilages of the eleventh and twelfth ribs are
embedded in the abdominal musculature.

demifacet for head of rib

body of vertebra

mtervertebral disc

head of rib

costal cartilage

costal groove

Figure 1-2 The fifth right rib as it articulates with the vertebral column posteriorly and with the
sternum anteriorly. Note that the rib head articulates with the vertebral body ofits own number
and with that ofthe vertebra immediately above. Note also the costal groove along the inferior

border of the rib.
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The raising and lowering ofthe ribs during respiration re-
sult in rotation ofthe neck ofeach rib around its own axis.

E‘%@)}: CLINICAL NOTES

THORACIC OUTLET SYNDROMES

The brachial plexus ofnerves (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 upper limb. It is here that the nerves or
blood vessels maybe compressed between the bones.

Muscles of the Thoracic Wall

The muscles of the thoracic wall are summarized in Table
1-1.

INTERCOSTAL SPACES

The spaces between the ribs contain three muscles of respi-
ration: the external intercostal, the internal intercostal, and
the innermost intercostal muscle. The innermost intercostal

Table 1-1 Muscles ofthe Thorax

>

Name of Muscle Origin

Insertion

muscle is lined internally by the endothoracic fascia and
parietal pleura. The intercostal nerves and blood vessels run
between the internal and the innermost intercostal muscles
(Fig. 14). They are arranged in the following order from
above downward: intercostal vein, intercostal artery, and in-
tercostal nerve (i.e., VAN).

E‘%—E{E)}! CLINICAL NOTES

NEEDLE THORACOSTOMY

A needle thoracostomy is necessary for patients with
tension pneumothorax or with a large hemothorax.
The purpose is to remove the air or blood to allow the
lung to reexpand. The needle should be kept close to
the upper border of'the rib to avoid injuring the inter-
costal vessels and nerve in the subcostal groove.

DIAPHRAGM

The diaphragm is the most important muscle of respiration
(Fig. 13). It is dome shaped, and it consists of a peripheral

Nerve Supply Action

Diaphragm Xiphoid process; lower six
costal cartilages; one to
three lumbar vertebrae
by crura and medial and
lateral arcuate

ligaments

Inferior border ofthe rib
above

Intercostal muscles
External intercostal
(fibers pass downward
and forward)

Internal intercostal (fibers Inferior border of the rib

pass downward and above
backward)
Innermost intercostal Adjacent ribs

(fibers pass transversely,
forms incomplete layer

lumbar spines

Central tendon

Superior border of
the rib below

Superior border of
the rib below

Adjacent ribs

ofmuscle)
Levatores costarum (twelve  Transverse processes of Superior border of Posterior rami of Elevate ribs
total) the seventh cervical to the ribs the thoracic
the eleventh thoracic spinal nerves
vertebra
Serratus posterior superior Ligamentum nuchae and Upper ribs Intercostal nerves Elevates ribs
upper thoracic spines
Serratus posterior inferior Lower thoracic and upper  Lower ribs Intercostal nerves Lowers ribs

Phrenic nerve Most important muscle of
inspiration, increases
vertical diameter ofthe
thorax by pulling down
the central tendon;
assists in raising lower
ribs

With the first rib fixed, they
raise ribs during
inspiration and thus
increase anteroposterior
and transverse diameters
ofthe thorax; with the
last rib fixed by
abdominal muscles, they
lower the ribs during
expiration

Assist the external
intercostal muscles

Intercostal nerves

Intercostal nerves

Assist external and internal
Intercostal muscles

Intercostal nerves
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Figure 1-3 The diaphragm as seen from below. The anterior portion of the right side has been re-
moved. Note the sternal, costal, and vertebral origins ofthe muscle and important structures that
pass through it.
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Figure 1-4 Cross section of the thorax showing the distribution ofa typical intercostal nerve and
ofa posterior and an anterior intercostal artery.
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muscular part and a centrally placed tendon. The origin of
the diaphragm is divided into three parts:

» A sternal part arising from the posterior surface of the
xiphoid process.

» A costal part arising from the deep surfaces of the lower
six ribs and their costal cartilages.

* A vertebral part arising from 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, and
it splits to enclose the esophagus. The left crus arises from
the sides ofthe bodies ofthe first two lumbar vertebrae and
the intervertebral disc. Lateral to the crura, the diaphragm
arises from the medial and the lateral arcuate ligaments. The
medial arcuate ligament extends from the side of the
body of the second lumbar vertebra to the transverse pro-
cess ofthe first lumbar vertebra, and the lateral arcuate lig-
ament extends from the transverse process of the first lum-
bar vertebra to the twelfth rib. The diaphragm i1s inserted
into a central tendon.

As seen from the front, the diaphragm curves up into
right and left domes. These domes support the right and left
lungs, whereas the central tendon supports the heart.

Nerve Supply
The phrenic nerve (C3-5).

Action

* Muscle of inspiration: On contraction, the diaphragm
pulls its central tendon down and increases the vertical di-
ameter of the thorax.

* Muscle of abdominal straining: The contraction of the
diaphragm assists the contraction ofthe muscles ofthe an-
terior abdominal wall in raising the intra-abdominal pres-
sure for micturition, defecation, and parturition.

 Weightdifting muscle: In a person taking a deep breath
and holding it (fixing the diaphragm), the diaphragm as-
sists the muscles of the anterior abdominal wall in raising
the intra-abdominal pressure to such an extent thatithelps
support the vertebral column and prevent its flexion.

* Thoracoabdominal pump: The descent of the di-
aphragm decreases the intrathoracic pressure and in-
creases the intra-abdominal pressure. This mechanism as-
sists the return of venous blood in the inferior vena cava to
the right atrium and the passage of lymph upward in the
thoracic duct.

Openings in the Diaphragm
Aortic Opening

The aortic opening lies anterior to the body of the twelfth
thoracic vertebra between the crura and transmits the aorta,
the thoracic duct, and the azygos vein.

Esophageal Opening

The esophageal opening lies at the level of the tenth tho-
racic vertebra in a sling of muscle fibers derived from the
right crus. It transmits the esophagus, the right and left vagus

nerves, the esophageal branches of the left gastric vessels,
and the lymphatic vessels from the lower third ofthe esoph-
agus.

Caval Opening

The caval opening lies at the level ofthe eighth thoracic ver-
tebra in the central tendon. It transmits the inferior vena
cava and the terminal branches ofthe right phrenic nerve.

In addition to these structures, the splanchnic nerves
pierce the crura, the sympathetic trunk passes posterior to
the medial arcuate ligament on each side, and the superior
epigastric vessels pass between the sternal and the costal
origins ofthe diaphragm on each side.

PENETRATING INJURIES OF THE DIAPHRAGM

Any penetrating wound to the chest below the level of
the nipples should be suspected ofcausing damage to
the diaphragm until proved otherwise. The arching
domes ofthe diaphragm can reach the level ofthe fifth
rib (the right dome can reach a higher level).

Blood Vessels of the Thoracic Wall
INTERCOSTAL ARTERIES AND VEINS

Each intercostal space possesses a large, single posterior
intercostal artery and two small anterior intercostal
arteries.

The corresponding posterior intercostal veins drain
into the azygos or hemiazygos veins. The corresponding an-
terior intercostal veins drain into the internal thoracic
and musculophrenic veins.

Posterior Intercostal Arteries

The posterior intercostal arteries (Fig. 14) of the first two
spaces are branches ofthe superior intercostal artery, which
in turn is a branch of'the costocervical trunk of the subcla-
vian artery. The posterior intercostal arteries of the lower
nine spaces are branches of the thoracic aorta.

Anterior Intercostal Arteries

The anterior intercostal arteries (Fig. 14) of the first six
spaces are branches of the internal thoracic artery. The an-
terior intercostal arteries ofthe lower spaces are branches of
the musculophrenic artery (one ofthe terminal branches of
the internal thoracic artery).

INTERNAL THORACIC ARTERY AND VEIN

Internal Thoracic Artery

The internal thoracic artery (Fig. 14) arises from the first
part ofthe subclavian artery. It descends directly behind the
first six costal cartilages and in front of the parietal pleura,
and it lies about a fingerbreadth lateral to the sternum. It ter-
minates in the sixth intercostal space by dividing into the su-
perior epigastric artery and the musculophrenic arteries.



Branches

e Anterior intercostal arteries supply the upper six inter-
costal spaces.

* Perforating arteries pierce the intercostal muscles and
supply the skin and the mammary gland.

* Pericardiophrenic artery supplies the pericardium and
the diaphragm.

 Mediastinal arteries supply the mediastinum, including
the thymus.

* Superior epigastric artery enters the rectus sheath and
supplies the upper part ofthe rectus muscle.

 Musculophrenic artery follows the costal margin on the
upper surface of the diaphragm and supplies the di-
aphragm and the lower intercostal spaces

Internal Thoracic Vein

The internal thoracic vein begins as venae comitantes ofthe
internal thoracic artery. The venae eventually join to form a
single vessel that drains into the brachiocephalic vein on
each side.

Lymphatic Drainage of the Thoracic
Wall

The skin ofthe anterior chest wall drains to the anterior ax-
illary lymph nodes. The skin of the posterior chest wall
drains to the posterior axillary nodes. (Lymphatic drainage
ofthe breast is described on p. 113.)

The intercostal spaces drain forward to the internal
thoracic nodes, which are situated along the internal tho-
racic artery, and posteriorly to the posterior intercostal
nodes, which is close to the heads ofthe ribs and the para-
aortic nodes in the posterior mediastinum.

Nerves of the Thoracic Wall
INTERCOSTAL NERVES

The intercostal nerves are the anterior rami of the first
eleven thoracic spinal nerves (Fig. 1-5). Each nerve enters
an intercostal space and runs forward inferiorly to the inter-
costal vessels in the subcostal groove of the corresponding
rib, between the innermost and the internal intercostal mus-
cles (Fig. 14).

The first six nerves are distributed within their intercostal
spaces. The seventh, eighth, and ninth intercostal nerves
leave the anterior ends oftheir intercostal spaces by passing
deep to the costal cartilages to enter the abdominal wall.
The tenth and eleventh nerves pass forward directly into the
abdominal wall.

Branches

e Collateral branch runs forward below the main nerve.

* Lateral cutaneous branch divides into anterior and pos-
terior branches that supply the skin.

 Anterior cutaneous branch forms the terminal part of
the main nerve. It divides into a medial and a lateral
branch, and it supplies the skin near the midline.

* Muscular branches run to the intercostal muscles.

CHAPTER 1 Thorax 7

* Pleural branches run to the parietal pleura, and peri-
toneal branches (seventh to eleventh intercostal
nerves only) run to the parietal peritoneum; these are
SENSOTy Nerves.

It should be noted that the seventh to eleventh intercostal
nerves supply the skin and parietal peritoneum covering the
outer and inner surfaces ofthe anterior abdominal wall, re-
spectively. The seventh to eleventh intercostal nerves also
supply the anterior abdominal muscles (external and inter-
nal oblique, transversus abdominis, and rectus abdominis
muscles).

The first and second intercostal nerves, however, are
exceptions. The first intercostal nerve gives rise to a large
branch (equivalent to the lateral cutaneous branch of typi-
cal intercostal nerves) that joins the anterior ramus of the
eighth cervical nerve to form the lower trunk ofthe brachial
plexus (see p. 144). The remainder of the first intercostal
nerve 1s small.

The second intercostal nerve is joined to the medial
cutaneous nerve of the arm by the intercostobrachial
nerve. The second intercostal nerve therefore supplies the
skin ofthe armpit and the upper medial side ofthe arm.

SKIN INNERVATION OF
THE CHEST WALL AND DISEASE

Above the level of the sternal angle, the nerve supply
to the skin of the anterior chest wall and shoulder re-
gion is derived from the supraclavicular nerves (C3
and 4). Referred pain from the gallbladder can be felt
on the point of the shoulder by way of these nerves
(see p. 56). Below the level ofthe sternal angle, the an-
terior and lateral cutaneous branches ofthe intercostal
nerves supply oblique bands ofskin (dermatomes) in
regular sequence. Since the seventh to the eleventh in-
tercostal nerves also supply dermatomes on the ante-
rior abdominal wall, muscles of the anterior abdomi-
nal wall, and parietal peritoneum, this fact becomes of
great clinical importance. Disease in the thoracic wall
may be revealed as pain in a dermatome that extends
across the chest wall into the abdominal wall.

@ CLINICAL NOTES

CORONARY HEART DISEASE AND
THE INTERCOSTOBRACHIAL NERVE

In coronary heart disease pain is often referred along
the intercostobrachial nerve to the medial side of the
arm.

THORACIC CAVITY

The thoracic cavity 1s divided into a median partition (the
mediastinum) and the laterally placed pleurae and lungs.
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Figure 1-5 A. Origin and distribution of a thoracic spinal nerve. B. Distribution oftwo intercostal
nerves relative to the rib cage. C. Section through an intercostal space that shows the positions of
the intercostal nerve, artery, and vein relative to the intercostal muscles.

The thoracic cavity communicates with the root of the
neck through an opening that clinicians call the thoracic
outlet. This opening is bounded posteriorly by the first tho-
racic vertebra, laterally by the medial borders ofthe first ribs
and costal cartilages, and anteriorly by the superior border
of the manubrium sterni. Through this opening pass the

esophagus, trachea, and many vessels and nerves. Because
of the obliquity of the opening, the apices of the lungs and
pleurae project upward into the neck.

Below, the thoracic cavity communicates with the ab-
domen through a large opening. This opening is bounded
posteriorly by the twelfth 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 as well as many large vessels
and nerves, all of which pierce the diaphragm.

Mediastinum

The mediastinum is an interpleural partition that extends su-
periorly to the thoracic outlet and the root of the neck and
inferiorly to the diaphragm. It extends anteriorly to the ster-
num and posteriorly to the vertebral column. It is divided
into the superior and inferior mediastina by an imagi-
nary plane passing from the sternal angle anteriorly to the
lower border ofthe body ofthe fourth thoracic vertebra pos-
teriorly (Fig. 1-6). The inferior mediastinum is further subdi-
vided into the middle mediastinum, which consists ofthe
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.

SUPERIOR MEDIASTINUM

The contents of the superior mediastinum, from anterior
to posterior, include the remains of thymus, brachio-
cephalic veins, the upper part of superior vena cava, the bra-
chiocephalic artery, the left common carotid artery, the left
subclavian artery, the arch ofthe aorta, both phrenic and va-
gus nerves, left recurrent laryngeal and cardiac nerves, the
trachea and lymph nodes, the esophagus and thoracic duct,
and sympathetic trunks.

manubrium

sternal angle

middle
mediastinum

xiphoid process /

diaphragm
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ANTERIOR MEDIASTINUM

The contents of the anterior mediastinum include the
sternopericardial ligaments, lymph nodes, and remains of
thymus.

MIDDLE MEDIASTINUM

The contents of the middle mediastinum include the peri-
cardium, the heart and roots of great blood vessels, phrenic
nerves, bifurcation oftrachea, and lymph nodes.

POSTERIOR MEDIASTINUM

The contents of the posterior mediastinum include the de-
scending thoracic aorta, esophagus, thoracic duct, azygos
and hemiazygos veins, vagus nerves, splanchnic nerves,
sympathetic trunks, and lymph nodes.

@ CLINICAL NOTES

DEFLECTION OF THE MEDIASTINUM

In the living, the mediastinum is very mobile. If air
should enter the pleural cavity as the result of chest
trauma or lung disease, the lung on that side collapses
and the mediastinum 1s displaced to the opposite
side. Thus on physical examination the trachea and
heart are found to be displaced to the opposite side.

> superior mediastinum

} inferior mediastinum

posterior mediastinum

Figure 1-6 Subdivisions ofthe mediastinum.
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Trachea and Bronchi
TRACHEA

The trachea isa mobile cartilaginous and membranous tube
(Fig. 1-7). It begins as a continuation of the larynx at the
lower border of the cricoid cartilage (level of the sixth cer-
vical vertebra), and it descends in the midline of the neck
and ends in the thorax by dividing into right and left princi-
pal (main) bronchi at the level ofthe sternal angle (the disc
between the T4-5 vertebrae).

terminal bronchiole

respiratory bronchiole

alveolar duct

alveolar sac

alveolus

The trachea i1s approximately 5 in. (13 cm) in length and
1 in. (2.5 cm) in diameter in adults. The fibroelastic tube has
Ushaped cartilaginous rings embedded in its wall.

Tracheal Relations in the Superior Mediastinum

« Anteriorly: Sternum, thymus, left brachiocephalic vein,
origins of brachiocephalic and left common carotid arter-
ies, and arch ofthe aorta.

* Posteriorly: Esophagus and left recurrent laryngeal

nerve.

lobar bronchus

segmental bronchus

Figure 1-7 The trachea, bronchi, bronchioles, alveolar ducts, alveolar sacs, and alveoli. Note the
path taken by inspired air from the trachea to the alveoli.



* Right side: Azygos vein, right vagus nerve, and pleura.

o Left side: Arch ofthe aorta, left common carotid, left sub-
clavian arteries, left vagus nerve, left phrenic nerve, and
pleura.

BRONCHI

Right Principal

The right principal (main) bronchus is wider, shorter,
and more vertical than the left principal bronchus. Before
entering the hilum ofthe right lung, it gives offthe superior
lobar bronchus. On entering the hilum, it divides into a
middle and an inferior lobar bronchus.

Left Principal

The left principal (main) bronchus is narrower, longer,
and more horizontal than the right principal bronchus. It
passes to the left below the arch ofthe aorta and in front of
the esophagus. On entering the hilum of the left lung, it
divides into a superior and an inferior lobar bronchus.

INHALED FOREIGN BODIES

Because the right bronchus is wider and more direct
continuation of the trachea, foreign bodies tend to en-
ter the right instead of the left bronchus. From there
theyusually pass into the middle or lower lobe bronchi.

Pleurae

The pleurae are two serous sacs surrounding and covering
the lungs (Fig. 18). Each pleura has two parts: a parietal
pleura, which lines the thoracic wall and covers the tho-
racic surface ofthe diaphragm and the lateral surface ofthe
mediastinum; and a visceral pleura, which covers the
outer surfaces of the lungs and extends into the interlobar
fissures. The parietal pleura becomes continuous with the
visceral pleura at the hilum ofeach lung. Here, they form a
cuff that surrounds the structures entering and leaving the
lung at the lung root. The pulmonary ligament is a loose
extension of this cuff below the lung root that allows
movement during respiration.

The pleural cavity (pleural space) is a slitlike space
that separates the parietal and the visceral pleurae. It nor-
mally contains a small amount of pleural fluid that lubri-
cates the apposing pleural surfaces. The costodiaphrag-
matic recess is the lowest area of the pleural cavity into
which the lungs expand during deep inspiration.

PNEUMOTHORAX

As the result of disease or injury, air can enter the pleu-
ral cavity from the lungs or through the chest wall; this
condition is known as pneumothorax.
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NERVE SUPPLY OF THE PLEURA

Parietal Pleura

The parietal pleura is sensitive to pain, temperature, touch,
and pressure. The costal pleura is supplied by the inter-
costal nerves, the mediastinal pleura by the phrenic nerve,
and the diaphragmatic pleura over the domes by the
phrenic nerve and around the periphery by the lower in-
tercostal nerves.

Visceral Pleura

The visceral pleura receives an autonomic nerve supply
from the pulmonary plexus. It is sensitive only to stretching.

ENDOTHORACIC FASCIA

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

Lungs

The lungs (right and left) are situated on each side of the
mediastinum (Fig. 1-8). Between them, in the mediastinum,
lie the heart and great vessels. The lungs are conical in
shape and are covered with visceral pleura. The lungs are
freely suspended, but they are attached by their roots to the
mediastinum.

Each lung has a blunt apex that projects upward into the
neck (Fig. 19) for approximately 1 in. (2.5 cm) above the
clavicle, a concave base that sits on the diaphragm, a con-
vex costal surface that corresponds to the concave chest
wall, and a concave mediastinal surface thatis molded to
the pericardium and other mediastinal structures. About the
middle of the mediastinal surface is the hilum, which is a
depression where the bronchi, vessels, and nerves enter the
lung to form the root.

The anterior border is thin and overlaps the heart, and
here, on the left lung, is a notch called the cardiac notch.
The posterior border is thick and lies beside the vertebral
column.

LOBES AND FISSURES

Right [ung

The right lung 1s slightly larger than the left lung, and it is di-
vided into the upper, middle, and lower lobes by the
oblique and the horizontal fissures (Fig. 19).

The oblique fissure runs from the inferior border up-
ward and backward across the medial and costal surfaces
until it cuts the posterior border. The horizontal fissure
runs horizontally across the costal surface to meet the
oblique fissure. The middle lobe is thus a small, triangular
lobe bounded by the horizontal and oblique fissures.

Left ung

The left lung is divided by only one fissure (the oblique
fissure) into two lobes, the upper and lower lobes.
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cervical pleura

parietal pleura

< mediastinal pleura

pleural cavity

costal pleura
visceral pleura

lung root right lung.

right phrenic nerve left phrenic nerve

parietal pericardium : N
visceral pericardium

costodiaphragmatic recess .. :
pericardial cavity

A diaphragm diaphragmatic pleura
parietal pleura descending thoracic aorta
visceral pleura esophagus
right oblique fissure~_ [ fis = L

right lung

left oblique fissure

: : parietal pericardium
right phrenic nerve

"

visceral pericardium

B < f_;‘;‘.‘.ii@ pericardial cavity

Figure 1-8 A. Coronal section ofthe thorax showing the arrangements ofthe visceral and parietal
layers of the pleura and ofthe serous pericardium. B. Horizontal section of the thorax showing the
arrangement of the pleura and the pericardium.
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sternal angle

upper lobe

cardiac notch

lower lobe

Yye

lower border of pleura

upper lobe

lower lobe

VHe

lower border of pleura

Figure 1-9 A. Surface markings ofthe lungs and parietal pleura on the anterior thoracic wall. B.
Surface markings of the lungs and parietal pleura on the posterior thoracic wall.

BRONCHOPULMONARY SEGMENTS

Bronchopulmonary segments are the anatomic, functional,
and surgical units of the lungs. Each lobar (secondary)
bronchus, which passes to a lobe of the lung, gives off
branches called segmental (tertiary) bronchi (Fig. 1-7).
Each segmental bronchus then enters a bronchopulmonary
segment. A bronchopulmonary segment has the follow-
ing characteristics:

e It is a subdivision ofa lung lobe.
It 1s pyramidal in shape, with its apex toward the lung
root.

* It is surrounded by connective tissue.

It has a segmental bronchus, a segmental artery, lymph
vessels, and autonomic nerves.

* The segmental vein lies in the connective tissue between
adjacent bronchopulmonary segments.

* Because it is a structural unit, a diseased segment can be
removed surgically.

BLOOD SUPPLY OF THE LUNGS

The bronchi, connective tissue, and visceral pleura are sup-
plied by the bronchial arteries, which are branches of the
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descending thoracic aorta. The bronchial veins drain into
the azygos and the hemiazygos veins.

The alveoli receive deoxygenated blood from the pul-
monary arteries. Two pulmonary veins leave each lungroot.

LYMPH DRAINAGE OF THE LUNGS

The lymph vessels originate in the superficial plexus and the
deep plexus and are not present in the alveolar walls. The
superficial plexus lies beneath the visceral pleura and
drains over the surface ofthe lung toward the hilum, where
the lymph vessels enter the bronchopulmonary nodes.
The deep plexus travels along the bronchi and pulmonary
vessels toward the hilum ofthe lung and passes through pul-
monary nodes within the lung substance; 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.

NERVE SUPPLY OF THE LUNGS

Each lung 1s supplied by the pulmonary plexus. The
plexus i1s formed by branches of the sympathetic trunk and
receives parasympathetic fibers from the vagus nerve.

PAIN AND LUNG DISEASE

[ung tissue and the visceral pleura are insensitive to
pain (supplied by autonomic nerves and devoid of
pain-sensitive nerve endings). Once lung disease
crosses the pleural cavity to involve the parietal
pleura, pain becomes a prominent feature (supplied
by intercostal and phrenic nerves with painsensitive
nerve endings).

MECHANICS OF RESPIRATION

Inspiration and expiration are accomplished by the alter-
nate increase and decrease in the capacity of the thoracic
cavity (1620 times per minute in normal, resting adults).

Quiet Inspiration

The vertical diameter of the thoracic cavity is increased by
the contraction and descent of the diaphragm. The antero-
posterior diameter is increased by raising the ribs and thrust-
ing the sternum forward through contraction of the inter-
costal muscles. The transverse diameter is increased by
raising the ribs (like bucket handles) through contraction of
the intercostal muscles.

Forced Inspiration

In addition to the muscles used in quiet inspiration, the
maximum increase in thoracic capacity is achieved by

contraction of the scalenus anterior and medius (raises
first rib), sternocleidomastoid (raises the sternum), and ser-
ratus anterior and pectoralis minor (raise the ribs) mus-
cles. If the upper limb is fixed, the sternal origin ofthe pec-
toralis major may also assist in elevating the sternum and
the ribs.

Quiet Expiration

Quiet expiration 1s a passive process accomplished by the
elastic recoil of the lungs and the relaxation of the inter-
costal muscles and diaphragm.

Forced Expiration

Forced expiration is an active process accomplished by
contraction of the muscles of the anterior abdominal wall
(forcing the relaxed diaphragm upward by raising intra-
abdominal pressure) and contraction of the quadratus
lumborum (pulling the twelfth rib downward). The latis-
simus dorsi muscle may also assist in pulling down the
lower ribs.

PERICARDIUM

The pericardium is a fibroserous sac that encloses the heart
and the roots of the great blood vessels (Fig. 1-10). It lies
within the middle mediastinum (Fig. 1-6).

parietal layer of
serous pericardium

large blood vessel

visceral layer of
serous pericardium
(epicardium)

fibrous
pericardium

pericardial cavity

Figure 1-10 Layers ofthe pericardium.



Fibrous Pericardium

The fibrous pericardium is the fibrous part ofthe pericardial
sac. It 1s strong and limits unnecessary movements of the
heart. It fuses above with the walls ofthe great blood vessels
(ascendingaorta, pulmonary trunk, superior and inferior ve-
nae cavae, and pulmonary veins), and it is firmly attached
below to the central tendon ofthe diaphragm. It is attached
anteriorly to the sternum by the sternopericardial
ligaments.

Serous Pericardium

The serous pericardium has both a parietal and a visceral
layer (Fig. 1-10). The parietal layer lines the fibrous peri-

superior vena cava

transverse sinus

right pulmonary veins

fibrous pericardium—jf -

parietal layer -\

of serous pericardium

right auricle

anulus ovalis

fossa ovalis
valve of
mferior vena cava

coronary sinus
inferior vena cava

cavity of

mferior vena
cava
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cardium and is reflected around the roots of the great ves-
sels to become continuous with the visceral layer, which
closely coversthe heart (the epicardium). The pericardial
cavity is the slitlike space between the parietal and the vis-
ceral layers. The pericardial fluid is the small amount of
fluid normally present in the pericardial cavity as a lubricant
to facilitate cardiac movements.

Pericardial Sinuses

The transverse sinus is a passage on the posterior surface
of the heart between the reflection of the serous peri-
cardium around the ascending aorta and the pulmonary
trunk and the reflection around the great veins (Fig. 1-11).
The oblique sinus is a recess formed by the reflection ofthe

pulmonary trunk

J_ left pulmonary
-~ artery

left
pulmonary
veins

oblique sinus

ascending

pulmonary trunk
left auricle

anterior cusp
of tricuspid valve

- chordae tendineae

left ventricle

apex of heart

right ventricle

B

moderator band

Figure 1-11 A. Great blood vessels and interior ofthe pericardium. B. Interior of the right atrium and right ventricle.
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serous pericardium around the venae cavae and the four
pulmonary veins (Fig. 1-11).

Nerve Supply of Pericardium

The phrenic nerves.

HEART

The heart is a hollow, muscular organ within the peri-
cardium in the middle mediastinum. It is somewhat pyrami-
dal in shape, and it has three surfaces: the sternocostal
(anterior), the diaphragmatic (inferior), and the base (pos-
terior). It also has an apex, which is directed downward, for-
ward, and to the left (Fig. 1-11). The apex of the heart lies
at the level of the fifth left intercostal space, approximately
3.51m. (9 cm) from the midline.

Structure

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 (Fig. 1-12). The walls of the
heart consist of three layers:

* The outer, visceral layer of serous pericardium (the epi-
cardium).

 The middle, thick layer of cardiac muscle (the my-
ocardium).

* The mner, thin layer (the endocardium).

The skeleton of the heart consists of fibrous rings that
surround the atrioventricular, pulmonary, and aortic ori-
fices and are continuous with the membranous upper part
ofthe ventricular septum.

Chambers
RIGHT ATRIUM

The right atrium lies anterior to the left atrium and consists of
a main cavity and an auricle (Fig. 1-11). At the junction of
these parts is an external vertical groove, the sulcus termi-
nalis, which on the inside forms a ridge, the crista termi-
nalis (the junction between the sinus venosus and the right
atrium proper). The part ofthe atrium posterior to the ridge
1s smooth walled, whereas the interior ofthe auricle is rough-
ened by bundles of muscle fibers, the musculi pectinati.

Openings

The superior vena cava opens into the upper part of the
right atrium; there is no valve. The inferior vena cava,
which actually i1s larger than the superior vena cava, opens
into the lower part of the right atrium; here, there 1s a
rudimentary valve.

The coronary sinus opens into the right atrium (Fig. 1-
11) between the inferior vena cava and the atrioventricular
orifice (Fig. 1-12). It is guarded by a rudimentary valve.

The right atrioventricular orifice lies anterior to the in-
ferior vena caval opening. It is guarded by the tricuspid
valve (Fig. 1-11).

There are also many orifices of small veins that drain the
wall ofthe heart and open directly into the right atrium.

Fetal Remnants

In addition to the rudimentary valve of the inferior vena
cava, there are the fossa ovalis and the anulus ovalis
(Fig. 1-11). These structures lie on the atrial septum, which
separates the right atrium from the left atrium. The fossa
ovalis is a shallow depression that is the site of the fora-
men ovale in the fetus. (Before birth, oxygenated blood
passed through this foramen from the right atrium into the
left atrtum.) The anulus ovalis forms the upper margin of
the fossa.

RIGHT VENTRICLE

The right ventricle forms the greater part ofthe anterior sur-
face ofthe heart, and it lies anterior to the left ventricle (Fig.
1-11). The right ventricle communicates with the right
atrium through the atrioventricular orifice and with the pul-
monary trunk through the pulmonary orifice. The approach
to the pulmonary orifice is funnel shaped and known as the
infundibulum.

The walls of the right ventricle are much thicker than
those of the right atrium. The internal surface shows pro-
jecting ridges called trabeculae carneae. There are three
types of these ridges:

» Papillary muscles are attached by their bases to the ven-
tricular wall. Their apices are connected by fibrous chords
(chordae tendineae) to the cusps ofthe tricuspid valve.

» The ridges are attached attheir ends to the ventricular wall
and are free in the middle. The moderate band is a large
ridge, and it is attached at its ends to the septal and the an-
terior ventricular walls. It conveys within it the right
branch ofthe atrioventricular bundle, which is part ofthe
conducting system ofthe heart.

» Simple, prominent projections.

Tricuspid Valve

The tricuspid valve guards the atrioventricular orifice (Fig. 1-
11). It consists of three cusps, the bases of which are at-
tached to the fibrous ring of the skeleton of the heart. To
their free edges and ventricular surfaces are attached the
chordae tendineae, which connect the cusps to the papil-
lary muscles. The cusps are the anterior, septal, and infe-
rior. The anterior cusp lies anteriorly; the septal cusp,
against the ventricular septum; and the inferior cusp,
inferiorly.

Pulmonary Valve

The pulmonary valve guards the pulmonary orifice, and the
three semilunar cusps of this valve are attached by their
curved, lower margins to the arterial wall. The open mouths
ofthe cusps are directed upward into the pulmonary trunk.
There are one posterior and two anterior semilunar cusps.
The pulmonary sinuses are three dilatations at the root of
the pulmonary trunk, with one being situated external to
cach cusp (see the section on the aortic valve).
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Figure 1-12 A. Anterior surface ofthe heart and great blood vessels. B. Posterior surface ofthe heart.
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LEFT ATRIUM

The left atrtum (Fig. 1-12) lies posterior to the right atrium. It
consists of a main cavity and an auricle. The interior of the
auricle possesses muscular ridges as in the right auricle.

Openings

The four pulmonary veins, two from each lung, open
through the posterior wall; there are no valves. The left
atrioventricular orifice is guarded by the mitral valve.

LEFT VENTRICLE

The left ventricle is situated largely behind the right ventri-
cle (Fig. 1-12). A small portion, however, projects to the left
and forms the left margin of the heart and the heart apex.
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 are three times
thicker than those ofthe right ventricle. There are trabecu-
lae carneae and two papillary muscles; however, there is
no moderator band. The aortic vestibule is the part of the
ventricle below the aortic orifice.

Mitral Valve

The mitral valve guards the atrioventricular orifice and con-
sists of two cusps, one anterior and one posterior. Attached
to the cusps are chordae tendineae and papillary muscles
similar to those in the tricuspid valve.

Aortic Valve

The aortic valve guards the aortic orifice and, as with the
pulmonary valve, consists of three semilunar cusps. One
cusp 1s located on the anterior wall, and two are located on
the posterior wall. Behind each cusp, the aortic wall bulges
to form an aortic sinus. The anterior aortic sinus gives rise
to the right coronary artery, and the left posterior sinus gives
rise to the left coronary artery.

HEART SOUNDS

The heart makes two sounds: lub, and dup. The first
sound 1s produced by the contraction ofthe ventricles
and the closure ofthe tricuspid and the mitral valves.
The second, shorter sound 1s produced by the sharp
closure ofthe aortic and the pulmonary valves.

The tricuspid valve is best heard over the right
halfofthe lower end ofthe body ofthe sternum.

The mitral valve is best heard over the apex beat
(i.e., at the level of the fifth left intercostal space, ap-
proximately 3.5 in. [9 cm] from the midline).

The pulmonary valve is best heard over the me-
dial end ofthe second left intercostal space.

The aortic valve 1s best heard over the medial end
ofthe second right intercostal space.

Conducting System

The conducting system of the heart is composed of
modified cardiac muscle.

SINUATRIAL NODE (PACEMAKER)

The sinuatrial node initiates the heartbeat. It is situated at the
upper part of the sulcus terminalis close to the opening of
the superior vena cava (Fig. 1-13). Itisusually supplied by the
right coronary artery but is sometimes supplied by the left.

ATRIOVENTRICULAR NODE

The atrioventricular node is in the lower part of the atrial
septum, just above the attachment ofthe septal cusp ofthe
tricuspid valve (Fig. 1-13). It receives its blood supply from
the right coronary artery.

ATRIOVENTRICULAR BUNDLE

The atrioventricular bundle is continuous with the atrioven-
tricular node above and with the fibers of the Purkinje
plexus below. It descends behind the septal cusp of the tri-
cuspid valve on the membranous part ofthe ventricular sep-
tum. On reaching the muscular part ofthe septum, it divides
into two branches (Fig. 1-13). The right bundle branch
passes to the right ventricle, and the left bundle branch
passes to the left ventricle. The atrioventricular bundle is the
only muscular connection between the myocardium of'the
atria and the myocardium ofthe ventricles.

The terminal branches of the atrioventricular bundle
spread out into the ventricular walls. There, they become
continuous with the fibers ofthe Purkinje plexus.

The atrioventricular bundle is supplied by the right coro-
nary artery. The right bundle branch is supplied by the left
coronary artery, and the left bundle branch is supplied by
the right and the left coronary arteries.

FAILURE OF THE CONDUCTING SYSTEM
OF THE HEART

The atrioventricular bundle is the only route by which
the cardiac impulse can spread from the atria to the
ventricles. Failure of the bundle to conduct the nor-
mal impulses results in alteration in the rhythmic con-
traction ofthe ventricles or, if complete bundle block
occurs, complete dissociation between the atria and
the ventricular rates of contraction.

Blood Supply of the Heart

ARTERIAL SUPPLY

Right Coronary Artery

The right coronary artery arises from the anterior aortic sinus
of the ascending aorta (Fig. 1-14). It descends in the right
atrioventricular groove and sends branches to the right
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Figure 1-13 The heart. Note the arrangement and positions ofthe different parts ofthe conducting system.

atrtum and ventricle. It ends by anastomosing with the left
coronary artery in the posterior interventricular groove.

Branches

* The right conus artery supplies the anterior surface of
the infundibulum ofthe right ventricle and the upper part
of the anterior wall of the right ventricle.

 The anterior ventricular branches are two or three in
number and supply the anterior surface of the right ven-
tricular. The marginal branch is the largest, and it follows
the lower margin ofthe costal surface to reach the apex.

* The posterior ventricular branches are usually two in
number and branches supply the diaphragmatic surface
of'the right ventricle.

* The posterior interventricular (descending) artery
runstoward the apex in the posteriorinterventricular groove
and sends branches to the right and the left ventricles.

 The atrial branches supply the anterior and the lateral
surfaces of the right atrium.

Left Coronary Artery

The left coronary artery arises from the left posterior aortic
sinus of the ascending aorta (Fig. 1-14). The left coronary
artery 1s larger than the right coronary artery. In the

atrioventricular groove, it divides into an anterior interven-
tricular branch and a circumflex branch.

Branches

e The anterior interventricular (descending) branch
runs downward in the anterior interventricular groove to
the apex of the heart. In most individuals, it then passes
around the apex of the heart, enters the posterior inter-
ventricular groove, and anastomoses with the terminal
branches of the right coronary artery. In one third of indi-
viduals, it ends at the apex ofthe heart. This branch sup-
plies the right and the left ventricles.

* The circumflex artery is the same size as the anterior in-
terventricular artery. It winds around the left margin ofthe
heart in the atrioventricular groove. Left marginal, ante-
rior ventricular, and posterior ventricular branches
supply the left ventricle, and atrial branches supply the
left atrium.

The arrangement just described 1s subject to variation. In
the case of “right dominance,” the posterior interventricular
artery 1s a large branch of the right coronary artery. In the
case of “left dominance,” the posterior interventricular
artery is a branch of'the left coronary artery.
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CORONARY ARTERY DISEASE

Although the coronary arteries have numerous anas-
tomoses at the arteriolar level, they are essentially
functional end arteries. A sudden block of one ofthe
large branches of either coronary artery will usually
lead to necrosis of the cardiac muscle in the vascular
arca, and often the patient dies.

VENOUS DRAINAGE

Most venous blood from the heart wall drains into the
right atrium through the coronary sinus (Fig. 1-14). The re-
mainder drains directly into the right atrium through the
anterior cardiac vein and small veins (the venae cordis
minimae).

superior vena cava\l

ascending aorta

right coronary artery ‘ N

Coronary Sinus

The coronary sinus lies in the posterior part of the atri-
oventricular groove. It is the largest vein draining the heart
wall (Fig. 1-14) and i1s a continuation of the great cardiac
veln.

Great Cardiac Vein

The great cardiac vein ascends from the apex of the heart
in the anterior interventricular groove (Fig. 1-14). It then
enters the atrioventricular groove, curves to the left side
and back of the heart, and empties into the coronary
sinus.

Middle Cardiac Vein

The middle cardiac vein runs from the apex ofthe heart in
the posterior interventricular groove and empties into the
coronary sinus (Fig. 1-14).
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Figure 1-14 A. The coronary arteries. B. The cardiac veins.



Small Cardiac Vein

The small cardiac vein accompanies the marginal artery
along the inferior border of the heart and empties into the
coronary sinus (Fig. 1-14).

Anterior Cardiac Vein

The anterior cardiac vein drains the anterior surface of the
right atrtum and the right ventricle. It empties directly into
the right atrium (Fig. 1-14).

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. The postganglionic sympathetic fibers ter-
minate on the sinoatrial and the atrioventricular nodes,
cardiac muscle fibers, and coronary arteries. Activation of
these nerves results in cardiac acceleration, increased
force of contraction by the cardiac muscle, and dilatation
of the coronary arteries. The parasympathetic fibers reach
the cardiac plexuses in the vagus nerves. Postganglionic
fibers terminate on the sinuatrial and the atrioventricular
nodes and on the coronary arteries. Activation of the
parasympathetic nerves results in a reduced rate and force
of contraction by the heart and a constriction of the coro-
nary arteries.

E‘%’ CLINICAL NOTES

CARDIAC PAIN

Pain originating in the heart as the result of ischemia
results in the stimulation ofthe sensory nerve endings
in the myocardium. The afferent nerve fibers ascend
to the central nervous system via the sympathetic
trunk and enter the spinal cord through the upper four
thoracic nerves. The pain varies considerably, from a
severe crushing pain to nothing more than a mild dis-
comfort. 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 in-
tercostal nerves and by the intercostobrachial nerve
(T2) are therefore mainly affected.

Gross Anatomic Changes in the Fetal
Circulation at Birth

When the umbilical cord is tied, the blood pressure in the
inferior vena cava immediately falls (Fig. 1-15). Coupled
with the increased left atrial pressure from the increased
pulmonary blood flow, this causes the foramen ovale to
close.

The diminished pulmonary vascular resistance associ-
ated with inflation of the lungs causes the direction of flow
through the ductus arteriosus to change from right to left to
the neonatal route ofleft to right. The ductus arteriosus con-
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stricts as a reaction of its muscle to the raised oxygen ten-
sion; it later closes and becomes the ligamentum arterio-
sum. In addition, the wall of the ductus venosus contracts,
and the lumen closes. Later, the ductus venosus becomes
fibrosed to form the ligamentum venosum.

E‘%’ CLINICAL NOTES

SOME IMPORTANT CONGENITAL DEFECTS
OF THE HEART AND GREAT VESSELS

Atrial Septal Defect

In 25% of individuals, the foramen ovale does not
completely close. When the opening is small, it has no
clinical significance. Occasionally, however, the open-
ing 1s large, and this results in oxygenated blood from
the left atrium passing into the right atrium (Fig. 1-16).

Ventricular Septal Defects

The ventricular septum is normally formed by fu-
sion of the small, membranous upper part with the
larger, lower muscular part. Ventricular septal defects
occur in the membranous part of the septum.
Oxygenated blood passes through the defect from left
to right, causing enlargement of the right ventricle.

Tetralogy of Fallot

The following four defects occur with tetralogy of
Fallot (Fig. 1-16):

e Large ventricular septal defeat.

 Stenosis ofthe pulmonary trunk.

» Exit of the aorta from the heart immediately above
the ventricular septal defect.

« Hypertrophy ofthe right ventricle (because ofthe re-
sulting high blood pressure in that ventricle).

Patent Ductus Arteriosus

Normally, the ductus arteriosus has closed by the
end ofthe first month after birth. Failure ofthe ductus
arteriosus to close results in aortic blood passing into
the pulmonary artery, which then raises the pressure
in the pulmonary circulation and causes hypertrophy
of'the right ventricle (Fig. 1-16).

Coarctation of the Aorta

Coarctation ofthe aorta is a narrowing of the aorta
just proximal, opposite, or distal to the site of attach-
ment of the ligamentum arteriosum (Fig. 1-16). It
arises after birth and is thought to result from the con-
traction of ductus arteriosus muscle tissue that has
been incorporated in the wall of the aorta. When the
ductus arteriosus contracts normally, the aortic wall
also contracts, and the aortic lumen narrows. Later fi-
brosis causes permanent narrowing.
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Figure 1-15. The circulatory system after birth.

LARGE VEINS OF THE THORAX

Brachiocephalic Veins

The right brachiocephalic vein is formed at the root ofthe
neck by the union of the right subclavian and the right in-
ternal jugular veins. The left brachiocephalic vein has a
similar origin on the left side ofthe root ofthe neck. It then
passes downward and to the right, where it joins the right
brachiocephalic vein to form the superior vena cava.

Superior Vena Cava

The superior vena cava is a large vein formed by the union
ofthe two brachiocephalic veins, and it descends vertically
to drain into the right atrium ofthe heart (Fig. 1-12). The azy-
gos vein joins the posterior aspect ofthe superior vena cava.

Azygos Vein

The azygos vein has a variable origin, but it 1s commonly
formed by the union ofthe right ascending lumbar vein
and the right subcostal vein. It ascends through the aortic
opening in the diaphragm, and at the level of the fifth tho-
racic vertebra, it arches forward to join the superior vena

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

Inferior Hemiazygos Vein

The mferior hemiazygos vein is formed by the union of the
left ascending lumbar vein and the left subcostal vein. It as-
cends through the left crus of the diaphragm to join the
azygos vein.

Superior Hemiazygos Vein

The superior hemiazygos vein is formed by the union ofthe
fourth with the eighth intercostal vein. It joins the azygos
veln.

Inferior Vena Cava

The inferior vena cava is formed in the abdomen (see p. 63).
It perforates the central tendon of the diaphragm and the
pericardium, and it then opens into the right atrium of the
heart.
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left recurrent laryngeal
nerve

Figure 1-16 A. The normal fetal heart. B. Atrial septal defect. C. Tetralogy of Fallot. D. Patent duc-
tus arteriosus. Note the close relationship with the left recurrent laryngeal nerve. E. Coarctation of

the aorta.

AZYGOS VEINS AND CAVAL OBSTRUCTION

In obstruction ofthe 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.

Pulmonary Veins

There are four pulmonary veins, two from each lung (Fig. 1-
12). They carry oxygenated blood from the lungs, and they
open into the left atrium ofthe heart.

LARGE ARTERIES OF THE THORAX

Aorta
The aorta may be divided into four parts:
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* The ascending aorta.
* The arch ofthe aorta.
e The descending aorta.
» The abdominal aorta.

The first three parts are in the thorax.

ASCENDING AORTA

The ascending aorta arises from the left ventricle and
ascends behind the sternum to the level of the sternal
angle, where it becomes continuous with the arch of
the aorta (Fig. 1-12). At its root it possesses three bulges
(the sinuses of the aorta), with one behind each aortic
cusp.

Branches

e The right coronary artery arises from the anterior aortic
sinus.

* The left coronary artery arises from the left posterior aor-
tic sinus.

ARCH OF THE AORTA

A continuation of the ascending aorta, the arch of the
aorta arches upward, backward, and to the left behind the
manubrium sterni and in front of the trachea. At the level
of the sternal angle, it becomes continuous with the de-
scending aorta. The arch is related inferiorly to the root of
the left lung, the ligamentum arteriosum, the left recurrent
laryngeal nerve, and the bifurcation of the pulmonary
trunk.

Branches

Three branches arise from the convex surface of the aortic
arch (Fig. 1-12):

* The brachiocephalic artery.
* The left common carotid artery.
e The left subclavian artery.

DESCENDING AORTA

The descending thoracic aorta begins as a continuation of
the arch ofthe aorta on the left side of the lower border of
the body ofthe fourth thoracic vertebra (level of sternal an-
gle). It descends through the posterior mediastinum until
reaching the anterior surface of the twelfth thoracic verte-
bra. Here, it enters the abdomen behind the diaphragm
(passing through the aortic opening) in the midline and
becomes continuous with the abdominal aorta.

Branches

« The posterior intercostal arteries, which pass to the
lower nine intercostal spaces on each side.

* The subcostal arteries, which are given off on each side
and run along the lower border of the twelfth rib to enter
the abdominal wall.

* The pericardial arteries.

 The esophageal arteries.

* The bronchial arteries.

Pulmonary Trunk

The pulmonary trunk conveys deoxygenated blood from the
right ventricle to the lungs. It ascends from the right ventricle,
and it terminates in the concavity of the aortic arch by divid-
ing into the right and the left pulmonary arteries (Fig. 1-12).

The ligamentum arteriosum is a fibrous band that con-
nects the bifurcation ofthe pulmonary trunk with the lower
surface of the aortic arch (Fig. 1-12). It 1s the remains of the
ductus arteriosus (p. 21).

BRANCHES

The right and left pulmonary arteries enter the root of
their respective lungs, where they divide into branches for
each lobe.

LYMPH NODES AND VESSELS OF
THE THORAX

Lymph Nodes
INTERNAL THORACIC NODES

Five in number, the internal thoracic nodes lie alongside the
internal thoracic artery. They drain lymph from the medial
quadrants of the breast, the deep structures of the anterior
thoracic and abdominal walls (down as far as the umbili-
cus), and the upper surfaces ofthe liver.

INTERCOSTAL NODES

The intercostal nodes lie close to the heads ofthe ribs. They
receive lymph from the intercostal spaces and the breast.

DIAPHRAGMATIC NODES

The diaphragmatic nodes lie on the upper surface ofthe di-
aphragm. They drain lymph from the diaphragm and the up-
per surface ofthe liver.

BRACHIOCEPHALIC NODES

The brachiocephalic nodes lie alongside the brachio-
cephalic veins. They drain lymph from the thyroid and the
pericardium.

POSTERIOR MEDIASTINAL NODES

The posterior mediastinal nodes lie alongside the descend-
ing aorta. They drain lymph from the esophagus, the
pericardium, and the diaphragmatic nodes.

TRACHEOBRONCHIAL NODES

The tracheobronchial nodes lie alongside the trachea and
the bronchi. They drain lymph from the lungs, the trachea,
and the heart.

Lymph Vessels

THORACIC DUCT

In the root ofthe lefi side ofthe neck, the thoracic duct con-
veys lymph to the blood. The lymph originates in the lower



limbs; the pelvic cavity; the abdominal cavity; the left side of
the thorax; and the left side ofthe head, neck, and left upper
limb (Fig. 1-17).

The thoracic duct begins in the abdomen as a dilated
sac, the cisterna chyli. It ascends through the aortic open-
ing in the diaphragm on the right side of the descending
aorta. It eventually reaches the left border ofthe esophagus,
and it then follows the esophagus to the root of the neck.
Here, it turns laterally behind the carotid sheath and enters
the beginning ofthe left brachiocephalic vein.

At its termination, the thoracic ductreceives the left jugu-
lar, subclavian, and mediastinal lymph trunks, but these
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trunks may drain independently into neighboring large
veins in this region.

RIGHT LYMPHATIC DUCT

In the root of the right side of the neck, the right lymphatic
duct conveys lymph to the blood from the right side of the
head and neck, the right upper limb, and the right side ofthe
thorax. This duct is approximately 0.05 in. (1.3 cm) in
length, and it opens into the beginning of the right brachio-
cephalic vein (Fig. 1-17).

lumbar
trunks

. ) f () vessels passing from the posterior
/‘4” _',!!,' to the anterior surface of the limb
7/ 07 /’f Y,
5% //, ¥ t:
v W lymph vessels

Figure 1-17 A. The thoracic and right lymphatic ducts with their main tributaries. B. Arcas ofthe
body drained by the thoracic duct (clear) and the right lymphatic duct (black).
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Figure 1-18 The efferent part ofthe autonomic nervous system. Note the preganglionic parasympa-
thetic fibers (solid black), postganglionic parasympathetic fibers (interrupted black), preganglionic
sympathetic fibers (solid black), and postganglionic parasympathetic fibers (interrupted black).

Sometimes, the right lymphatic duct 1s absent. In these
individuals, the right jugular, right subclavian, and right
bronchomediastinal trunks open independently into the
great veins at the root ofthe neck.

LARGE NERVES OF THE THORAX

Vagus Nerves

The right vagus nerve crosses the anterior surface of the
subclavian artery and descends laterally to the trachea and

medially to the azygos vein. It runs behind the root of the
right lung and contributes to the pulmonary plexus, then
passes onto the posterior surface ofthe esophagus and con-
tributes to the esophageal plexus. Finally, it leaves the tho-
rax and enters the abdomen behind the esophagus, passing
through the esophageal opening ofthe diaphragm (see Fig.
6-18).

The left vagus nerve descends into the thorax between
the left common carotid and the left subclavian arteries. It
crosses the left side ofthe aortic arch, descends behind the
root of the left lung, and contributes to the pulmonary



plexus. The left vagus then passes down on the anterior
surface ofthe esophagus and contributes to the esophageal
plexus. Finally, it enters the abdomen through the
esophageal opening ofthe diaphragm in front ofthe esoph-
agus. (The abdominal course is shown in Figure 6-18.)

BRANCHES

* Recurrentlaryngeal nerves. The left recurrent laryngeal
nerve arises from the vagus nerve as the latter crosses the
arch ofthe aorta. It hooks beneath the arch behind the lig-
amentum arteriosum and then ascends into the neck be-
tween the trachea and the esophagus. ( The right recurrent
laryngeal nerve arises from the right vagus nerve in the
neck and hooks around the subclavian artery.)

* Cardiac branches. Two or three branches arise from the
vagus nerve in the neck and descend into the thorax to
end in the cardiac plexuses.

* Pulmonary branches.

 Esophageal branches.

The vagus nerves thus supply the thorax, the heart, the
trachea, the bronchi, the lungs, and the esophagus with
parasympathetic and sensory nerve fibers.

Phrenic Nerves

The phrenic nerves arise in the neck from the anterior rami
of the third, fourth, and fifth cervical nerves.

The right phrenic nerve descends in the thorax along
the right side ofthe superior vena cava and in front of the

posterior root

afferent
neuron

connector neuron
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root ofthe right lung. It then passes over the pericardium to
the diaphragm.

The left phrenic nerve descends along the left side of
the left subclavian artery and crosses the left side ofthe aor-
tic arch and the left vagus nerve. It passes in front of the
root of the left lung and then descends on the pericardium
to the diaphragm.

The phrenic nerve is the only motor nerve supply to the
diaphragm. It also sends sensory branches to the peri-
cardium, the mediastinal parietal pleura, and the pleura and
peritoneum covering the upper and lower surfaces of the
central part ofthe diaphragm.

Thoracic Part of Sympathetic Trunk

The thoracic part of the sympathetic trunk, which is the
most lateral structure in the mediastinum, runs downward
on the heads of the ribs. It leaves the thorax by passing be-
hind the medial arcuate ligament and then becomes con-
tinuous with the lumbar part of the sympathetic trunk. The
trunk has 11 or 12 segmentally arranged ganglia (Fig. 1-18).
The first ganglion is often fused with the inferior cervical
ganglion to form the stellate ganglion.

BRANCHES

* The white rami communicantes join each ganglion to a
corresponding thoracic spinal nerve. A white ramus con-
tains preganglionic nerve fibers and afferent sensory nerve
fibers (Fig. 1-19).

lateral gray
column(horn)

gray ramus

white ramus

sympathetic connector sympathetic trunk
anterior root neuron
muscle % A\ afferent neuron
sympathetic ganglion

VISCUS

Figure 1-19 General arrangement of the somatic (left) and autonomic (right) parts of the nervous system.
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* The gray rami communicantes join each ganglion to a
corresponding thoracic spinal nerve. A gray ramus
contains postganglionic nerve fibers.

* The cardiac, aortic, pulmonary, and esophageal
branches arise from the first five ganglia.

e The splanchnic nerves descend and pierce the crura of
the diaphragm to supply abdominal viscera. The greater
splanchnic nerve arises from ganglia 5 to 9, the lesser
splanchnic nerve from ganglia 10 and 11, and the
lowest splanchnic nerve from the last thoracic gan-
glion.

ESOPHAGUS
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The esophagus is a muscular tube approximately 10 . (25
cm) in length that is continuous above with the pharynx op-
posite the sixth cervical vertebra. It passes through the di-
aphragm at the level of the tenth thoracic vertebra to join
the stomach, and 1t has three constrictions:

 Where it begins.
 Where it 1s crossed by the left bronchus.
* Where it pierces the diaphragm.

The esophagus descends through the thorax behind the
trachea, the left bronchus, and the left atrtum of the heart
(Fig. 1-8).

Blood Supply

» Upper third: Inferior thyroid artery.

 Middle third: Branches from the descending thoracic
aorta.

* Lower third: Left gastric artery.

The veins from the upper third drain into the inferior thy-
roid veins, from the middle third into the azygos veins, and
from the lower third into the left gastric vein, which is a trib-
utary of the portal vein.

S .—0)) CLINICALNOTES

LOWER THIRD OF ESOPHAGUS AS SITE OF
PORTOSYSTEMIC ANASTOMOSIS

At the lower third of the esophagus, the tributaries of
the azygos veins (systemic circulation) anastomose
with the left gastric vein, a tributary of the portal vein.
Should the portal vein become obstructed, the veins
at the site of the portosystemic anastomosis become
dilated and varicosed as the result of the increased
flow ofblood. This pathologic change is an attempt to
return the portal blood to the systemic circulation
without going through the normal obstructed channel
through the liver.

Lymphatic Drainage

« Upper third: Deep cervical lymph nodes.

* Middle third: Superior and posterior mediastinal lymph
nodes.

* Lower third: Left gastric nodes and celiac nodes in the
abdomen.

Nerve Supply

Parasympathetic and sympathetic nerves, including bran-
ches from the recurrent laryngeal nerves, the vagus nerves,
the sympathetic trunks, and the greater splanchnic nerves.

THYMUS
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The thymus is a flattened, bilobed structure between the
sternum and the pericardium. It continues to grow until
puberty and i1s an important source of Tdymphocytes.

REVIEW
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Matching Questions

Match the numbered structures shown on the posteroanterior
radiograph of the thorax with the appropriate lettered
structures.




1. Structure 1 A. Trachea
2. Structure 2 B. Pulmonary trunk
3. Structure 3 C. Rightatrium
4. Structure 4 D. Clavicle
5. Structure 5 E. Left ventricle
6. Structure 6 F. Superior vena cava
7. Structure 7 G. Aortic arch
8. Structure 8 H. First rib
I. Right ventricle
J. None ofthe above

Match the numbered structures shown on the CT scan ofthe
thorax with the appropriate lettered structures.

9. Structure 1 A. Body ofthoracic vertebra
10. Structure 2 B. Bifurcation oftrachea
11. Structure 3 C. Descending thoracic aorta
12. Structure 4 D. Right pulmonary artery
13. Structure 5 E. Ascending aorta

F.

None ofthe above

Match the numbered structures shown on the aortic arch
angiogram with the appropriate lettered structures.
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14.
15.
16.
17.
18.
19.

Structure 1
Structure 2
Structure 3
Structure 4
Structure 5
Structure 6

OTMHOOW >
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Right internal thoracic artery
Left subclavian artery

Right vertebral artery
Suprascapular artery

Left common carotid artery
Arch ofaorta
Brachiocephalic artery

Match the numbered structures shown on the oblique
radiograph of the thorax with the appropriate lettered
structures. (Note the barium swallow also shown.)

20.
21.
22.
23.
24.

Structure 1
Structure 2
Structure 3
Structure 4
Structure 5

A.
B.
C.
D.
E.
F.

Gas bubble in fundus of stomach
Right dome of diaphragm
Esophagus

Trachea

Right ventricle

Superior vena cava

Match the valves of the heart on the left with the areas on the
chest wall where they are best heard with a stethoscope on
the right.

25. Tricuspid valve

26. Mitral valve
27. Pulmonary valve

28. Aortic valve

A. Second right intercostal
space

B. Lower end of sternum

C. Fifth left intercostal space

valve 3.5 1n. (9 cm) from the

midline

Second left intercostal space

Sixth left intercostal space

3.51n. (9 cm) from the

midline

m O
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Match the structures on the left with the regions ofthe heart
on the right. (Each lettered region may be used more than
once.)

29. Moderator band A. Left ventricle

30. Sinuatrial node B. Right ventricle
31. Bicuspid valve C. Leftatrium
32. Aortic vestibule D. Right atrium
E. Rightside of membranous

part of interventricular
septum

Match the structures on the left with the appropriate
sympathetic ganglia on the right.

33. Lowest splanchnic A. T4
nerve

34. Sympathetic
innervation
to the head
and neck

35. Lesser splanchnic
nerve

36. Greater splanchnic

nerve

B. T5-9

C. Ti12
D. TI0-11

E. None ofthe above

Multiple-Choice Questions

Select the best answer for each question.

37. The following statements concerning the right tracheo-
bronchial lymph nodes are correct except which?

A. They could become enlarged as the result of inva-
sion of malignant tumor cells from the middle lobe
ofthe right lung,.

B. They could become enlarged as the result of inva-
sion of malignant tumor cells from the inferior lobe
ofthe right lung.

C. They are situated alongside the trachea and the
bronchi.

D. Theydrain lymph from the lower end ofthe trachea.

E. Theydo notdrain lymph from the heart.

38. The following structure(s) may press against the esoph-
agus during the passage ofa bartum meal except which?
A. Left ventricle
B. Left principal bronchus and aorta
C. Margins of the esophageal opening in the di-

aphragm

D. Muscular fibers ofthe lower end ofthe pharynx
E. Left atrium

39. The following statements concerning coarctation (nar-
rowing) ofthe aorta are correct except which?
A. The third to the eleventh posterior intercostal arter-
ies have a diminished blood flow.
B. The first and second posterior intercostal arteries
will have a diminished blood flow.
C. The narrowing of'the aorta lies just proximal, oppo-

40.

41].

42.

43.

site, or distal to the site of attachment of the liga-
mentum arteriosum.

D. The narrowing takes place after birth.

E. The condition is thought to result from contraction
of ductus arteriosus muscle tissue.

The following statements concerning an intercostal

space are correct except which?

A. The anterior intercostal arteries of the lower five in-
tercostal spaces are branches of the muscu-
lophrenic artery.

B. The sensory fibers in the lower five intercostal
nerves supply the skin ofthe lateral thoracic and an-
terior abdominal walls.

C. The posterior intercostal arteries of the lower nine
spaces are branches ofthe thoracic aorta.

D. Throughout an intercostal space, the intercostal
nerves and blood vessels lie close to the upper bor-
der of the lower rib.

E. The intercostal nerves and blood vessels run be-
tween the internal and the innermost intercostal
muscles.

The following statements concerning the positions of
thoracic structures at different phases of respiration are
correct except which?

A. The trachea bifurcates opposite the manubrioster-
nal angle in the midrespiratory position.

B. On full inspiration, the lower margin ofthe left lung
could extend down the midclavicular line to the
eighth costal cartilage.

C. The lower margin ofthe right lung in the midclavic-
ular line could cross the sixth rib in the midrespira-
tory position.

D. The apex of the heart can usually be felt in the
sixth left intercostal space in the midrespiratory
position.

E. On full expiration the right dome ofthe diaphragm
may extend up as far as or beyond the upper border
ofthe fifth rib.

The following statements concerning the heart are cor-

rect except which?

A. The first sound ofthe heartis lub and is produced by
the contraction of the ventricles and the closure of
the tricuspid and mitral valves.

B. The second shorter sound ofthe heart is dup, which
1s produced by the sharp closure of the aortic and
pulmonary valves.

C. The pulmonary valve has two semilunar cusps.

D. The left atrium lies posterior to the right atrium.

E. The apex beat ofthe heart is best felt by asking the
patient to sit up and lean forward.

The following statements concerning the structure of

the heart are correct except which?

A. The trabeculae carneae are internal surface struc-
tures of both the left and the right ventricles.

B. The pericardial cavity is the potential space be-
tween the fibrous and the serous pericardia.

C. The coronary arteries are functional end arteries.
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45.

46.

47.

48.

D. The sinuatrial node 1s supplied by the right and
sometimes the left coronary artery.

E. The four pulmonary veins open through the poste-
rior wall of the left atrium and there are no valves.

The following statements regarding the innervation of

thoracic structures are correct except which?

A. The lung and visceral pleura are innervated by the
autonomic nerves and are not sensitive to sensa-
tions of temperature, touch, and pressure.

B. The motorinnervation ofthe diaphragm is provided
by the third, fourth, and fifth cervical spinal nerves
and by the lower six intercostal nerves.

C. The sensory nerve supply to the mucous membrane
ofthe lower part ofthe trachea is from the vagus and
the recurrent laryngeal nerves.

D. The nerve supply of the pericardium 1s the phrenic
nerves.

E. The sinuatrial node is supplied by sympathetic and
parasympathetic nerves via the cardiac plexuses.

The following statements concerning thoracic struc-

tures are correct except which?

A. The carina is the name given to the site of bifurca-
tion ofthe trachea.

B. The ligamentum arteriosum i1s the remains of the
ductus arteriosus.

C. The ductus arteriosus is formed from the sixth left
pharyngeal arch.

D. The thymus lies in the middle mediastinum.

E. The thymus receives its arterial supply mainly
from the internal thoracic arteries.

The following events occur on inhalation except which?

A. The diaphragm descends.

B. The external intercostal muscles contract.

C. The abdominal muscles contract and push the ab-
dominal viscera cranially.

D. The ribs are raised.

E. The vertical dimension of the thoracic cavity in-
creases.

When passing a needle through the chest wall and into
the pleural cavity in the midaxillary line, the following
structures will be pierced except which?

The external intercostal muscle

The skin

The parietal pleura

The levator costarum

The internal intercostal muscle

moOws

The following statements concerning the bronchopul-

monary segments are correct except which?

A. Itis a subdivision ofa lung lobe.

B. It is pyramidal in shape, with its apex toward the
lung surface.

C. Itissurrounded by connective tissue.

D. It has a segmental bronchus, a segmental artery,
lymph vessels, and autonomic nerves.

E. When diseased, it can be removed surgically as a
structural unit.

49.

50.

51.

52.

53.
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The following statements concerning the main bronchi

are correct except which?

A. The right main bronchus is wider than the left main
bronchus.

B. The right main bronchus is shorter than the left main
bronchus.

C. The right main bronchus is more vertical in position
than the left main bronchus.

D. The left main bronchus passes to the left in front of
the esophagus.

E. The left main bronchus gives off the superior lobar
bronchus before entering the hilum ofthe lung.

The following statements concerning the diaphragm are

correct except which?

A. The diaphragm is a thin musculotendinous sheet
that can be ruptured by extreme pressure applied
from below.

B. On contraction, the diaphragm increases the in-
trathoracic pressure.

C. The right crus provides a sphincterdike mechanism
for the esophagus.

D. On contraction, the diaphragm assists in the return
of venous blood to the right atrium and of lymph to
the thoracic duct.

E. When viewed from in front, the central tendon of
the diaphragm lies behind the xiphisternal joint.

The following statements concerning the lungs are cor-

rect except which?

A. FEach lung is very elastic, and should the thoracic
cavity be opened by a stab wound, the lung shrinks
to one third or less in volume.

B. The cardiac notch lies in the lower lobe of the left
lung.

C. The visceral pleura covering each lung lines the fis-
sures that are situated between the lobes.

D. The apex of each lung extends up into the root of
the neck and lies anterior to the lower roots of the
brachial plexus.

E. The bronchi, connective tissue, and visceral pleura
ofthe lungs are supplied by the bronchial arteries.

With aging, the following detrimental changes occur in
the thorax except which?

A. The ribs and the costal cartilages become more
rigid.

The elastic tissue in the lungs tends to degenerate.
The manubriosternal joint becomes more mobile.
The thoracic and the abdominal muscles tend to
atrophy.

E. The xiphoid process becomes ossified.

Onw

The following anatomic events occur at the level ofthe

sternal angle (angle of Louis) except which?

A. The right and the left pulmonary arteries enter the
lungs.

B. The right recurrent laryngeal nerve arises from the
right vagus nerve.

C. The trachea bifurcates.
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55.

56.

57.

58.
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D. The ascending aorta becomes continuous with the
arch ofthe aorta.

E. The second costal cartilages articulate with the
sternum.

The following structures open into the right atrium ex-
cept which?

A. The superior vena cava

The coronary sinus

The anterior cardiac vein

The inferior vena cava

The right pulmonary veins

monw

The conducting system of'the heart is composed of'the
following structures except which?

A. The Purkinje plexus

The deep cardiac plexus

The sinuatrial node

The atrioventricular bundle

The atrioventricular node

m OO w

The following anatomic facts regarding the right coro-

nary artery are correct except which?

A. It gives rise to a marginal branch.

B. It passes forward between the right auricle and the
pulmonary trunk.

C. It givesrise to an anterior interventricular branch.

D. It arises from the anterior aortic sinus.

E. It descends in the right atrioventricular groove.

During fetal life, the following facts regarding the circu-

latory system are correct except which?

A. The blood passing through the foramen ovale 1s
more oxygenated than that passing through the right
atrioventricular orifice.

B. The direction ofblood flow through the ductus arte-
riosus is from right to left.

C. The ductus venosus permits blood to bypass the
liver.

D. The blood in the abdominal aorta is relatively more
oxygenated than that in the internal carotid arteries.

E. The valve ofthe inferior vena cava deflects blood to-
ward the foramen ovale.

Pain arising in the heart is commonly referred to the fol-
lowing skin areas except which?

Up into the neck and jaw

Down the medial side ofthe arm

The point of the shoulder

The epigastric area

Over the sternum

moOwx

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

59.

A patient is examined in the standing position
with a left-sided pleurisy.

Where would you expect the pleural fluid to gravitate
down to?

A. The oblique fissure

B. The cardiac notch

C. The costomediastinal recess
D. The costodiaphragmatic recess
E. The horizontal fissure

Apatientwas seen in the Emergency Department
in cardiac arrest.

60. During cardiopulmonary resuscitation the posterior sur-

face of the heart was compressed by which of the fol-
lowing structures?

The body ofthe sternum

The heads ofthe ribs

The tracheal bifurcation

The inferior vena cava

The bodies ofthe vertebrae

moaOws

A patient was admitted into hospital with acute
pericarditis. Because the movements of the
heart were compromised by the excess of fluid
in the pericardial cavity, and the cause of the in-
fection was unknown, it was decided to perform
a pericardiocentesis. Aspecimen ofthe fluid was
kept for bacteriological examination.

61. Pericardiocentesis is best performed by passing a nee-

dle through

A. the fourth intercostal space.

B. the sixth intercostal space at the left paravertebral
border.

C. the second intercostal space at the midclavicular
line.

D. the subcostal angle.

E. the second intercostal space at the right sternal
angle.

Apatient was seen in the emergency department
with a myocardial infarction. After a thorough
clinical examination, including an electrocardio-
gram, it was concluded that the anterior inter-
ventricular branch ofthe left coronary artery was
occluded.

62. From the areas ofthe heart listed below select the one

most likely to be involved.

A. The entire diaphragmatic surface ofthe left ventricle

B. The anterior part of the ventricular septum and
the anterior (septal) papillary muscle of the left
ventricle

C. The posterior wall ofthe right atrium

D. The atrioventricular bundle

E. The right auricle

A 4-year-old boy with cyanosis was examined by
a pediatrician. The child had apparently become
cyanotic during his 1st year of life. Since that
time, sudden attacks of breathlessness had oc-
curred on exertion. After a careful workup, a di-
agnosis of tetralogy of Fallot was made. In this
congenital anomaly of the heart there are four
cardiac defects.



63. Which ofthe following is the most characteristic of the

64. When the thoracotomy incision was made to enter the
pleural cavity, the following structures were incised ex-

635.

66. In this case, the following structure(s) located behind
the body of the sternum and the left ribs could have

condition?

A. Pulmonary stenosis with hypertrophy of the right

ventricle

Large atrial septal defect

Hypertrophy ofthe left ventricle
Stenosis of the aorta

High blood pressure in the left ventricle

moNw

A 22-year-old man was seen in the emergency
department after a street shootout. The patient
showed signs of severe hemorrhagic shock. A
small entrance wound was found in the third left
intercostal space approximately 1 in. (2.5 cm)
from the lateral margin ofthe sternum, but there
was no exit wound. The left side of his thorax
was dull on percussion, and breath sounds were
absenton thatside ofthe chest. It was decided to
open the chest (thoracotomy) through the fourth
left intercostal space, after which it was found
that the left atrium had been perforated by the
bullet.

cept for which one?
A. The skin and subcutaneous tissue

B. The pectoral muscles and the serratus anterior

muscle
. The latissimus dorsi muscle

C
D. The external intercostal muscle and the anterior

intercostal membrane

E. The internal intercostal and innermost intercostal

muscles
F. The endothoracic fascia and the parietal pleura

The following important structures are in the region of

the thoracotomy incision except which one?
The internal thoracic artery

The intercostal nerve

The superior epigastric artery

The intercostal artery

The intercostal vein

moaws

A 35-year-old woman was seen in the emer-
gency department after an automobile accident.
While driving her car, she had been wearing a
lap belt but without the shoulder strap; she hit a
utility pole head-on. Examination ofthe thoracic
cage revealed a fracture of the body of the ster-
num and ofthe third and the fourth left ribs.

been injured except which one(s)?
The pericardium

The right ventricle ofthe heart
The right atrium ofthe heart
The left ventricle ofthe heart
The phrenic nerves

The esophagus

HmoOwp
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67. Insuch an accident, the patient’sage mayplaya large role

in the extent of anatomic injury. Which of the following

statements accounting for this fact is likely to be correct?

A. The increased elasticity of fibrous structures in
elderly people.
B. The highly flexible rib cage in children.
C. The ossification ofthe xiphoid cartilage that occurs
with age.
ANSWERS
1. H 8. A 15. D 22. D
2. D 9. D 16. A 23. E
3. F 10. E 17. E 24. B
4. C 11. B 18. B 25. B
5. E 12. A 19. F 26. C
6. B 13. C 20. C 27. D
7. G 14. C 21. A 28. A

For answers 25 to 28, the sites chosen are those where each
valve is most clearly heard with the minimum amount of noise
from the other valves.

29.
30.
31.
32.
33.
34.

35.
36.
37.
38.
39.

40.

41.

42.

43.

44,

45.

46.

B
D
A
A
C
A

This nerve 1s sometimes absent.
The preganglionic fibers ascend in the sympa-

thetic trunk and synapse in the superior, middle, or
inferior cervical ganglia.

o> oW

The first and second posterior intercostal arteries
are branches of the superior intercostal artery,
which in turn is a branch ofthe subclavian artery.
The subclavian arteries arise proximal to the ob-
struction and are therefore unaffected.

The intercostal nerves and blood vessels run for-
ward in the subcostal groove ofthe upperrib in the
intercostal space. They are arranged from above
downward as follows: vein, artery, and nerve.

The apex ofthe heart can usually be felt in the fifth
left intercostal space 3.5 in. (9 cm) from the mid-
line.

The pulmonary valve guards the pulmonary ori-
fice and has three semilunar cusps attached by
their curved lower margins to the arterial wall.
The pericardial cavity lies between the parietal
and visceral layers of the serous pericardium.

The motor innervation of the diaphragm 1s sup-
plied only by the phrenic nerve (C3-5).

The thymus lies in the superior mediastinum and
when enlarged may extend into the neck

On mspiration, the abdominal muscles relax to ac-
commodate the abdominal viscera as the di-
aphragm descends.
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47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

The levator costarum muscles are small accessory
muscles of inspiration found on the back of the
chest wall alongside the vertebral column.

The apex of the pyramidal-shaped bronchopul-
monary segment points toward the lung root.

The right principal (main) bronchus gives off the
superior lobar bronchus before entering the hilum
of'the right lung. The left principal bronchus gives
off the superior lobar bronchus after entering the
left lung.

On contraction, the diaphragm descends and thus
increases the vertical diameter ofthe thoracic cav-
ity and reduces the intrathoracic pressure.

The cardiac notch ofthe left lung lies in the upper
lobe.

The manubriosternal joint becomes less mobile
with age. Eventually, the manubrium becomes
joined with the body ofthe sternum by bone.

At the level of the sternal angle, the left recurrent
laryngeal nerve arises from the left vagus nerve,
hooks beneath the arch ofthe aorta, and ascends
to the neck. The right recurrent laryngeal nerve
arises from the right vagus nerve in the neck and
hooks beneath the right subclavian artery; the
right recurrent laryngeal nerve does not enter the
thorax.

By entering the left atrium, the two right pul-
monary veins and the two left pulmonary veins re-
turn oxygenated blood to the heart.

The deep cardiac plexus 1s an autonomic nerve
plexus that lies outside the heart and below the
arch ofthe aorta.

The anterior interventricular artery is a branch of
the left coronary artery.

The most richly oxygenated blood reaches the
brain via the internal carotid arteries. The abdom-
inal aorta contains blood from the right ventricle,
the pulmonary trunk, and the ductus arteriosus;
but this blood is poorly oxygenated.

Pain arising from the myocardium ascends to the
central nervous system through the cardiac
branches of the sympathetic trunk and enters the
spinal cord through the posterior roots of the up-
per four thoracic nerves. This pain is not felt in the
heart; rather, it is referred to the skin areas sup-
plied by the upper four intercostal nerves and by
the intercostobrachial nerve (T2). The intercosto-
brachial nerve communicates with the medial cu-
taneous nerve in the upper part ofthe arm. A cer-
tain amount of spread of nervous information
occurs within the central nervous system, because
the pain is sometimes felt in the neck, the jaw, and

59. D.
60. E.
61. D.
62. B.

63. A.

64. C.

65. C.

66. F.

67. B.

the epigastrium, Cardiac pain is not referred to the
point ofthe shoulder.

The costodiaphragmatic recess is the most depen-
dent part ofthe pleural cavity.

Pericardial fluid may be aspirated from the peri-
cardial cavity by inserting the needle to the left of
the xiphoid process in an upward and backward
direction at a 45° angle to the skin. Because ofthe
cardiac notch, the needle misses the pleura and
the lungs, and it pierces the pericardium.

The diaphragmatic surface of the left ventricle re-
ceives its blood supply from the posterior inter-
ventricular branch of the right coronary artery as
well as from the anterior interventricular branch of
the left coronary artery. The posterior wall of the
right atrium, the right auricle, and the atrioventric-
ular bundle are all supplied by the right coronary
artery.

The tetralogy of Fallot consists of a large ventricu-
lar septal defect, stenosis of the pulmonary trunk,
the exit of the aorta immediately above the ven-
tricular septal defect, and right ventricular hyper-
trophy secondary to the ventricular septal defect
and the pulmonary stenosis. The pulmonary steno-
sis results in an impaired pulmonary circulation,
with consequent poor oxygenation ofthe blood. It
1snotsurprising, thatthe increased oxygen needed
on exertion produces excessive breathlessness.
The latissimus dorsi is a sheet of muscle that cov-
ers the back of the thoracic cage and inserts into
the floor of the bicipital groove of the humerus. It
is located too far posteriorly to be damaged by this
exploratory thoracotomy.

The internal thoracic artery terminates in the sixth
intercostal space by dividing into the muscu-
lophrenic artery and the superior epigastric artery.
The superior epigastric artery quickly enters the
anterior abdominal wall.

The heart can be squeezed between the sternum
and the vertebral column when the thorax is sub-
jected to a severe frontal impact. The right atrium,
the right ventricle, or part of the left ventricle 1s
commonly injured. The pericardium may be punc-
tured by a fractured rib or, rarely, be ruptured by a
sudden blow. If pericardial rupture occurs, it tends
to take place along the lateral margins with in-
volvement ofthe phrenic nerves.

The highly flexible rib cage in children makes my-
ocardial bruisinga common occurrence. In elderly
patients, toughness ofthe pericardium and dimin-
ished elasticity may make rupture more common.
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ANTERIOR ABDOMINAL WAILL

SKkin
NERVE SUPPLY

The cutaneous nerve supply to the anterior abdominal wall
is derived from the anterior rami of the lower six thoracic
and the first lumbar nerves (Figs. 2-1 and 2-2). The thoracic
nerves are the lower five intercostal and the subcostal
nerves; the first lumbar nerve is represented by the iliohy-
pogastric and the ilioinguinal nerves.

The dermatome of T7 is located in the epigastrium over
the xiphoid process. The dermatome of T10 includes the
umbilicus, and that of LI lies just above the inguinal liga-
ment and the symphysis pubis. The dermatomes and dis-

tribution of cutaneous nerves are shown in Figures 2-3 and
24.

BLOOD SUPPLY
Arteries

The skin near the midline is supplied by branches ofthe su-
perior and the iferior epigastric arteries. The skin of the
flanks is supplied by branches ofthe intercostal, the lumbar,
and the deep circumflex iliac arteries (Fig. 2-1).

Veins

The venous drainage passes above into the axillary vein via
the lateral thoracic vein and below into the femoral vein
via the superficial epigastric and the great saphenous
veins.

CAVAI-CAVAL ANASTOMOSIS AND
PARAUMBILICAL VEINS

Note the important indirect connection between the
superior and inferior venae cavae. This may permit
the reversal of blood flow in patients with an ob-
structed vena cava caused by a large mediastinal or
abdominal tumor. Note also the presence of small
paraumbilical veins that connect the systemic skin
veins in the region of the umbilicus along the liga-
mentum teres to the portal vein. This may provide an
important portal-systemic anastomosis in patients
with obstruction of the portal vein, as in cirrhosis of
the liver.

LYMPH DRAINAGE

The cutaneous lymph vessels above the level of the umbili-
cus drain upward into the anterior axillary lymph nodes.
The vessels below this level drain downward into the
superficial inguinal nodes.

Superficial Fascia

The superficial fascia 1s divided into the superficial fatty
layer (fascia of Camper) and the deep membranous
layer (Scarpa’s fascia).

The fatty layer 1s continuous with the superficial fascia
over the rest of the body. The membranous layer fades out
laterally and above. Inferiorly, the membranous layer passes
over the inguinal ligament to fuse with the deep fascia ofthe

35
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Figure 2-1 Segmental innervation (left) and arterial supply (right) to the abdominal wall.
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Figure 2-2 Cross section ofthe abdomen showing the courses ofthe lower thoracic and the first lumbar nerves.



Figure 2-3 Dermatomes and distribution of cutaneous nerves on the anterior aspect ofthe body.
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Figure 2-4 Dermatomes and distribution of cutaneous nerves on the posterior aspect of the body.



thigh (fascia lata) approximately one fingerbreadth below
the inguinal ligament. In the midline, itis not attached to the
pubis but instead forms a tubular sheath for the penis (cli-
toris). In the perineum, it is attached on each side to the
margins of the pubic arch and is known as Colles’ fascia.
Posteriorly, it fuses with the perineal body and the posterior
margin ofthe perineal membrane.

SUPERFICIAL FASCIA AND THE
EXTRAVASATION OF URINE

The membranous layer of superficial fascia has be-
neath it a potential closed space that does not open
into the thigh but is continuous with the superficial
perineal pouch via the penis and scrotum. Rupture of
the penile urethra may be followed by extravasation
of urine into the scrotum, perineum, and penis and
then up into the lower part of the anterior abdominal
wall deep to the membranous layer of fascia. The
urine is excluded from the thigh because of the at-
tachment of the fascia to the deep fascia of'the thigh.

Deep Fascia

In the anterior abdominal wall, the deep fascia is a thin layer
ofareolar tissue covering the muscles.

Muscles of the Anterior Abdominal Wall

The muscles ofthe anteriorabdominal wall consist mainly of
three broad, thin sheets that are aponeurotic in front. From
exterior to inferior, these sheets are the external oblique,
the internal oblique, and the transversus (Fig. 2-5). In ad-
dition, on either side of the midline anteriorly, there is a
wide, vertical muscle called the rectus abdominis (Fig. 2-
6). As the aponeuroses ofthe three sheets pass forward, they
enclose the rectus abdominis to form the rectus sheath.

In the lower part of the rectus sheath, there may be a
small muscle called the pyramidalis.

The cremaster muscle is derived from the lower fibers
of the internal oblique; it passes inferiorly as a covering of
the spermatic cord and enters the scrotum.

The muscles ofthe anterior abdominal wall are shown in

Table 2-1.

RECTUS SHEATH

The rectus sheath (Fig. 2-7) is a long fibrous sheath that en-
closes the rectus abdominis muscle and pyramidalis muscle
(if present) and contains the anterior rami of the lower six
thoracic nerves and the superior and inferior epigastric ves-
sels and lymph vessels. It 1s formed by the aponeuroses of
the three lateral abdominal muscles. The internal oblique
aponeurosis splits at the lateral edge of the rectus abdomi-
nis to form two laminae; one passes anteriorly and one pos-
teriorly to the rectus. The aponeurosis of the external
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oblique fuses with the anterior lamina, and the transversus
aponeurosis fuses with the posterior lamina. At the level of
the anterior superior iliac spines, all three aponeuroses pass
anteriorly to the rectus muscle, leaving the sheath deficient
posteriorly below this level. The lower, crescent-shaped
edge ofthe posterior wall ofthe sheath is called the arcuate
line. All three aponeuroses fuse with each other and with
their fellows ofthe opposite side in the midline between the
right and the left recti muscles to form a fibrous band called
the linea alba, which extends from the xiphoid process
above to the pubic symphysis below.

The posterior wall ofthe sheath, however, has no attach-
ment to the muscle. The transverse tendinous intersec-
tions, which divide the rectus abdominis muscle into seg-
ments, are usually three in number: One at the level of the
xiphoid process, one at the level of the umbilicus, and one
between these two.

SURGERY AND TENDINOUS INTERSECTIONS
OF THE ABDOMINIS MUSCLE

Note that the anterior wall ofthe rectus sheath is firmly
attached to the tendinous intersections of the rectus
abdominis muscle. The posterior wall of the sheath,
however, has no attachment to the muscle.

LINEA SEMILUNARIS

The linea semilunaris is the lateral edge of'the rectus abdo-
minis muscle. It crosses the costal margin at the tip of the
ninth costal cartilage.

CONJ OINT TENDON

The internal oblique muscle has a lower, free border that
arches over the spermatic cord (or the round ligament ofthe
uterus) and then descends behind and attaches to the pubic
crest and the pectineal line. Near their insertion, the lowest
tendinous fibers are joined by similar fibers from the
transversus abdominis to form the conjoint tendon, which
strengthens the medial half of the posterior wall of the
inguinal canal.

INGUINAL LUJGAMENT

The inguinal ligament (Fig. 2-5) connects the anterior supe-
rior iliac spine with the pubic tubercle. This ligament is
formed by the lower border ofthe aponeurosis ofthe exter-
nal oblique muscle, which is folded back on itself. From the
medial end ofthe ligament, the lacunar ligament extends
backward and upward to the pectineal line on the superior
ramus of the pubis, where it becomes continuous with
the pectineal ligament (a thickening of the periosteum).
The lower border ofthe inguinal ligament is attached to the
deep fascia ofthe thigh (the fascia lata).
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Figure 2-6 Anterior view ofthe rectus abdominis muscle and the rectus sheath. Left: The anterior
wall of sheath has been partly removed revealing the rectus muscle with its tendinous intersec-
tions. Right: The posterior wall of the rectus sheath. Note the edge ofthe arcuate line at the level

ofthe anterior superior iliac spine.

FASCIA TRANS VERSALIS

The fascia transversalis 1s a thin layer of fascia that lines the
transversus muscle and is continuous with a similar layer lin-
ing the diaphragm and the iliacus muscle. The femoral
sheath of the femoral vessels is formed by the fascia
transversalis and the fascia iliaca.

INGUINAL CANAL

The inguinal canal (Fig. 2-8) 1s an oblique passage through
the lower part ofthe anterior abdominal wall. In males, it al-
lows structures to pass to and from the testis to the ab-
domen. In females, it allows the round ligament of the
uterus to pass from the uterus to the labium majus.

The canal is approximately 1.5 in. (4 cm) in length
among adults and extends from the deep inguinal ring
downward and medially to the superficial inguinal ring.
It lies parallel to and immediately above the inguinal
ligament.

The deep inguinal ring is an oval opening in the
fascia transversalis and lies approximately 0.5 in. (1.3 cm)

above the inguinal ligament. The margins of this ring give
attachment to the internal spermatic fascia.

The superficial inguinal ring is a triangularshaped de-
fect in the aponeurosis of the external oblique muscle and
lies immediately above and medial to the pubic tubercle.
The margins of this ring give attachment to the external
spermatic fascia.

Walls

 Anterior wall: External oblique aponeurosis, reinforced
laterally by origin ofthe internal oblique from the inguinal
ligament (Fig. 2-8).

* Posterior wall: Conjoint tendon medially, fascia transver-
salis laterally (Fig. 2-8).

* Roof or superior wall: Arching fibers of the internal
oblique and transversus muscles (Fig. 2-8).

* Floor or inferior wall: Inguinal and lacunar ligaments.

Function of the Inguinal Canal

In males, the inguinal canal allows structures to pass to and
from the testis to the abdomen. (Normal spermatogenesis
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’: Table 2-1 Muscles of the Anterior Abdominal Wall
Name of Muscle Origin Insertion Nerve Supply Action
External oblique Lower right ribs Xiphoid process, linea Lower six thoracic Compresses abdominal

Internal oblique

Transversus

Rectus abdominis

Pyramidalis
(often absent)
Cremaster

Lumbar fascia, iliac
crest, lateral two thirds
of inguinal ligament

Lower six costal
cartilages, lumbar
fascia, 1liac crest,
lateral third of
inguinal ligament

Symphysis pubis and
pubic crest

Anterior surface of
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Figure 2-7 Transverse sections ofthe rectus sheath. A: Above the costal margin. B: Between the
costal margin and the level of the anterior superior iliac spine. C: Below the level of the anterior
superior iliac spine and above the pubis.
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by the fascia transversalis and the conjoin tendon. The deep inguinal ring lies lateral to the inferior
epigastric artery.
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occurs only if the testis leaves the abdominal cavity and en-
ters a cooler environment in the scrotum.) In females, the
smaller canal allows the round ligament ofthe uterus to pass
from the uterus to the labium majus. In both sexes, the canal
also transmits the ilioinguinal nerve.

Mechanics of the Inguinal Canal

The inguinal canal is a site of potential weakness in both
sexes. On coughing and straining (as in micturition, defeca-
tion, and parturition), the arching lowest fibers of the inter-
nal oblique and transversus abdominis muscles contract
and flatten the arch. In turn, this lowers the roofofthe canal
toward the floor and virtually closes the canal.

E‘%@)}! CLINICAL NOTES

INGUINAL HERNIA

An inguinal hernia occurs above the inguinal liga-
ment, whereas a femoral hernia occurs below the in-
guinal ligament. Inguinal hernias are of two types:
indirect and direct.

Indirect Inguinal Hernia

» The hernial sac is the remains of the processus
vaginalis.

e An indirect inguinal hernia is more common than a
direct inguinal hernia.

It is much more common in males than in females.

It is more common on the right side.

* It is most common in children and young adults.

 The hernial sac enters the inguinal canal through
the deep inguinalring and lateral to the inferior epi-
gastric vessels. The neck ofthe sac 1s narrow.

* The hernial sac may extend through the superficial
inguinal ring above and medial to the pubic tuber-
cle (femoral hernia below and lateral to the pubic
tubercle).

e The hernial sac may extend down into the scrotum
or labium majus.

Direct Inguinal Hernia

e It is common among elderly men with weak ab-
dominal muscles but is rare among women.

» The hernial sac bulges forward through the posterior
wall of the inguinal canal medial to the inferior epi-
gastric vessels.

* The neck ofthe hernial sac is wide.

Spermatic Cord

The spermatic cord 1s a collection of structures that pass
through the inguinal canal to and from the testis. These
structures include the following:

* The vas deferens.

e The testicular artery.

» Testicular veins (pampiniform plexus).
 Testicular lymph vessels.

e Autonomic nerves.

 Remains ofthe processus vaginalis.

* The cremasteric artery.

e The artery of the vas deferens.

e The genital branch ofthe genitofemoral nerve, which sup-
plies the cremaster muscle.

Coverings of the Spermatic Cord

There are three concentric layers of fascia derived from the
layers ofthe anterior abdominal wall:

 External spermatic fascia derived from the external
oblique muscle and attached to the margins of the
superficial inguinal ring.

 Cremasteric fascia derived from the internal oblique
muscle.

 Internal spermatic fascia derived from the fascia
transversalis and attached to the margins of the deep
inguinal ring.

PROCESSUS VAGINALIS

The processus vaginalis is a peritoneal diverticulum formed
in the fetus that passes through the lower part ofthe anterior
abdominal wall to form the inguinal canal. The tunica vagi-
nalis is the lower, expanded part ofthe processus vaginalis.
Normally, the cavity ofthe tunica vaginalis becomes shut off
from the upper part ofthe processus and the peritoneal cav-
ity just before birth. The tunica vaginalis is thus a closed sac
invaginated from behind by the testis.

g‘%’ CLINICAL NOTES

CLINICAL ANATOMY OF THE
PROCESSUS VAGINALIS

The processus vaginalis is a peritoneal diverticulum,
formed in the fetus, that passes through the layer of
the anterior abdominal wall to form the inguinal
canal. The tunica vaginalis is the lower expanded part
ofthe processus vaginalis. Normally, just before birth,
the cavity of the tunica vaginalis becomes shut off
from the upper part of the processus and the peri-
toneal cavity. The tunica vaginalis is thus a closed sac,
invaginated from behind by the testis. The following
anomalies may occur:

* Preformed sac of indirect inguinal hernia: The
processus may persist partially or in its entirety as a
hernial sac.

 Congenital hydrocele: The processus vaginalis be-
comes narrowed but not obliterated and remains in
communication with the abdominal cavity. Peri-
toneal fluid accumulates in it, forming a hydrocele.

 Encysted hydrocele of the cord: The upper and
lower ends of the processus become obliterated,
leaving a small intermediate encysted area. This pre-
sents as a small fluctuant swelling in the inguinal re-
gion, often within the inguinal canal, that moves me-
dially on gentle downward pulling of the testis and
the covering of tunica vaginalis.



GUBERNACULUM TESTIS

The gubernaculum testis 1s a musculoligamentous cord that
connects the fetal testis with the floor ofthe developing scro-
tum. It plays an important role in the descent of the testis,
and 1t 1s homologous to the female round ligament of the
ovary and the round ligament ofthe uterus.

SCROTUM

The scrotum 1s an outpouching of the lower part of the

anterior abdominal wall. It contains the testes, the

epididymides, and the lower ends ofthe spermatic cords.
The wall ofthe scrotum has the following layers:

 Skin.

e Superficial fascia, in which dartos muscle (smooth
muscle) replaces the fatty layer.

« External spermatic fascia from the external oblique
muscle.

» Cremasteric fascia from the internal oblique muscle; the
cremasteric muscle is supplied by the genital branch of
the genitofemoral nerve.

 Internal spermatic fascia from the fascia transversalis.

* Tunica vaginalis (a closed sac that covers the anterior, me-
dial, and lateral surfaces ofeach testis).

TESTES

The testes are paired, ovoid organs responsible for the pro-
duction of spermatozoa and testosterone. Normal sper-
matogenesis occurs only at a temperature lower than that of
the abdominal cavity, hence the descent of the testes into
the scrotum. The tunica albuginea 1s the outer, fibrous
capsule ofthe testis.

EPIDIDYMIDES

The epididymis on each side lies posterior to the testis and
has a head, a body, and a tail. It 1s a coiled tube approxi-
mately 20 ft. (6 m) in length. The vas deferens emerges from
the tail.

Blood Supply of the Testis and Epididymis

The testicular artery is a branch ofthe abdominal aorta. The
testicular vein emerges from the testis and the epididymis as
a venous network (the pampiniform plexus), which be-
comes reduced to a single vein as it ascends through the in-
guinal canal. The right testicular vein drains into the inferior
vena cava, and the left vein joins the left renal vein.

E‘%} CLINICAL NOTES

VARICOCELE

In varicocele, there is an elongation and dilation of
the veins of the pampiniform plexus. It is a common
disorder found in adolescents and young adults. The
great majority occur on the left side, because the right
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testicular vein drains into the lowpressure inferior
vena cava, whereas the left vein drains into the left re-
nal vein, in which the venus pressure is higher. Very
rarely, a malignant tumor of the left kidney with inva-
sion ofthe left renal vein may block the exit ofthe tes-
ticular vein.

Lymph Drainage ofthe Testis and Epididymis

Para-aortic lymph nodes on the side ofthe aorta at the level
of the first lumbar vertebra.

TESTICULAR TUMOR

A testicular tumor is usually a hard, irregular, non-
tender mass. Note that if the tumor is malignant it will
metastasize to the para-aortic lymph nodes at the level
of the first lumbar vertebra.

Nerves of the Anterior Abdominal Wall

The nerves of the anterior abdominal wall are the anterior
rami of the lower six thoracic and the first lumbar nerves
(Fig. 2-2). These nerves run downward and forward be-
tween the internal oblique and the transversus muscles.
They supply the skin, the muscles, and the parietal peri-
toneum of the anterior abdominal wall. The lower six tho-
racic nerves pierce the posterior wall of the rectus sheath.
The first lumbar nerve 1s represented by the iliohypogas-
tric and the ilioinguinal nerves, which do not enter the
rectus sheath. Instead, the iliohypogastric nerve pierces the
external oblique aponeurosis above the superficial inguinal
ring, and the ilioinguinal nerve passes through the inguinal
canal to emerge through the ring.

Blood Supply of the Anterior
Abdominal Wall

ARTERIES

The superior epigastric artery arises from the internal tho-
racic artery and enters the rectus sheath. It descends behind
the rectus muscle, supplies the upper central part of the an-
terior abdominal wall, and anastomoses with the inferior
epigastric artery.

The inferior epigastric artery arises from the external
iliac artery above the inguinal ligament. It runs medial to the
deep inguinal ring and enters the rectus sheath, ascends be-
hind the rectus muscle, and supplies the lower central part
of the anterior abdominal wall. It anastomoses with the
superior epigastric artery.

The deep circumflex iliac artery is a branch of the ex-
ternal iliac artery. It runs upward and laterally toward the an-
terior superior iliac spine, and it supplies the lower lateral
part of the abdominal wall.

The lower two posterior intercostal arteries from
the descending thoracic aorta and the four lumbar arter-
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ies from the abdominal aorta supply the lateral part of the
anterior abdominal wall. The superficial epigastric
artery, the superficial circumflex iliac artery, and the
superficial external pudendal artery branches of the
femoral artery also supply the lower part of the anterior
abdominal wall.

VEINS

The superior and inferior epigastric veins and the deep
circumflex iliac veins follow the arteries and drain into the
internal thoracic and the external iliac veins. The posterior
intercostal veins drain into the azygos veins, and the lum-
bar veins drain into the inferior vena cava. The superficial
epigastric, the superficial circumflex iliac, and the
superficial external pudendal veins drain into the great
saphenous vein and, from there, into the femoral vein. The
thoracoepigastric vein is the name given to the anasto-
moses between the lateral thoracic vein and the superficial
epigastric vein, which is a tributary of the great saphenous
vein. This vein provides an alternative path for the venous
blood should the superior or inferior vena cava become
obstructed, as previously noted.

Lymph Drainage of the Anterior
Abdominal Wall

The cutaneous lymph vessels above the level of the umbili-
cus drain upward into the anterior axillary lymph nodes.
Cutaneous lymph vessels below this level drain downward
into the superficial inguinal nodes. The deep lymph vessels
follow the arteries and drain into the internal thoracic, the
external iliac, the posterior mediastinal, and the para-aortic
(lumbar) nodes.

PERITONEUM

The peritoneum is the serous membrane that lines the ab-
dominal and the pelvic cavities and that clothes the viscera
(Fig. 29). The peritoneum can be regarded as a balloon
against which organs are pressed from the outside. The
parietal layer lines the walls of the abdominal and the
pelvic cavities, and the visceral layer covers the organs.
The potential space between the parietal and the visceral
layers 1s called the peritoneal cavity. In males, this is a
closed cavity, but in females, there 1s communication with
the exterior through the uterine tubes, the uterus, and the
vagina.

The peritoneal cavity is divided into two parts: the greater
sac and the lesser sac (Fig. 29). The greater sac is the main
compartment and extends from the diaphragm down into
the pelvis. The lesser sac is smaller and lies behind the
stomach. The greater and the lesser sacs are in free commu-
nication with one another through the epiploic foramen.
The peritoneum secretes a small amount of serous fluid that
lubricates the peritoneal surfaces and facilitates free move-
ment between the viscera.

Peritoneal Ligaments, Omenta,
and Mesenteries

The peritoneal ligaments, omenta, and mesenteries permit
blood, lymph vessels, and nerves to reach the viscera.

PERITONEAL LIGAMENTS

Peritoneal ligaments are two-ayered folds of peritoneum
that connect solid viscera with the abdominal walls. The
liver, for example, 1s connected to the diaphragm by the fal-
ciform ligament, the coronary ligament, and the right
and the left triangular ligaments (Fig. 2-10).

OMENTA

Omenta are twodayered folds of peritoneum that connect
the stomach with another viscus. The greater omentum
connects the greater curvature of the stomach with the
transverse colon (Fig. 29). It hangs down like an apron in
front ofthe coils ofthe small intestine and is folded back on
itself. The lesser omentum suspends the lesser curvature of
the stomach to the fissure for the ligamentum venosum and
the porta hepatis of the liver (Figs. 29 and 2-10). The gas-
trosplenic omentum (ligament) connects the stomach to
the hilus ofthe spleen.

MESENTERIES

Mesenteries are two-ayered folds of peritoneum connect-
ing parts of the intestines with the posterior abdominal
wall (e.g., the mesentery of the small intestine,
the transverse mesocolon, the sigmoid mesocolon)
(Fig. 29).

Lesser Sac

The lesser sac lies behind the stomach and the lesser
omentum (Fig. 29). It extends upward as far as the di-
aphragm and downward between the layers of the greater
omentum. The left margin of the sac is formed by the
spleen, the gastrosplenic omentum, and the splenicorenal
ligament. The right margin opens into the greater sac (the
main part of the peritoneal cavity) through the epiploic
foramen.

BOUNDARIES OF THE EPIPLOIC FORAMEN

* Anteriorly: Free border of the lesser omentum, the bile
duct, the hepatic artery, and the portal vein.

* Posteriorly: Inferior vena cava.

* Superiorly: Caudate process of the caudate lobe of the
liver.

 Inferiorly: First part of the duodenum.
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Figure 2-9 A. Sagittal section ofa female abdomen showing the arrangement of the peritoneum.
B. Transverse section (as viewed from below) ofan abdomen showing the arrangement of the

peritoneum.

Peritoneal Recesses, Spaces, and
Gutters

DUODENAL RECESSES, CECAL RECESSES, SPACES,
AND GQUTTERS

Duodenal Recesses

Close to the duodenojejunal junction, there may be
four small pouches of peritoneum called the superior

duodenal recess, the inferior duodenal recess,
the paraduodenal recess, and the retroduodenal
recess.

Cecal Recesses

Folds of peritoneum close to the cecum produce three peri-
toneal recesses called the superior ileocecal recess, the
inferior ileocecal recess, and the retrocecal recess.
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Figure 2-10 A. The liver as viewed from above. B. The liver as viewed from behind. Note the posi-
tion of the peritoneal reflections, the bare areas, and the peritoneal ligaments.

@ CLINICAL NOTES Nerve Supply of the Peritoneum
The parietal peritoneum is supplied for pain, temperature,
PARACOLIC GUTTERS touch, and pressure by the lower six thoracic and first lum-
bar nerves. The parietal peritoneum in the pelvis is mainly
Paracolic gutters lie on the lateral and the medial supplied by the obturator nerve.

sides ofthe ascending and the descending colons, re-
spectively. They provide channels for the movement
ofinfected fluid in the peritoneal cavity.

PERITONEAL PAIN

SUBPHRENIC SPACES

Subphrenic spaces lie between the diaphragm
and the liver, and they are called the right and left
anterior and posterior subphrenic spaces.
Clinically, these spaces are important because they Because the parietal peritoneum is innervated from
may provide sites for the accumulation of pus. somatic nerves, pain involving this area 1s of the

Pain from the Parietal Peritoneum



somatic type and can be precisely localized; it is usu-
ally severe.

Pain from the Visceral Peritoneum

Because the visceral peritoneum and that of the
mesenteries are innervated by autonomic nerves,
pain involving these areas is ofthe visceral type and is
dull and poorly localized. Remember that stretch
caused by overdistension of a viscus or pulling on a
mesentery can give rise to visceral pain.

The visceral peritoneum is supplied for stretch only
by autonomic nerves that supply the viscera or that are
traveling in the mesenteries.

GASTROINTESTINAL VISCERA

Stomach

The stomach is a dilated portion of the alimentary canal sit-
uated in the upper part of the abdomen (Fig. 2-11). It 1s
roughly Jshaped, and it has two openings (the cardiac and
the pyloric orifices), two curvatures (the greater and the

lesser curvature

pyloric antrum
pylorus

,l/ esophagus

CHAPTER2 Abdomen 49

lesser curvatures), and two surfaces (an anterior and a
posterior surface).
The stomach may be divided into the following parts:

* Fundus: This is dome-shaped and projects upward and to
the left ofthe cardiac orifice. It is usually full of gas.

* Body: This extends from the cardiac orifice to the in-
cisura angularis (a constant notch in the lower part of
the lesser curvature).

* Pyloric antrum: This extends from the incisura angularis
to the pylorus.

* Pylorus: This is the most tubular part ofthe stomach. The
thick, muscular wall is called the pyloric sphincter, and
the cavity ofthe pylorus is called the pyloric canal.

The lesser curvature forms the right border ofthe stom-
ach and 1s connected to the liver by the lesser omentum.
The greater curvature is much longer than the lesser cur-
vature, and 1t extends from the left ofthe cardiac orifice over
the dome ofthe fundus and alongthe leftborder ofthe stom-
ach. The gastrosplenic omentum (ligament) extends from
the upper part of the greater curvature to the spleen. The
greater omentum extends from the lower part of the greater
curvature to the transverse colon.

fundus

\/ greater curvature

gallbladder stoﬂ
body
bile duct <
7, pancreas
=
duodenum\L o8 |
W left colic flexure
right colic flexure ,/ 1 duodenojejunal
flexure
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| - coﬂs of jejunum
ascending colon k ) \
J E) descending colon
coils of ileum—7* )
tenia coli

ileocecal junction )

cecum

appendix

anal canal

Figure 2-11

\ |

appendices epiploicae

S

sigmoid colon

General arrangement of the abdominal viscera.
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The esophagus enters the stomach at the cardiac ori-
fice. No anatomic sphincter can be demonstrated here,
but a physiologic mechanism prevents the regurgitation of
stomach contents into the esophagus.

The pyloric orifice 1s formed by the pyloric canal. The
circular muscle coat of the stomach is much thicker
here and forms the anatomic and physiologic pyloric
sphincter.

BLOOD SUPPLY
Arteries

The right and left gastric arteries supply the lesser curvature.
The right and left gastroepiploic arteries supply the greater
curvature. Short gastric arteries derived from the splenic
artery supply the fundus (Fig. 2-12).

Veins

The veins drain into the portal circulation. The right and left
gastric veins drain into the portal vein. The short gastric
and the left gastroepiploic veins drain into the splenic vein,
and the right gastroepiploic vein drains into the superior
mesenteric vein.

LYMPH DRAINAGE

The lymph vessels follow the arteries into the left and right
gastric nodes, the left and right gastroepiploic nodes, and

left gastric artery

celiac artery )
cystic arteryﬁ\/L\')[

hepatic artery 7 —
(]

right gastric artery

gastroduodenal artery=;

superior
pancreaticoduodenal
artery

the short gastric nodes. All lymph from the stomach eventu-
ally passes to the celiac nodes.

NERVE SUPPLY

The sympathetic nerve supply is from the celiac plexus, and
parasympathetic is from the vagus nerves.

Small Intestine

The greater part of digestion and food absorption occurs in
the small intestine, which extends from the pylorus of the
stomach to the ileocecal junction (Fig. 2-11). The small in-
testine 1s divided into three parts: the duodenum, the
jejunum, and the ileum.

DUODENUM

The duodenum is a Cshaped tube approximately 10 in. (25
cm) in length that curves around the head of'the pancreas
(Fig. 2-13). The duodenum begins at the pyloric sphincter of
the stomach, and it ends by becoming continuous with the
jejunum. The first inch of the duodenum has the lesser
omentum attached to its upper border and the greater
omentum attached to its lower border. The remainder ofthe
duodenum is retroperitoneal.
The duodenum is divided into four parts:

e The first part runs upward and backward on the transpy-
loric plane at the level ofthe first lumbar vertebra.

splenic artery

short gastric arteries

left gastroepiploic artery

right gastroepiploic artery

Figure 2-12 Arterial supply to the stomach. Note that all the arteries are branches ofthe celiac artery.
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Figure 2-13 The liver, biliary ducts, pancreas, and spleen. Note their relationship to one another and to the duodenum.

* The second part runs vertically downward. The bile and
the main pancreatic ducts pierce the medial wall approx-
imately halfway down, and they unite to form an ampulla
that opens on the summit of a major duodenal papilla
(Fig. 2-12). The accessory pancreatic duct (if present)
opens into the duodenum on a minor duodenal papilla,
approximately 0.751n. (1.9 cm) above the major duodenal
papilla.

* The third part passes horizontally in front ofthe vertebral
column. The root of the mesentery of the small intestine
and the superior mesenteric vessels cross this part anteri-
orly.

* The fourth part runs upward and to the left to the duo-
denojejunal flexure. The flexure is held in position by
the ligament of Treitz, which is attached to the right crus
ofthe diaphragm.

Blood Supply

Arteries

The upper halfofthe duodenum is supplied by the superior
pancreaticoduodenal artery, which is a branch ofthe gastro-
duodenal artery. The lower half is supplied by the inferior

pancreaticoduodenal artery, which is a branch of the
superior mesenteric artery.
Veins

The superior pancreaticoduodenal vein joins the portal
vein. The inferior pancreaticoduodenal vein joins the
superior mesenteric vein.

Lymph Drainage

The lymph vessels drain upward via the pancreaticoduode-
nal nodes to the gastroduodenal nodes and the celiac
nodes. They drain downward via the pancreaticoduodenal
nodes to the superior mesenteric nodes.

Nerve Supply

The duodenum is supplied by the sympathetic and vagus
nerves via the celiac and the superior mesenteric plexuses.

JEJ UNUM AND ILEUM

The jejunum measures approximately 8 ft. (2.5 m) long and
the ileum, approximately 12 ft. (3.6 m) long. The jejunum
begins atthe duodenojejunal flexure (Fig. 2-11) in the upper
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part ofthe abdominal cavity and to the left of the midline. It Nerve Supply
1s wider in diameter, thicker walled, and redder in color
than the ileum.

The coils of the illeum occupy the lower right part of the
abdominal cavity and tend to hang down into the pelvis.
The i1leum ends at the ileocecal junction. The coils ofthe je-
junum and the ileum are suspended from the posterior ab-
dominal wall by a fan-shaped fold of peritoneum called the
mesentery of the small intestine.

Sympathetic and vagus nerve fibers arise from the superior
mesenteric plexus.

MECKEL’S DIVERTICULUM

Meckel’s diverticulum is a congenital anomaly repre-
Blood Supply senting a persistent portion of the vitellointestinal
duct. It is located (if present) on the antimesenteric

Arteries border of the ileum approximately 2 ft. (60 cm) from
Branches of the superior mesenteric artery (Fig. 2-14) the ileocecal junction. It is about 2 in. (5 cm) in
anastomose with one another to form arcades. length, and it occurs in approximately 2% ofindividu-
Veins als. It is important clinically because bleeding may oc-

cur from an ulcer in its mucous membrane.
The veins drain into the superior mesenteric vein.

Lymph Drainage Large Intestine
The lymph passes to the superior mesenteric nodes via The large intestine extends from the ileum to the anus (Fig.
intermediate mesenteric nodes. 2-11). It 1s divided into the cecum, the appendix, the as-

abdominal part of aorta

superior mesenteric artery

jejunal arteries

right colic artery

— inferior mesenteric artery

left colic artery

ileocolic artery —

ileal arteries

sigmoid arteries

anterior cecal artery

Figure 2-14 The superior and inferior mesenteric arteries and their branches.



cending colon, the transverse colon, the descending colon,
the sigmoid colon, the rectum, and the anal canal. (The rec-
tum and the anal canal are discussed in Chapter 3.) The
main functions of the large intestine include absorption of
water, production of certain vitamins, storage of undigested
food materials, and formation and excretion of feces from

the body.

CECUM

The cecum is a blind-ended pouch within the right iliac
fossa and i1s completely covered with peritoneum (Fig. 2-
11). At the junction ofthe cecum and the ascending colon,
it is joined on the left side by the terminal part of the ileum.
The appendix is attached to its posteromedial surface.

Blood Supply
Arteries

Anterior and posterior cecal arteries from the ileocolic
artery (Fig. 2-14), which is a branch of the superior mesen-
teric artery.

Veins

The veins drain into the superior mesenteric vein.

Lymph Drainage

The lymph drains into the mesenteric and superior mesen-
teric nodes.

Nerve Supply

Sympathetic and vagus nerves, via the superior mesenteric
plexus, supply the cecum.

ILEOCECAL VALVE

A rudimentary structure, the 1leocecal valve consists of two
horizontal folds of mucous membrane that project around
the orifice of the ileum. The valve plays little or no part in
preventing reflux of cecal contents into the ileum. The cir-
cular muscle at the lower end of the ileum (the ileocecal
sphincter) serves as a sphincter and controls the flow of
contents from the ileum into the colon. The smooth muscle
tone is reflexively increased when the cecum is distended;
the hormone gastrin, which is produced by the stomach,
causes relaxation of the muscle tone.

APPENDIX

The appendix (Fig. 2-11) is a narrow, muscular tube with a
large amount of lymphoid tissue in its wall. It is attached to
the posteromedial surface ofthe cecum approximately 1 in.
(2.5 cm) below the ileocecal junction. It has a complete
peritoneal covering, which 1s attached to the mesentery of
the small intestine by a short mesentery of its own called
the mesoappendix. The mesoappendix contains the
appendicular vessels and nerves.
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The base of the appendix can be located inside the ab-
domen by tracing the teniae coli ofthe cecum and then fol-
lowing them to the appendix, where they converge to form
a continuous muscle coat.

VARIABILITY OF POSITION OF APPENDIX AND
THE DIAGNOSIS OF APPENDICITIS

The inconstancy of the position of the appendix
should be borne in mind when attempting to diag-
nose an appendicitis. A retrocecal appendix, for ex-
ample, may lie behind the cecum, and it may be diffi-
cult to elicit tenderness on palpation in the right iliac
region. An appendix hanging down in the pelvis may
result in absent abdominal tenderness in the right
lower quadrant but deep tenderness may be experi-
enced just above the symphysis pubis. Rectal or vagi-
nal examination may reveal tenderness of the peri-
toneum in the pelvis on the right side.

Blood Supply
Arteries

Appendicular artery is a branch ofthe posterior cecal artery
(Fig. 2-14).

Veins

The veins drain into the posterior cecal vein.

Lymph Drainage

The lymph drains into nodes in the mesoappendix and
eventually into the superior mesenteric lymph nodes.
Nerve Supply

The appendix 1s supplied by the sympathetic and vagus
nerves from the superior mesenteric plexus.

PAIN OF APPENDICITIS

Visceral pain in the appendix is produced by disten-
tion of its lumen or spasm of its muscle. The afferent
pain fibers enter the spinal cord at the level of the
tenth thoracic segment, and a vague referred pain is
felt in the region ofthe umbilicus. Later, the pain shifts
to where the inflamed appendix irritates the parietal
peritoneum, and then the pain is precise, severe,
and localized.

ASCENDING COLON

The ascending colon is approximately 5 in. (13 cm) in
length and extends upward from the cecum to the inferior
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surface ofthe right lobe ofthe liver (Fig. 2-11). Here, it turns
to the left (forming the right colic flexure) and becomes
continuous with the transverse colon. The peritoneum cov-
ers the front and the sides ofthe ascending colon, binding it
to the posterior abdominal wall.

Blood Supply

Arteries

The area is supplied by the ileocolic and right colic
branches ofthe superior mesenteric artery (Fig. 2-14).

Veins

The veins drain into the superior mesenteric vein.

Lymph Drainage

The lymph drains into the colic lymph and superior mesen-
teric nodes.

Nerve Supply

Sympathetic and vagus nerves from the superior mesenteric
plexus supply the area.

TRANS VERSE COLON

The transverse colon 1s approximately 15 in. (38 cm) in
length and passes across the abdomen, occupying the um-
bilical and the hypogastric regions (Fig. 2-11). It begins at
the right colic flexure below the right lobe of the liver and
hangs downward, suspended by the transverse mesocolon
from the pancreas. It then ascends to the left colic flexure
below the spleen. The left colic flexure is higher than the
right colic flexure and is held up by the phrenicocolic lig-
ament. The transverse mesocolon (or mesentery of the
transverse colon) is attached to the superior border of the
transverse colon and suspends it from the pancreas; the pos-
terior layers of the greater omentum are attached to the
inferior border.

Blood Supply
Arteries

The proximal two thirds of the transverse colon is supplied
by the middle colic artery (Fig. 2-14), which is a branch of
the superior mesenteric artery. The distal one third is sup-
plied by the left colic artery, which isa branch ofthe inferior
mesenteric artery.

Veins

The veins drain into the superior and the inferior mesenteric
velns.

Lymph Drainage

The proximal two thirds drain into the colic nodes and into
the superior mesenteric nodes. The distal one third drains
into the colic nodes and then the inferior mesenteric nodes.

Nerve Supply

The proximal two thirds 1s innervated by the sympathetic
and the vagal nerves through the superior mesenteric
plexus. The distal one third 1s innervated by the sympathetic
and the parasympathetic pelvic splanchnic nerves through
the inferior mesenteric plexus.

DESCENDING COLON

The descending colon is approximately 10 in. (25 cm) in
length and extends downward from the left colic flexure to
the pelvic brim, where it becomes continuous with the sig-
moid colon (Fig. 2-11). The peritoneum covers the front and
the sides and also binds it to the posterior abdominal wall.

Blood Supply
Arteries

Left colic branch and sigmoid branches of the inferior
mesenteric artery (Fig. 2-14) supply the area.

Veins

The veins drain into the inferior mesenteric vein.

Lymph Drainage

The lymph passes to the colic and inferior mesenteric
nodes.

Nerve Supply

Sympathetic and parasympathetic pelvic splanchnic nerves
through the inferior mesenteric plexus supply the area.

SIGMOID COLON

The sigmoid colon is 10 to 15 1n. (25 to 38 cm) in length and
begins as a continuation ofthe descending colon in front of
the pelvic brim (Fig. 2-11). Below, it becomes continuous
with the rectum in front of the third sacral vertebra. It hangs
down into the pelvic cavity in the form of a loop and is
attached to the posterior pelvic wall by the fanshaped
sigmoid mesocolon.

Blood Supply
Arteries

Sigmoid branches of the inferior mesenteric artery (Fig.
2-14) supply the sigmoid colon.

Veins

The veins drain into the inferior mesenteric vein.

Lymph Drainage

The lymph drains into the colic and inferior mesenteric
nodes.



Nerve Supply

Sympathetic and parasympathetic nerves through the
inferior hypogastric plexuses supply the area.

Differences between Small and Large
Intestines

EXTERNAL DIFFERENCES

* The small intestine is more mobile (except for the duode-
num), whereas the ascending and the descending parts of
the colon are fixed.

 The small intestine has a mesentery (except for the duo-
denum), whereas the large intestine is retroperitoneal (ex-
cept for the transverse colon and sigmoid colon).

e The diameter ofthe full small intestine 1s smaller than that
ofthe full large intestine.

* In the small intestine, the longitudinal muscle forms a con-
tinuous layer around the gut, whereas in the large intestine
(except for the appendix, rectum, and anal canal), the
longitudinal muscle forms three bands (the teniae coli).

« The small intestine has no fatty tags attached to its
wall, whereas the large intestine has the appendices
epiploicae.

* The wall ofthe small intestine is smooth, whereas the wall
ofthe large intestine is sacculated.

INTERNAL DIFFERENCES

* The mucous membrane of the small intestine has perma-
nent folds (the plicae circulares), whereas the large
intestine does not.

* The mucous membrane ofthe small intestine has Peyer’s
patches, whereas the large intestine has solitary lymph
follicles.

* The mucous membrane of the small intestine has villi,
whereas the large intestine does not.

ACCESSORY ORGANS OF THE
GASTROINTESTINAL SYSTEM

Liver
The largest organ in the body, the liver (Fig. 2-10) occupies
the upper part of the abdominal cavity just beneath the di-
aphragm. The liver may be divided into a large right lobe
and a smallleftlobe by the attachment ofthe peritoneum of
the falciform ligament (Fig. 2-10). The right lobe 1s further
subdivided into a quadrate lobe and a caudate lobe by the
gallbladder, the fissure for the ligamentum teres, the inferior
vena cava, and the fissure for the ligamentum venosum.
The liver is completely surrounded by a fibrous capsule
but is only partially covered with peritoneum.

PORTA HEPATIS, FISSURES, GROOVES, AND FOSSAE
Porta Hepatis

The porta hepatis (or hilus) of the liver is on the posteroin-
ferior surface of the liver (Fig. 2-10). The upper part of the
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lesser omentum is attached to its margins. Within the porta
hepatis are the right and left hepatic ducts; the right and left
branches of the hepatic artery; and the portal vein, nerves,
and lymph vessels.

Fissure for the Ligamentum Teres

The fissure that contains the ligamentum teres lies
between the left lobe and the quadrate lobe (Fig. 2-10). The
ligamentum teres is the fibrous remains of the umbilical
vein.

Fissure for the Ligamentum Venosum

The fissure that contains the ligamentum venosum lies be-
tween the left lobe and the caudate lobe (Fig. 2-10). The lig-
amentum venosum is the fibrous remains of the ductus
venosus, and the upper part of the lesser omentum 1is
attached to the margins of the fissure.

Groove for the Inferior Vena Cava

The groove for the inferior vena cava lies between the right
lobe and the caudate lobe (Fig. 2-10). Here, the hepatic
veins join the inferior vena cava.

Fossa for the Gallbladder

The fossa for the gallbladder lies between the right lobe and
the quadrate lobe (Fig. 2-10). There 1s no peritoneum be-
tween the gallbladder and the right lobe ofthe liver.

PERITONEAL LIGAMENTS

Falciform [igament

The falciform ligament is a twodayered fold of peritoneum
that attaches the liver to the diaphragm above and to the an-
terior abdominal wall below (Fig. 2-10). It has a sickle-
shaped free margin that contains the ligamentum teres
(the remains ofthe umbilical vein).

Coronary Ligament

The coronary ligament attaches the liver to the diaphragm
(Fig. 2-10). The peritoneal layers forming the ligament are
widely separated, leaving a “bare area” of liver devoid of a
peritoneal covering,.

Right Triangular Ligament

The right triangular ligament is a Vshaped fold of peri-
toneum formed by the right extremity of the coronary liga-
ment (Fig. 2-10). It connects the posterior surface ofthe right
lobe ofthe liver to the diaphragm.

Left Triangular Ligament

The left triangular ligament is formed by the reflection ofthe
peritoneum from the upper surface of the left lobe of the
liver to the diaphragm (Fig. 2-10).
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[LESSER OMENTUM

The upper end ofthe lesser omentum is attached to the mar-
gins of the porta hepatis and the fissure for the ligamentum
venosum. It is attached below to the lesser curvature of the
stomach (Fig. 29).

BLOOD SUPPLY

The hepatic artery, which is a branch ofthe celiac artery,
divides into right and left terminal branches that enter the
porta hepatis. The portal vein divides into right and left ter-
minal branches that enter the porta hepatis behind the ar-
teries. Three or more hepatic veins emerge from the poste-
rior surface ofthe liver and drain into the inferior vena cava.

LYMPH DRAINAGE

The lymph enters nodes in the porta hepatis and then drains
into the celiac nodes. Some lymph passes through the
diaphragm to enter the posterior mediastinal nodes.

NERVE SUPPLY

The liver is supplied by sympathetic and parasympathetic
(vagal) fibers from the celiac plexus. The left vagus nerve
givesrise to a large hepatic branch that travels directly to the
liver.

Gallbladder

The gallbladder is a pearshaped sac lying on the undersur-
face of the liver (Fig. 2-10). It is divided into a fundus, a
body, and a neck. It hasa capacity ofapproximately 30 mL,
and it both stores and concentrates bile by absorbing water.
The neck is continuous with the cystic duct.

BLOOD SUPPLY

Arteries

The cystic artery, which is a branch of the right hepatic
artery, supplies the gallbladder.

Veins

The cystic vein drains into the portal vein.

LYMPH DRAINAGE

The lymph passes to the cystic lymph node near the neck of
the gallbladder, then to the hepatic nodes, and finally to the
celiac nodes.

NERVE SUPPLY

The gallbladder is supplied by sympathetic and parasympa-
thetic vagal fibers from the celiac plexus. The gallbladder
contracts in response to the hormone cholecystokinin,
which 1s produced by the mucous membrane ofthe duode-
num on the arrival of food from the stomach.

GALLSTONES

Gallstones are usually asymptomatic; however, they
can give rise to gallstone colic or produce acute
cholecystitis. Biliary colic is usually caused by spasm
of the smooth muscle of the wall of the gallbladder.
Afferent nerve fibers ascend through the celiac plexus
and the greater splanchnic nerves to the thoracic seg-
ments of the spinal cord. Referred pain is felt in the
right upper quadrant of the epigastrium (T7, 8, and 9
dermatomes).

ACUTE CHOLECYSTITIS

Inflammation of the gallbladder may cause irritation
of the subdiaphragmatic parietal peritoneum, which
is supplied in part by the phrenic nerve (C3, 4, and 5).
This may give rise to referred pain over the shoulder,
because the skin in this region 1s supplied by the supr-
aclavicular nerves (C3 and 4).

Bile Ducts

HEPATIC DUCTS

The right and the left hepatic ducts emerge from the
right and left lobes of the liver in the porta hepatis. Each
hepatic duct is formed by the union of small bile ducts
(bile canaliculi) within the liver. The common hepatic
duct is formed by the union of the right and the left hep-
atic ducts, and 1t 1s joined on the right side by the cystic
duct from the gallbladder to form the bile duct (Fig. 2-10).

CYSTIC DUCT

The cystic duct is an Sshaped duct that connects the neck
of the gallbladder with the common hepatic duct to form
the bile duct (Fig. 2-10). The mucous membrane 1s raised to
form a spiral fold (spiral valve) that keeps the lumen con-
stantly open.

BILE DUCT (COMMON BILE DUCT)

The bile duct is formed by the union of the cystic with the
common hepatic duct (Fig. 2-13). It runs in the right free
margin of the lesser omentum with the portal vein behind
and the hepatic artery on the left. It descends in front ofthe
opening into the lesser sac and passes behind the first part
of the duodenum and then the head of the pancreas. The
bile ductendsbelow by piercing the medial wall ofthe duo-
denum approximately halfway down its length (Fig. 2-13). It
is usually joined by the main pancreatic duct, and, together,
they open into a small ampulla in the duodenal wall called
the ampulla of Vater. The ampulla opens into the lumen of
the duodenum by means ofa small papilla called the major
duodenal papilla (Fig. 2-13). The terminal parts of both



ducts and the ampulla are surrounded by circular smooth
muscle called the sphincter of Oddi. Occasionally, the
bile and the pancreatic ducts open separately into the duo-
denum.

Pancreas

The pancreas is both an exocrine and an endocrine gland.
It 1s an elongated structure that lies on the posterior ab-
dominal wall behind the stomach and behind the peri-
toneum. It may be divided into a head, a neck, a body, and
a tail (Fig. 2-13). The head is disc shaped and lies within
the concavity of the Cshaped duodenum. The uncinate
process is a projection to the left from the lower part of the
head behind the superior mesenteric vessels. The neck is
narrow and connects the head to the body; it lies in front
of the beginning of the portal vein. The body passes
upward and to the left across the midline, and the tail
extends to the hilus of the spleen in the splenicorenal
ligament.

PANCREATIC DUCTS

The main pancreatic duct opens into the second part of
the duodenum with the bile duct on the major duodenal
papilla (Fig. 2-13). The main duct also sometimes drains sep-
arately into the duodenum. The accessory duct (ifpresent)
drains the upper part of the head and opens into the duo-
denum on the minor duodenal papilla.

BLOOD SUPPLY
Arteries

The splenic artery and the superior and inferior pancreati-
coduodenal arteries supply the pancreas.

Veins

The pancreatic veins drain into the portal vein.

LYMPH DRAINAGE

The lymph nodes are situated along the arteries and drain
into the celiac and the superior mesenteric nodes.

NERVE SUPPLY

Sympathetic and parasympathetic vagal nerve fibers from
the celiac plexus supply the pancreas.

Spleen

The spleen i1s the largest single mass of lymphoid tissue in
the body (Fig. 2-13). It lies just beneath the left halfofthe di-
aphragm close to the ninth, the tenth, and the eleventh ribs.
The spleen is ovoid in shape, with a notched anterior bor-
der. It is surrounded by peritoneum that passes from the
hilus to the stomach as the gastrosplenic omentum (liga-
ment) and to the left kidney as the splenicorenal ligament
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(Fig. 29). The gastrosplenic omentum contains the short gas-
tric and the left gastroepiploic vessels, and the splenicorenal
ligament contains the splenic vessels and the tail of the
pancreas.

BLOOD SUPPLY

Artery

The large splenic artery, which i1s a branch of the celiac
artery (Fig. 2-12), supplies the spleen.

Vein

The splenic vein joins the superior mesenteric vein to form
the portal vein.

BLOOD SUPPLY OF THE
GASTROINTESTINAL VISCERA

The celiac artery is the artery of the foregut, and it sup-
plies the gastrointestinal tract from the lower third of the
esophagus down to the middle of the second part of the
duodenum (Fig. 2-12). The superior mesenteric artery is
the artery of the midgut, and it supplies the gastrointestinal
tract from the middle of the second part of the duodenum
to the distal third of'the transverse colon (Fig. 2-14). The in-
ferior mesenteric artery is the artery of the hindgut, and
it supplies the large intestine from the distal third of the
transverse colon to halfway down the anal canal.

Celiac Artery (Trunk)

The celiac artery is a short, large artery that arises from the
front of the abdominal aorta as it emerges through the di-
aphragm (Fig. 2-12). It has three terminal branches: the left
gastric, the splenic, and the hepatic arteries.

LEFT GASTRIC ARTERY

The left gastric artery is a small artery that runs to the cardiac
end of the stomach, gives off a few esophageal branches,
and then turns to the right along the lesser curvature of the
stomach. It anastomoses with the right gastric artery.

SPIENIC ARTERY

The splenic artery is the largest branch of the celiac trunk,
and 1t runs to the left in a wavy course along the upper bor-
der of the pancreas and behind the stomach. On reaching
the left kidney, it enters the splenicorenal ligament and runs
to the hilum ofthe spleen.

Branches

* Pancreatic branches.

» Left gastroepiploic artery: This arises near the hilum of
the spleen and reaches the greater curvature of the stom-
ach in the gastrosplenic omentum. In the greater omen-
tum, it passes to the right along the greater curvature ofthe
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stomach. It anastomoses with the right gastroepiploic
artery.

» Short gastric arteries: Five or six in number, these pass
to the fundus of the stomach in the gastrosplenic omen-
tum. They anastomose with the left gastric artery and the
left gastroepiploic artery.

HEPATIC ARTERY

The hepatic artery* runs forward and ascends within the
lesser omentum (Fig. 2-12). It lies in front ofthe opening into
the lesser sac, and it is placed to the left of the bile duct and
in front ofthe portal vein. At the porta hepatis, it divides into
right and left branches that supply the corresponding lobes
of the liver.

Branches

» Right gastric artery: This runs to the pylorus and then to
the left in the lesser omentum along the lesser curvature of
the stomach. It anastomoses with the left gastric artery.

* Gastroduodenal artery: This descends behind the first
part ofthe duodenum. It divides into the right gastroepi-
ploic artery, which runs along the greater curvature of
the stomach in the greater omentum, and the superior
pancreaticoduodenal artery, which descends between
the second part of the duodenum and the head of the
pancreas.

* Right and left hepatic arteries: These run to the right
and the left lobes ofthe liver. The right hepatic artery usu-
ally gives off the cystic artery, which runs to the neck of

the gallbladder.

Superior Mesenteric Artery

The superior mesenteric artery arises from the front of the
abdominal aorta behind the neck of the pancreas (Fig. 2-
14). It runs downward in front ofthe uncinate process ofthe
pancreas and in front of the third part of the duodenum. It
then continues downward to the right in the root of the
mesentery of the small intestine.

BRANCHES

e Inferior pancreaticoduodenal artery: This passes to
the right as a single or a double branch along the upper
border of the third part of the duodenum and below the
head ofthe pancreas.

* Middle colic artery: This runs into the transverse meso-
colon to supply the transverse colon (Fig. 2-14). It divides
into a right branch, which anastomoses with the right colic
artery, and a left branch, which anastomoses with the left
colic artery.

*The hepatic artery is sometimes divided into the common hepatic
artery, which extends from its origin to the gastroduodenal branch,
and the hepatic artery proper, which is the remainder ofthe
artery.

* Right colic artery: This is often a branch ofthe ileocolic
artery (Fig. 2-14). It passes to the right to supply the
ascending colon.

* lleocolic artery: This passes downward and to the right
(Fig. 2-14). It gives rise to a superior branch, which anas-
tomoses with the right colic artery, and an inferior
branch, which anastomoses with the end ofthe superior
mesenteric artery. The inferior branch gives rise to the
anterior and the posterior cecal arteries; the appen-
dicular artery is a branch ofthe posterior cecal artery.

* Jejunal and ileal branches: There are 12 to 15 ofthese,
which arise from the left side of the superior mesenteric
artery (Fig. 2-14). Each artery divides into branches that
unite with adjacent branches to form arcades. Small,
straight branches supply the intestine.

Inferior Mesenteric Artery

The inferior mesenteric artery arises from the abdominal
aorta approximately 1.5 in. (3.8 cm) above its bifurcation
(Fig. 2-14). This artery runs downward and to the left, and it
crosses the left common iliac artery. Here, its name 1is
changed to the superior rectal artery.

BRANCHES

* Left colic artery: This divides into ascending and de-
scending branches that supply the distal third ofthe trans-
verse colon, the left colic flexure, and the upper part ofthe
descending colon (Fig. 2-14).

» Sigmoid arteries: Two or three in number, these supply
the descending and the sigmoid colon (Fig. 2-14).

* Superior rectal artery: This is a continuation ofthe infe-
rior mesenteric artery, and it descends into the pelvis be-
hind the rectum (Fig. 2-14). It supplies the rectum and
the upper half of the anal canal, and i1t anastomoses
with the middle and the inferior rectal arteries that arise
from the internal iliac and the internal pudendal arteries,
respectively.

Marginal Artery

The colic arteries anastomose around the concave margin
ofthe large intestine, where they form a single arterial trunk
called the marginal artery. The marginal artery begins at
the ileocolic junction and ends at the junction of the
sigmoid colon and the rectum.

Portal Venous System
PORTAL VEIN

The portal vein is approximately 2 in. (5 cm) in length and
is formed behind the neck ofthe pancreas by the union of
the superior mesenteric and the splenic veins (Fig. 2-15). It
ascends to the porta hepatis behind the first part of the duo-
denum and in the free margin ofthe lesser omentum. In the
porta hepatis, it then divides into right and left terminal
branches.
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Figure 2-15 Tributaries ofthe portal vein.

The portal vein drains blood from the gastrointestinal
tract (from the lower end ofthe esophagus to halfway down
the anal canal) as well as from the pancreas, the gall-
bladder, the bile ducts, and the spleen.

TRIBUTARIES

* Splenic vein: This leaves the spleen and unites with the
superior mesenteric vein behind the neck ofthe pancreas

to form the portal vein (Fig. 2-15). It receives the short gas-
tric, the left gastroepiploic, the inferior mesenteric, and
the pancreatic veins.

* Inferior mesenteric vein: This ascends on the posterior
abdominal wall and joins the splenic vein behind the
body of the pancreas (Fig. 2-15). It receives the superior
rectal, the sigmoid, and the left colic veins.

* Superior mesenteric vein: This ascends in the root of
the mesentery ofthe small intestine on the right side ofthe
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artery. It passes in front ofthe third part ofthe duodenum,
and it joins the splenic vein behind the neck of the pan-
creas (Fig. 2-15). It receives the jejunal, the ileal, the ileo-
colic, the right and middle colic, the inferior pancreatico-
duodenal, and the right gastroepiploic veins.

» Left gastric vein: This drains the left portion of'the lesser
curvature of the stomach and the distal part of the esoph-
agus. It opens directly into the portal vein (Fig. 2-15).

* Right gastric vein: This drains the right portion of the
lesser curvature of the stomach. It drains directly into the
portal vein (Fig. 2-15).

* Cystic veins: These drain the gallbladder either directly
into the liver or join with the portal vein (Fig. 2-15).

PORTAL-SYSTEMIC ANASTOMOSES

Portal-systemic anastomoses are important in pa-
tients with cirrhosis of the liver and in whom the por-
tal vein may be obstructed.

» At the lower third of the esophagus, the esophageal
branches ofthe left gastric vein (the portal tributary)
anastomose with the esophageal veins draining the
middle third ofthe esophagus into the azygos veins
(the systemic tributaries).

« Halfway down the anal canal, the superior rectal
veins (the portal tributaries) draining the upper half
of the anal canal anastomose with the middle and
the inferior rectal veins (the systemic tributaries).

* The paraumbilical veins connect the left branch
ofthe portal vein with the superficial veins ofthe an-
terior abdominal wall (the systemic tributaries). The
paraumbilical veins travel in the falciform ligament,
and they accompany the ligamentum teres.

» The veins of the ascending and descending colon,
the duodenum, the pancreas, and the liver (the por-
tal tributaries) anastomose with the renal, the lum-
bar, and the phrenic veins (the systemic tributaries).

KIDNEYS AND URETERS

Kidneys

The kidneys are paired organs that lie behind the peri-
toneum high up on the posterior abdominal wall on either
side of the vertebral column (Fig. 2-16). The right kidney i1s
slightly lower than the left kidney because of the large size
of the right lobe of the liver. With contraction of the di-
aphragm during respiration, both kidneys move by as much
as 1 in. (2.5 cm) downward 1n a vertical direction. On the
medial concave border of each kidney is the hilus, which
extends into a large cavity (the renal sinus). The hilus
transmits the renal pelvis, the renal artery, the renal vein,
and the sympathetic nerve fibers. The kidneys have the
following coverings:

* Fibrous capsule: This is closely applied to its outer
surface.
* Perirenal fat: This is fat that covers the fibrous capsule.

 Renal fascia: This 1s a condensation of areolar tissue out-
side the perirenal fat. It encloses the kidneys and the
suprarenal glands.

 Pararenal fat: This 1s external to the renal fascia and is of-
ten large in amount.

The perirenal fat, the renal fascia, and the pararenal fat
support the kidneys and hold them in position on the
posterior abdominal wall.

RENAL STRUCTURE

The outer cortex i1s dark brown in color, and the inner
medulla is light brown. The medulla is composed of ap-
proximately 12 renal pyramids, each having its base ori-
ented toward the cortex and its apex (the renal papilla)
projecting medially (Fig. 2-17). The cortex extends into the
medulla between adjacent pyramids as the renal columns.
Extending from the bases ofthe renal pyramids into the cor-
tex are striations called medullary rays.

Within the renal sinus, the upper expanded end of the
ureter (the renal pelvis) divides into two orthree major ca-
lyces, each ofwhich in turn divides into two or three minor
calyces (Fig. 2-17). Each minor calyx is indented by the
apex ofthe renal pyramid (the renal papilla).

BLOOD SUPPLY

Artery
The renal artery, which is a branch ofthe aorta, supplies the

kidneys.
Vein

The renal vein drains into the inferior vena cava.

LYMPH DRAINAGE

The lymph drains into the lateral aortic lymph nodes around
the origin ofthe renal artery.

NERVE SUPPLY
The renal sympathetic plexus supplies the kidneys.

Ureters

The two ureters are muscular tubes that extend from the kid-
neys to the posterior surface of the urinary bladder (Fig.
2-16). Each ureter measures approximately 10 in. (25 ¢cm) in
length and has an upper expanded end called the renal
pelvis. The renal pelvis lies within the hilus of the kidney,
where 1t receives the major calyces.

URETERIC CONSTRICTIONS AND STONES

Ureteric stones may be arrested at the following sites:

* Where the renal pelvis joins the ureter.

« Where the ureter is kinked as it crosses the pelvic
brim to enter the pelvis.

 Where the ureter pierces the bladder wall.
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suprarenal gland

— left kidney

right kidney

’ renal pelvis
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aorta

common iliac artery

right ureter ]

psoas L external iliac artery

B

urinary bladder rectum

Figure 2-16 Posterior abdominal wall and the kidneys and ureter in situ. Arrows indicate three

sites where the ureter 1s narrowed.

BLOOD SUPPLY RENAL PAIN

Arteries Renal pain varies from a dull ache to a severe pain in
the flank that may radiate downward into the lower ab-
domen. Renal pain can result from stretching ofthe kid-
ney capsule or spasm ofthe smooth muscle in the renal
pelvis. Afferent nerve fibers ascend through the renal
plexus and reach the spinal cord through the lowest
splanchnic nerve and the sympathetic trunk. They en-
ter the spinal cord atthe level of T12. Pain is commonly

 Upper end: The renal artery.
 Middle portion: The testicular or the ovarian artery.
* Inferior end: The superior vesical artery.

Veins
. . referred along the distribution of the subcostal nerve
The veins ofthe kidney correspond to the relevant arteries. (T12) to the flank and the anterior abdominal wall.
RENAL CoLic
LYMPH DRAINAGE In renal colic, strong peristaltic waves of contraction

pass down the ureter in an attempt to pass a stone on-
ward. The afferent nerves from the ureter enter the
spinal cord at segments T11 and 12 and L1 and 2. The
spasm of the smooth muscle of the ureter causes an

The lymph drains into the lateral aortic and iliac nodes.

NERVE SUPPLY agonizing colicky pain, which is referred to the skin ar-
. cas that are supplied by these segments of the spinal
The renal, testicular (or ovarian), and hypogastric plexuses cord—namely, the flank, loin, and groin.

supply the kidney.
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renal column

pyramid
renal papilla
medullary rays
////////////
Figure 2-17

mids, the renal papillae, and the calyces.

SUPRARENAL (ADRENAL) GLANDS

The two suprarenal glands are located close to the upper
poles ofthe kidneys on the posterior abdominal wall (Fig. 2-
16). They are retroperitoneal and surrounded by renal fas-
cia, butthey are separated from the kidneys by the perirenal
fat. Each gland has a yellow-<colored cortex and a dark
brown medulla.

Blood Supply

ARTERIES

Branches from the inferior phrenic artery, the aorta, and the
renal arteries supply these glands.

VEINS

There 1s a single vein on each side. The right suprarenal vein
drains into the inferior vena cava; the left suprarenal vein
drains into the left renal ve.

capsule

minor calyx

major calyces

renal pelvis

urcter

\\\\\\\\\\\\ e

Longitudinal section through the kidney showing the cortex, the medulla, the pyra-

Lymph Drainage

The lymph drains into the lateral aortic nodes.

Nerve Supply

Numerous preganglionic sympathetic nerves from splanch-
nic nerves supply the suprarenal glands. The majority of
these fibers end on cells in the suprarenal medulla.

AORTA AND INFERIOR VENA CAVA
Abdominal Aorta

The aorta enters the abdomen through the aortic opening
of the diaphragm in front of the twelfth thoracic vertebra
(Fig. 2-18). It descends on the anterior surfaces of the
bodies of the lumbar vertebrae, and it divides into the
two common iliac arteries in front of the fourth lumbar
vertebra.



BRANCHES

 Three anterior visceral branches: the celiac artery,
superior mesenteric artery, and inferior mesenteric
artery.

» Three lateral visceral branches: the suprarenal artery, re-
nal artery, and testicular or the ovarian artery.

» Five lateral abdominal branches: the inferior phrenic
artery and four lumbar arteries.

* Three terminal arteries: two common iliac arteries and the
median sacral artery.

Common Iliac Arteries

The right and the left common iliac arteries are the terminal
branches ofthe abdominal aorta (Fig. 2-18). They run down-
ward and laterally to end opposite the sacroiliac joint by di-
viding into the external and the internal iliac arteries. At the
bifurcation, the common iliac artery is crossed anteriorly by
the ureter on each side.

mferior vena cava

hepatic veins
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Inferior Vena Cava

The inferior vena cava is formed by the union of the com-
mon iliac veins at the level of'the fifth lumbar vertebra (Fig.
2-18). It ascends on the right side of the aorta, pierces the
central tendon of the diaphragm at the level of the eighth
thoracic vertebra, and drains into the right atrium of the
heart.

TRIBUTARIES

» Two anterior visceral tributaries (the hepatic veins).

» Three lateral visceral tributaries: the right suprarenal vein
(the left vein drains into the left renal vein), renal veins,
and right testicular or ovarian vein (the left vein drains into
the left renal vein).

 Five lateral abdominal wall tributaries: the inferior phrenic
vein and four lumbar veins.

* Three veins of origin: two common iliac veins and the
median sacral vein.

cisterna chyli

,._—-d

suprarenal vein L

\

renal vein

testicular artery

external 1liac
artery

deep circumfllex ihac artery

7/

A W

inferior phrenic artery

sympathetic trunk

celiac artery

I suprarenal artery

A |
\ /

l r su?erior mesenteric artery

I / renal artery

h%mbar arteries

|

inferior mesenteric artery

/ " common iliac artery

internal iliac artery

inferior eiigastric artery

\

median sacral artery Lu

Figure 2-18 The aorta and the inferior vena cava.
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subcostal nerve

T12

L1
iliohypogastric nerve
ilioinguinal nerve [2
genitofemoral nerve
lateral cutaneous
nerve of the thigh
L3
L[4

femoral nerve

to lumbosacral trunk

A obturator nerve
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\ |1~ genitofemoral nerve
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femoral nerve

lumbosacral trunk
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Figure 2-19 A. The lumbar plexus and its main branches. B. The lumbar plexus and its branches

on the posterior abdominal wall.
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COMPRESSION OF THE INFERIOR VENA CAvVA

During the later stages of pregnancy, the enlarged
uterus commonly presses on the inferior vena cava,
producing edema of the ankles and feet and tempo-
rary varicosed veins.

Malignant retroperitoneal tumors can cause se-
vere compression and eventual blockage of the infe-
rior vena cava. This results in the dilatation ofthe ex-
tensive anastomoses of the communicating veins
joining the inferior vena cava to the superior vena
cava. The alternative pathway for the blood to return
to the right atrium of the heart i1s referred to as the
caval-caval shunt. The same pathway comes into
effect in patients with a superior mediastinal tumor
compressing the superior vena cava. Clinically, the
enlarged subcutaneous anastomosis between the lat-
eral thoracic vein, a tributary of the axillary vein, and
the superficial epigastric vein, a tributary of the
femoral vein, may be seen on the thoracoabdominal
wall.

LYMPHATICS ON THE POSTERIOR
ABDOMINAL WAILL

Lymph Nodes

The lymph nodes form a preaortic and a right and left
lateral aortic chain.

PREAORTIC LYMPH NODES

The preaortic lymph nodes are on the anterior surface ofthe
abdominal aorta. Their efferent vessels form the intestinal
trunk, which drains into the cisterna chyli. These nodes are
divided into the celiac, the superior mesenteric, and the
inferior mesenteric groups, which lie close to the origins
of these arteries.

[ATERAL AORTIC (PARA-AORTIC, LUMBAR) NODES

The lateral aortic nodes are the right and left groups that lie
alongside the abdominal aorta. Their efferent vessels form
the right and left lumbar trunks that drain into the cis-
terna chyli.

Cisterna Chyli

The thoracic duct commences in the abdomen as an elon-
gated sac (the cisterna chyli), which lies on the right side of
the aorta in front of the first two lumbar vertebrae. The cis-
terna chyli receives the intestinal trunk, the right and left
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lumbar trunks, and the lymph vessels that descend from the
lower part ofthe thorax.

NERVES

Lumbar Plexus

The lumbar plexus is formed by the anterior rami ofthe up-
per four lumbar nerves (Fig. 2-19). It is situated within the
psoas muscle, and its branches emerge from the lateral bor-
der, the medial border, and the anterior surface of the
muscle.

BRANCHES OF THE LUMBAR PLEXUS ON THE
POSTERIOR ABDOMINAL WALL

The branches ofthe lumbar plexus and their distribution are
summarized in Table 2-2.

Table 2-2 Branches of the lumbar Plexus

and Their Distribution
Branches Distribution
[liohypogastric External oblique, internal oblique,

nerve (L1) transversus abdominis muscles

of anterior abdominal wall;

skin over lower anterior

abdominal wall and buttock

[lioinguinal nerve  External oblique, internal oblique,
(L1) transversus abdominis muscles of
anterior abdominal wall; skin of
upper medial aspect of thigh; root
of penis and scrotum in males and
mons pubis and labia majora
in females

Skin of anterior and lateral surfaces

ofthe thigh

Lateral cutaneous
nerve ofthigh
(L2, 3)

Genitofemoral
nerve (LI, 2)

Cremaster muscle in scrotum in male;
skin over anterior surface of'thigh;
nervous pathway for
cremasteric reflex

Iliacus, pectineus, sartorius, quadriceps
femoris muscles; intermediate
cutaneous branches to the skin ofthe
anterior surface ofthe thigh
and by saphenous branch to the skin
ofthe medial side ofthe leg and foot;
articular branches to hip and
knee joints

Gracilis, adductor brevis, adductor
longus, obturator externus,
pectineus, adductor magnus (adductor
portion); skin on medial
surface ofthigh; articular
branches to hip and knee joints

Quadratus lumborum and psoas

muscles

Femoral nerve
(L2, 3,4)

Obturator nerve
(L2, 3,4)

Segmental
branches
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Iliohypogastric Nerve (LI)

The iliohypogastric nerve emerges from the lateral border of
the psoas (Fig. 2-19). It runs forward to supply the transver-
sus abdominis, the internal and external oblique muscles,
and the skin above the inguinal ligament.

[lioinguinal Nerve (L)

The ilioinguinal nerve emerges from the lateral border ofthe
psoas (Fig. 2-19). It runs forward through the inguinal canal
and exits through the superficial inguinal ring. It supplies the
transversus abdominis, internal oblique, and external
oblique muscles. It also supplies the skin just above the sym-
physis pubis and the scrotum or labium majus.

Lateral Cutaneous Nerve of the Thigh (I2 and 3)

The lateral cutaneous nerve of the thigh emerges from the
lateral border of the psoas, crosses the iliacus muscle, and
enters the thigh behind the inguinal ligament (Fig. 2-19).

sympathetic trunk ——

:__l\

Femoral Nerve (1.2, 3, and 4)

The femoralnerve is the largest branch ofthe lumbar plexus
(Fig. 2-19). It emerges from the lateral border of the psoas
and descends between the psoas and the iliacus muscles to
enter the thigh lateral to the femoral vessels.

Genitofemoral Nerve (LI and 2)

The genitofemoral nerve emerges on the anterior surface of
the psoas muscle (Fig. 2-19). It divides into a genital
branch, which supplies the cremaster muscle, and a

femoral branch, which supplies a small area of skin in the
thigh.

Obturator Nerve (L2, 3, and 4)

The obturator nerve emerges from the medial border of
the psoas muscle. It runs forward on the lateral wall of the

pelvis and enters the thigh through the obturator foramen
(Fig. 2-19).

aorta opening in diaphragm

celiac plexus

superior mesenteric plexus

renal plexus

aortic plexus

—_

Q inferior mesenteric plexus

hypogastric plexus

Figure 2-20 The aorta and related sympathetic plexuses.



Abdominal Part of the Sympathetic
Trunk and Autonomic Plexuses

SYMP ATHETIC TRUNK

The abdominal part of the sympathetic trunk is continuous
with the thoracic part above and with the pelvic part of the
sympathetic trunk below. It runs downward along the me-
dial border ofthe psoas muscle on the bodies ofthe lumbar
vertebrae. It enters the abdomen from behind the medial ar-
cuate ligament, and 1t gains entrance to the pelvis below by
passing behind the common iliac vessels. The sympathetic

trunk possesses four or five segmentally arranged ganglia
(Fig. 220)

BRANCHES

« White rami communicantes join the first two ganglia
with the first two lumbar spinal nerves. A white ramus
contains preganglionic and afferent sensory nerve fibers.

 Gray rami communicantes join each ganglion to a cor-
responding lumbar spinal nerve. A gray ramus contains
postganglionic nerve fibers.

» Fibers pass medially to the sympathetic plexuses on the
abdominal aorta and its branches. (These plexuses also
receive fibers from the splanchnic and the vagus nerves.)

» Fibers pass downward and medially to enter the pelvis,
where together with branches from the sympathetic
nerves in front of the aorta they form a large bundle of
nerve fibers called the superior hypogastric plexus.

CELJAC PLEXUS

The celiac plexus is situated around the root of the celiac
artery (Fig. 2-20). It receives sympathetic fibers from the
greater and lesser splanchnic nerves and parasympathetic
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fibers from the vagus nerve. Branches from the plexus are
distributed along branches ofthe celiac artery.

SUPERIOR MESENTERIC PLEXUS

The superior mesenteric plexus is situated around the root
of the superior mesenteric artery (Fig. 2220). It is continu-
ous above with the celiac plexus, and it receives a branch
from the right vagus nerve. Branches from the plexus are
distributed along branches of the superior mesenteric
artery.

INFERIOR MESENTERIC PLEXUS

The inferior mesenteric plexus is situated around the root of
the inferior mesenteric artery (Fig. 2-20). It is continuous
with the aortic plexus, and it receives branches from the
lumbar part of the sympathetic trunk and parasympathetic
fibers from the pelvic splanchnic nerve. Branches from
the plexus are distributed along branches of the inferior
mesenteric artery.

AORTIC PLEXUS

The aortic plexus is a continuous plexus around the ab-
dominal aorta (Fig. 2-20). Regional concentrations are
known as the celiac, the renal, the superior mesenteric, and
the inferior mesenteric plexuses.

MUSCLES OF THE POSTERIOR
ABDOMINAL WALL

The muscles of the posterior abdominal wall are
summarized in Table 2-3.

>

Table 2-3 Muscles ofthe Posterior Abdominal Wall

iliac crest,
transverse processes
oflower lumbar
vertebrae

Iliacus Iliac recess

femur

Name of Muscle Origin Insertion Nerve Supply Action

Psoas Transverse processes, With iliacus into Lumbar plexus Flexes thigh on trunk; if thigh
bodies, and lesser trochanter of 1s fixed, flexes the trunk
intervertebral discs femur on the thigh (as in sitting
of twelfth thoracic up from lying down)
and five lumbar
vertebrae

Quadratus lumborum [liolumbar ligament, Twelfth rib Lumbar plexus Depresses twelfth rib

With psoas into lesser
trochanter of

during respiration;
laterally flexes vertebral
column to same side
Femoral nerve Flexes thigh on trunk; if
thigh 1s fixed, flexes the
trunk on the thigh (asin
sitting up from
lying down)
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REVIEW Match the numbered structures shown on the anteroposterior
©0000000000000000000000000000000000000000000000000000000000000000000000000000000 e radiograph Ofthe StomaCh and Small intestine aﬁer ingestlon
ofa barium meal with the appropriate lettered structures.

Matching Questions

Match the numbered structures shown on the anteroposterior
radiograph of the abdomen with the appropriate lettered
structures.

6. Structure 1 A. Jejunum
7. Structure 2 B. Pylorus
8. Structure 3 C. Lesser curvature ofthe stomach
9. Structure 4 D. First part ofthe duodenum
10. Structure 5 E. Antrum ofthe stomach
F. None ofthe above

Match the numbered structures shown on the CI'scan ofthe
abdomen at the level of the second lumbar vertebra after
intravenous pyelography with the appropriate lettered
structures.

1. Structure 1 A. Sacroiliac joint
2. Structure 2 B. Pedicle ofthe fourth lumbar
3. Structure 3 vertebra
4. Structure 4 C. Iliopectineal line
5. Structure 5 D. Transverse process of the fifth
lumbar vertebra
E. Psoas muscle
F. None ofthe above

11. Structure 1 A. Aorta
12. Structure 2 B. Vertebral body
13. Structure 3 C. Gallbladder
14. Structure 4 D. Pancreas
15. Structure 5 E. Left ureter
F. Inferior vena cava
G. None ofthe above



Match the numbered structures shown on the anteroposterior
radiograph ofthe abdomen after administration of'a contrast
enema with the appropriate lettered structures.

16.
17.
18.
19.
20.

Structure 1
Structure 2
Structure 3
Structure 4
Structure 5

mTmoaw

Sigmoid colon
Ascending colon
Rectum
Descending colon
Transverse colon
None ofthe above

Match the numbered areas shown on the previous radio-
graph of the abdomen with the appropriate lettered arterial

supply.

21.
22.
23.
24.
25.

Area 1
Area 2
Area 3
Area 4
Area 5

>

moNw

g2

Sigmoid arteries from the inferior
mesenteric artery

Middle colic artery

Superior rectal artery

Left colic artery

Right colic and colic branch of
the ileocolic artery

None ofthe above
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Match the numbered structures shown on the anteroposterior
radiograph of both kidneys after intravenous injection of an
iodine-containing compound with the appropriate lettered
structure.

26. Structure 1 A. Pelvis ofthe left kidney

27. Structure 2 B. Pedicle ofthe lumbar vertebra
28. Structure 3 C. Minor calyx

29. Structure 4 D. Gas in the intestine

30. Structure 5 E. Major calyx

F. Rightureter
G. None ofthe above

Completion Questions

Select the phrase that best completes each statement.

31. Pain due to a gastric ulcer may be referred to the
umbilical region.

right iliac region.

epigastric region.

penis or clitoris.

None ofthe above.

Mo 0w

32. Pain caused by appendicitis may first be referred to the
right iliac region.

umbilical region.

point ofthe shoulder.

epigastric region.

below the right shoulder blade.

Mo 0w

33. Intermittent pain (colic) in the small intestine may be
referred to

the epigastric region.

the left iliac region.

just above the symphysis pubis.

the umbilical region.

None ofthe above.

Mo QW
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34

35.

36.

37.

38.

39.

40.

41.

42.
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Pain caused by the passage ofa stone down the lower
end ofthe left ureter may be referred to the

umbilical region.

right iliac region.

epigastric region.

penis or clitoris.

None ofthe above.

mo 0w

The short gastric arteries originate from the
superior mesenteric artery.

hepatic artery.

splenic artery.

inferior phrenic artery.

left renal artery.

e right gastric artery originates from the
inferior mesenteric artery.
superior mesenteric artery.
hepatic artery.
gastroduodenal artery.
None ofthe above.

e left gastric artery originates from the
superior mesenteric artery.
left renal artery.
splenic artery.
celiac artery.
hepatic artery.

e gastroduodenal artery originates from the
splenic artery.
hepatic artery.
superior mesenteric artery.
right renal artery.
celiac artery.

¢ left gastroepiploic artery originates from the
inferior mesenteric artery.
superior mesenteric artery.
splenic artery.
celiac artery.
left renal artery.

moOwWprpd BOOWrd HOOWP>d HOOWPS>Hd BOOW >

The descending colon receives parasympathetic
nerves from the

A. pelvic splanchnic nerves.

spinal cord segments L1 and 2.

greater splanchnic nerve.

lesser splanchnic nerve.

vagus nerve.

¢ jejunum receives sympathetic nerves from the
vagus nerves.
pelvic splanchnic nerves.
spinal cord segments L1 and 2.
greater splanchnic nerves and lesser splanchnic
nerves.
spinal cord segments S2, 3, and 4.

SNWrd MUOW
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The sigmoid colon receives sympathetic nerves from
the

A. lesser splanchnic nerves.

B. vagusnerves.

43.

44.

45.

46.

47.

48.

49.

50.

C. greater splanchnic nerves.
D. spinal cord segments T5 to 9.
E. spinal cord segments L1 and 2.

The ileum receives parasympathetic nerves from the
vagus nerves.

pelvic splanchnic nerves.

lesser splanchnic nerves.

spinal cord segments T10 and 11.

inferior mesenteric plexus.

€ aZygos velin passes in the diaphragm.
through the aortic hiatus

through the esophageal hiatus

through the vena caval hiatus

through perforations in the crura

between the slips of origin of the diaphragm from

the ribs

MONWrd POOW >

The thoracic duct passes through in the
diaphragm.

the esophageal hiatus

the vena caval hiatus

the aortic hiatus

perforations in the crura

None ofthe above.

>

€ vagus nerves pass -1n the diaphragm?
through the vena caval hiatus
through the aortic hiatus
between the slips of origin of the diaphragm from
the ribs
through the esophageal hiatus
through the perforation is the crura

AWprd MOUNW
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The i1liohypogastric nerve, a branch of the lumbar
plexus, emerges from the psoas muscle on its

A. medial side.

B. anterior surface.

C. lateralside.

D. posterior surface.

E. None ofthe above.

The obturator nerve, a branch of the lumbar plexus,
emerges from the psoas muscle on its

anterior surface.

posterior surface.

medial side.

upper border.

lateral side.

Mo 0w

The genitofemoral nerve, a branch of the lumbar
plexus, emerges from the psoas muscle on its

A. lateral side.

B. posterior surface.

C. medial side.

D. anterior surface.

E. None ofthe above.

The femoral nerve, a branch of the lumbar plexus,
emerges from the psoas muscle on its

A. lateral side.

B. medial side.



51.

52.

53.

54.

55.

56.

57.

C. anterior surface.
D. posterior surface.
E. lowerborder.

The ilioinguinal nerve, a branch ofthe lumbar plexus,
emerges from the psoas muscle on its

medial side.

inferior border.

lateral side.

anterior surface.

posterior surface.

MU0

Lymphatic spread of carcinoma of the fundus of the
stomach is likely to metastasize to the

internal iliac nodes.

superior mesenteric nodes.

inferior mesenteric nodes.

celiac nodes.

right gastroepiploic nodes.

Mo 0w

Infection from an inflamed appendix is likely to spread
via the lymphatics to the

superior mesenteric nodes.

celiac nodes.

splenic nodes.

inferior mesenteric nodes.

right internal iliac nodes.

moOw»

Lymphatic spread of carcinoma of'the right side ofthe
greater curvature ofthe stomach 1s likely to metastasize
to the

left renal nodes.

celiac nodes.

superior mesenteric nodes.

right gastroepiploic nodes.

splenic nodes.

MU Om P

Lymphatic spread ofcarcinoma ofthe sigmoid colon is
likely to metastasize to the

left common iliac nodes.

inferior mesenteric nodes.

superior mesenteric nodes.

celiac nodes.

para-aortic nodes.

Mo Wy

Bacteria from diverticulitis of the proximal two thirds
of the transverse colon are likely to spread via lymph
vessels to the

inferior mesenteric nodes.

celiac nodes.

para-aortic nodes.

superior mesenteric nodes.

left renal nodes.

Mo Ow»>

The skin of the umbilicus receives its sensory innerva-
tion from

T7.

TI10.

LI1.

T12.

[2.

Mo 0w

58.

59.

60.
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In both sexes, the inguinal canal is formed by the
descent of the gonad.

contraction ofthe gubernaculum.

processus vaginalis.

growth and descent of the ilioinguinal nerve.
contraction ofthe cremaster muscle.

e lacunar ligament is
formed from the conjoint tendon.
part ofthe posterior wall of the rectus sheath.
not continuous with the inguinal ligament.
an important medial relation to the femoral ring of
the femoral sheath.
attached to the inferior ramus ofthe pubis.

oNwWrd MOUNWR
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The suprarenal gland receives its arterial supply from the
aorta, inferior phrenic, and renal arteries.

lumbar arteries.

superior phrenic artery.

testicular (ovarian) artery.

subcostal artery.

Mmoo 0w

Multiple-Choice Questions

Select the best answer for each question.

61.

62.

63.

The following statements concerning the abdominal

aorta are correct except which?

A. The aorta lies in the midline ofthe abdomen.

B. The aorta bifurcates into the right and left common
iliac arteries.

C. The level ofbifurcation ofthe aorta is the fifth lum-
bar vertebra.

D. The aorta lies on the left side of the inferior vena
cava.

E. The aorta 1s related to the anterior surface of the
bodies ofthe lumbar vertebrae.

The statements concerning the following arteries are

correct except which?

A. The superior epigastric artery descends in the rectus
sheath posterior to the rectus abdominis muscle.

B. The superior mesenteric artery descends posterior
to the third part of the duodenum.

C. The gonadal arteries cross in front ofthe ureters on
both sides.

D. The gastroduodenal artery 1s directly related to the
posterior surface of'the first part of the duodenum.

E. The appendiculararteryisabranch ofthe posterior
cecal artery.

The statements concerning the following veins are cor-

rect except which?

A. The inferior mesenteric vein is usually a direct trib-
utary ofthe splenic vein.

B. The portal vein is formed by the union of the
splenic vein and superior mesenteric vein.

C. The hepatic veins emerge from the posterior sur-
face of the liver and drain into the inferior vena
cava.



72

64.

635.

66.

67.
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D. The renal vein emerges from the hilum of the kid-
ney in front of the renal artery and drains into the
inferior vena cava.

E. The inferior vena cava pierces the central tendon
of the diaphragm at the level of the tenth thoracic
vertebra.

The following statements concerning the lymphatics of

the abdomen are correct except which?

A. The intestinal, right, and left lumbar trunks drain
into the cisterna chyli.

B. The lymphatic drainage ofthe kidney is directly to
the superior mesenteric nodes.

C. The thoracic ductbeginsin the abdomen atthe cis-
terna chyli.

D. The cisterna chyli lies in front of the first two lum-
bar vertebrae.

E. The lymph vessels from the testes drain into the
para-aortic nodes at the level of the first lumbar
vertebra.

The following statements concerning the abdominal

peritoneal omenta and ligaments are correct except

which?

A. The gastrosplenic omentum contains the short gas-
tric arteries and the left gastroepiploic artery.

B. The splenicorenal ligament contains the tail of the
pancreas.

C. The lesser omentum 1s attached superiorly to the
porta hepatis of the liver.

D. The greater omentum i1s attached to the upper bor-
der ofthe transverse colon.

E. The coronary ligament ofthe liver is the main sup-
port for this organ.

The following imformation concerning the sensory in-
nervation of the abdominal peritoneum is correct ex-
cept which?

A. The peritoneum on the central part of the inferior
surface ofthe diaphragm is supplied by the phrenic
nerves.

B. The peritoneum forming the mesentery ofthe small
intestine 1s innervated by autonomic nerves.

C. The peritoneum on the peripheral part of the infe-
rior surface of the diaphragm is supplied by the
phrenic nerves.

D. The peritoneum lining the anterior abdominal wall
in the right lower quadrant is supplied by T12 and
LI spinal nerves.

E. The peritoneum lining the lateral wall of the pelvis
is supplied by the obturator nerve.

The following statements concerning the right kidney

are correct except which?

A. The renal papillae open directly into the major
calyces.

B. The kidney lies slightly lower than the left kidney.

C. The right suprarenal gland covers its upper pole.

D. The medulla is composed ofapproximately twelve
renal pyramids.

E. At the junction of the renal pelvis with the ureter,

the lumen ofthe ureter is narrowed.
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The following statements concerning the wall of the

scrotum are correct except which?

A. Itis covered by skin.

B. It possesses superficial fascia that contains smooth
muscle called the dartos muscle.

C. It has the external spermatic fascia derived from
the external oblique aponeurosis.

D. It has cremasteric fascia derived from the internal
oblique muscle.

E. Ithasthe internal spermatic fascia derived from the
fatty layer of the superficial fascia.

The following statements concerning the epi-
didymides are correct except which?

Each has a head, a body, and a tail.

Each lies anterior to the testis.

Each is made up ofa coiled tube.

The vas deferens emerges from the tail.

They provide storage space for the spermatozoa
prior to ejaculation.

moOwy

The following statements concerning the spermatic
cord are correct except which?

A. Itiscovered with three layers offascia derived from
the anterior abdominal wall.

It contains the vas deferens.

The testicular artery and vein lie within it.

The inferior epigastric artery passes through it.

It contains the genital branch ofthe genitofemoral
nerve.

monw

The following statements concerning the sigmoid

colon are correct except which?

A. Itis a continuation ofthe descending colon.

B. It begins above in front of the left quadratus lum-
borum muscle.

C. It receives its arterial supply from the inferior
mesenteric artery.

D. It becomes continuous with the rectum in front of
the third sacral vertebra.

E. Itisattached to the posterior pelvic wall by the sig-
moid mesocolon.

The following statements concerning the liver are cor-

rect except which?

A. TIts lymph drainage is to the celiac nodes.

B. The quadrate and the caudate loves are function-
ally part of the left lobe.

C. Its parasympathetic innervation is from the vagus
nerve.

D. Itreceives highly oxygenated blood from the portal
veln.

E. The triangular ligaments connect the liver to the
diaphragm.

The following differences exist between the ileum and

the ascending colon except which?

A. The ascending colon has appendices epiploicae,
whereas the ileum does not.

B. The arterial supply to the wall of the ileum is ar-
ranged so that it produces areas of weakness
through which mucosal herniations may occur.
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C. The ascending colon may have a well-developed
marginal artery, whereas the lleum does not.

D. The ileum has longitudinal muscle that forms a
continuous layer around the wall, whereas the as-
cending colon has teniae coli.

E. The ascending colon is retroperitoneal, whereas
the i1leum is intraperitoneal.

The following statements concerning the duodenum

are correct except which?

A. The lower half of the duodenum receives its arte-
rial supply from the superior mesenteric artery via
the inferior pancreaticoduodenal artery.

B. The first part of the duodenum is completely
retroperitoneal.

C. The bile duct enters the second (vertical) portion
ofthe duodenum.

D. Lymph from the fourth part of the duodenum
drains into the superior mesenteric nodes.

E. The third partofthe duodenum passes horizontally
to the left in front of the vertebral column and be-
hind the root ofthe mesentery.

The following statements concerning the appendix are

correct except which?

A. The appendix is situated in the right iliac region.

B. At the base ofthe appendix, the teniae coli of the
cecum fuse to from a complete longitudinal mus-
cle layer in the wall ofthe appendix.

C. Afferent pain nerve fibers accompany the sympa-
thetic nerves and enter the spinal cord at the level
ofthe tenth thoracic segment.

D. The appendix receives its blood supply from a
branch ofthe posterior cecal artery.

E. The tip of the appendix cannot reach down into
the pelvic cavity.

The lesser omentum contains the following important
structures except which?

A. The left gastric artery

B. The portal vein

C. The inferior vena cava

D. The bile duct
E. The common hepatic artery

The following statements concerning the pyloric

sphincter are correct except which?

A. It receives its motor innervation from the sympa-
thetic autonomic nerves.

B. It lies on the level of the third lumbar vertebra.

C. Itisinhibited by the impulses passing down the va-
gus nerves.

D. Itis formed by a thickening of'the circular layer of
smooth muscle in the stomach wall.

E. The cavity ofthe pylorusis called the pyloric canal.

The following structures form the boundaries ofthe en-
trance into the lesser sac (epiploic foramen) except
which?

A. The inferior vena cava

B. The bile duct
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C. The portal vein
D. The quadrate lobe ofliver
E. The first part ofthe duodenum

After complete occlusion of the origin of the inferior

mesenteric artery with a blood clot, the blood supply

ofthe left portion ofthe colon is maintained by the fol-

lowing arteries except which?

A. The marginal artery

B. The middle colic artery

C. The left lumbar arteries

D. Anastomoses between the superior, middle, and
inferior hemorrhoidal arteries

E. The sigmoid arteries

The following statements concerning the gallbladder

are correct except which?

A. The arterial supply is from the cystic artery, which
is a branch ofthe right hepatic artery.

B. The fundus of the gallbladder is located just be-
neath the tip ofthe right ninth costal cartilage.

C. The peritoneum completely surrounds the fundus,
the body, and the neck.

D. The nerves ofthe gallbladder are derived from the
celiac plexus.

E. Pain sensation from gallbladder disease may be re-
ferred along the phrenic and the supraclavicular
nerves to the skin over the shoulder.

In patients with an obstruction of the superior vena
cava, blood may return to the right atrium through the
following anastomotic channels except which?

A. The lateral thoracic, lumbar, and superficial epi-
gastric veins

The superior and inferior epigastric veins

The lateral thoracic, paraumbilical, and portal veins
The posterior intercostal and lumbar veins

The lateral thoracic veins

monw

The following structures could be eroded as the result
of perforation of an ulcer in the posterior wall of the
stomach except which?

The splenic artery

The right kidney

The pancreas

The left kidney

The spleen

moOwz

The following statements concerning the left ureter are

correct except which?

A. It lumen is constricted at the point where it crosses
the brim ofthe pelvis.

B. Its arterial supply is derived from the renal artery

above, the gonadal artery halfway down, and the

superior vesical artery below.

The inferior mesenteric vein lies on its medial side.

It lies in direct contact with the tips of the trans-

verse processes of the lumbar vertebrae.

E. It is situated on the posterior abdominal wall be-
hind the peritoneum.

SRS
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The following structures are connected to the liver ex-
cept which?

The falciform ligament

The coronary ligament

The greater omentum

The ligamentum teres

The ligamentum venosum

moOw»>

The following statements concerning the superficial in-

guinal ring are correct except which?

A. ltisa perforation in the aponeurosis ofthe external
oblique muscle.

B. Its greatest width lies above and medial to the pu-
bic tubercle.

C. ltisstrengthened posteriorly by the conjoint tendon.

D. The internal spermatic fascia i1s attached to its
margins.

E. In males, it allows passage of the spermatic cord
and ilioinguinal nerve.

The following statements concerning the superficial

fascia ofthe anteriorabdominal wall are correct except

which?

A. It has a superficial fatty layer and a deep membra-
nous layer.

B. Scarpa’s fascia fuses with the fascia lata just below
the inguinal ligament.

C. Camper’s fascia 1s continuous with the Colles’ fas-
cia in the perineum.

D. It is continuous with the dartos muscle in the wall
of the scrotum.

E. Itdoesnot contribute to the femoral sheath.

The rectus sheath contains the following structures ex-
cept which?

The pyramidalis muscle (when present)

The ligamentum teres

The inferior epigastric artery

The T7 to 12 anterior nerve rami

The rectus abdominis muscle

MmO QW

The following statements concerning the epididymis
are correct except which?

It lies within the scrotum.

It 1s partially covered by the tunica vaginalis.

It is easily palpated through the scrotal wall.

It is supplied by the testicular artery.

Its lymph drains into the superficial inguinal nodes.

Mo QW

The jejunum and ileum can be differentiated on the

basis ofthe following anatomic features except which?

A. Numerous (four to five) arterial arcades are associ-
ated with the jejunum.

B. The plicae circulares are much more prominent in
the jejunum than in the ileum.

C. Fat depositions are generally present throughout
the mesentery associated with the ileum.

D. The jejunum is generally located in the upper left
region ofthe abdominal cavity.

E. Peyer’s patches are characteristic of the lower
ileum and may be visible on the surface.
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The spermatic cord contains the following structures
except which?

The scrotal arteries and veins

The vas deferens

The pampiniform plexus

The testicular artery

Autonomic nerves

moaOws

The following structures pass through the esophageal
hiatus in the diaphragm except which?

The left vagus nerve

Branches ofthe left gastric artery

The left phrenic nerve

The right vagus nerve

A tributary ofthe portal vein

moOwp

The following statements regarding the peritoneum are

correct except which?

A. The parietal peritoneum is sensitive to pain, tem-
perature, touch, and pressure.

B. The parietal peritoneum lining the anterior ab-
dominal wall is innervated by the lower six tho-
racic and the first lumbar spinal nerves.

C. The visceral peritoneum i1s innervated by the pos-
terior primary rami of the twelfth thoracic and the
lumbar spinal nerves.

D. The visceral peritoneum is only sensitive to stretch.

E. The peritoneum lining the lesser sac has a sensory
nerve supply.

If the portal vein becomes blocked, the following ve-

nous anastomoses are important in uniting the portal

with the systemic venous systems except which?

A. Esophageal branches of'the left gastric and azygos
veins

B. Veins of the ligamentum teres and paraumbilical
veins

C. The superior and inferior rectal veins

D. The right colic veins and lumbar veins

E. The middle and inferior rectal veins

In a patient with cancer ofthe stomach who requires a
total gastrectomy, the following arteries must be lig-
ated except which?

The common hepatic artery

The short gastric arteries

The left and the right gastroepiploic arteries

The right gastric artery

The left gastric artery

Mo 0w

When performing a midline abdominal paracentesis
(tapping the abdominal cavity) below the umbilicus,
the cannula will pass through the following anatomic
structures except which?

The skin and the fascia

The linea alba

The transversalis fascia and extraperitoneal fat
The rectus abdominis muscle

The parietal peritoneum

moaOwx
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The following statements are correct regarding an in-

guinal hernia except which?

A. The inferior epigastric artery lies medial to the neck
ofan indirect inguinal hernia.

B. Aninguinal hernia is more common than a femoral
hernia in females.

C. Adirectinguinal hernia is more common in elderly
men than in boys.

D. The opening ofthe sac ofa direct inguinal hernia is
wide.

E. The contents ofan indirect inguinal hernia may be
strangulated against the lacunar ligament.

The following statements regarding the portal vein are

correct except which?

A. Ttcourses through a portion ofthe lesser omentum.

B. It enters the liver at the porta hepatis.

C. It receives venous blood from both the large and
the small intestines.

D. It originates at the junction of the superior mesen-
teric and the splenic veins.

E. Itpassesin front ofthe neck ofthe neck ofthe pan-
creas.

If the common hepatic artery is unavoidably ligated

during surgery, the arterial supply to the liver is main-

tained by the following anastomotic connections ex-

cept which?

A. The superior pancreaticoduodenal artery anasto-
mosing with the inferior pancreaticoduodenal artery

B. The right gastric artery anastomosing with the left
gastric artery

C. The gastroduodenal artery anastomosing with the
splenic artery

D. The esophageal arteries anastomosing with the in-
ferior phrenic arteries

E. The right gastroepiploic artery anastomosing with
the left gastroepiploic artery

The following general statements are correct except

which?

A. The superior and inferior epigastric vessels anasto-
mose on the posterior surface of the rectus abdo-
minis muscle.

B. The inguinal ligament is attached laterally to the
anterior inferior iliac spine.

C. The abdominal aorta bifurcates below into the two
common iliac arteries.

D. The foregutendsin the second segment ofthe duo-
denum.

E. The umbilicus is inconstant in position but is usu-
ally located at the level of 4.

The following veins drain directly into the inferior vena
cava except which?

The hepatic veins

The renal veins

The lumbar veins

The inferior mesenteric vein

The right testicular (ovarian) vein

mo 0wy
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When tappinga hydrocele (collection offluid in the tu-
nica vaginalis), the cannula must pierce the following
structures except which?

A. The skin

B. The fatty subcutaneous tissue

C. Dartos muscle

D. The cremasteric fascia

E. The external and internal spermatic fasciae

The following structures are present in the porta hep-
atis except which?

A. Lymph nodes

B. The right and left branches ofthe portal vein

C. The right and left hepatic ducts

D. The right and left hepatic veins

E. The right and left branches ofthe hepatic artery

The following statements regarding the celiac plexus

are correct except which?

A. The celiac plexusisnota purely sympathetic plexus.

B. The celiac plexus does not surround the celiac
artery.

C. The celiac ganglia are made of nerve cell bodies
and nerve fibers.

D. Parasympathetic preganglionic fibers pass through
the plexus, generally synapsing with postgan-
glionic neurons within the walls of the organs they
innervate.

E. Sympathetic preganglionic fibers to the celiac
plexus originate from thoracic spinal segments and
travel in thoracic splanchnic nerves.

The right kidney has the following important relation-
ships except which?

It is related to the neck ofthe pancreas.

It is anterior to the right costodiaphragmatic recess.
It is related to the second part ofthe duodenum.

It is related to the right colic flexure.

It is anterior to the right twelfth rib.

moOwp>

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

A 45-year-old obese woman complaining of indi-
gestion was admitted to hospital for investiga-
tion. She had a pasthistory of gallstones and tran-
sient attacks of jaundice. Large gallstones have
been known to erode through the posterior wall
ofthe gallbladder and enter the intestinal tract.

105.

Which part of the intestinal tract is likely to initially
contain the stone?

The sigmoid colon

The descending colon

The transverse colon

The ascending colon

The jejunum

Mmoo 0wy

A 53-year-old man was admitted to hospital
complaining of a chronic gastric ulcer that was
not responding to medical treatment. The sur-
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106. Which of the following is likely to result from this pro-

107. Assumingthe ulcer had perforated the posterior wall of
the first part of the duodenum, name the artery that is

108.

109. The skin in the right lower quadrant was tender to
touch because which of the following nerves was

CHAPTER2 Abdomen

geon decided to perform a vagotomy. The ante-
rior vagal trunk was divided between sutures as
it lies on the anterior surface of the abdominal
part of the esophagus.

cedure?

A. Alossofsecretomotor nerve supply to the mucosal

glands ofthe stomach.

B. Hoarse voice because of paralysis of the intrinsic

muscles ofthe larynx on the left side.

C. Increased heart rate because of decreased

parasympathetic input to the cardiac plexus.

D. Incontinence because of an absence of parasym-

pathetic input to the bladder.

D. Compromised input into the greater splanchnic

ncerves.

A 54-year-old man with a long history of duode-
nalulcer was seen in the emergency department
after vomiting blood-stained fluid and exhibiting
all the signs and symptoms of severe hypov-
olemic (loss ofblood) shock.

most likely to have been eroded.
The splenic artery

The right gastric artery

The gastroduodenal artery
The right gastroepiploic artery
The right renal artery

Mo 0w

would the duodenal contents have entered?
A. The lesser sac

B. The right anterior subphrenic space

C. The left lateral paracolic gutter

D. The right posterior subphrenic space

E. The pouch of Douglas

A 10-year-old girl was seen in the emergency de-
partment with a temperature of 101°F, a furred
tongue, and pain in the right iliac region. On
physical examination, the skin in the right lower
quadrant was hyperesthetic and tender to touch,
and the abdominal muscles showed rigidity and
guarding. A diagnosis of acute appendicitis was
made.

(were) stimulated by the inflamed appendix?
The eighth right intercostal nerve

The tenth right intercostal nerve

The subcostal and first lumbar nerves

SN w>

the appendix
The seventh right thoracic nerve

e

If the duodenal ulcer had perforated the anterior wall
of the duodenum, where in the peritoneal cavity

The sympathetic autonomic afferent nerves from

110. Which ofthe following muscles was (were) contracted
in the right lower quadrant to produce the increased
tone and guarding?

Snwp»
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The right rectus abdominis muscle

The right pyramidalis muscle

The right psoas muscle

The right external oblique, internal oblique, and
transversus abdominis muscles

The right quadratus lumborum muscle
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10. A 18. A 26. D
11. C 19. D 27. F
12. F 20. C 28. E
13. E 21. E 29. A
14. A 22. B 30. C
15. D 23. A 31. C
16. B 24. D 32. B

Pain from the upper end of'the ureter is referred
to the back behind the kidney. Pain from the
middle region of the ureter is referred to the in-
guinal region, and pain from the lower end is re-
ferred to the penis or clitoris. This is because the
afferent nerves enter the spinal cord at different
levels, so the pain is referred along the spinal
nerves originating from those spinal cord levels.

42. E 49. D 56. D
43. A 50. A 57. B
44. A 51. C 58. C
45. C 52. D 59. D
46. D 53. A 60. A
47. C 54. D

48. C 55. B

The aorta bifurcates into the two common iliac
arteries at the level ofthe fourth lumbar vertebra.
The superior mesenteric artery descends anterior
to the third part ofthe duodenum.

The inferior vena cava pierces the central tendon
of the diaphragm at the level of the eighth tho-
racic vertebra.

The lymphatic drainage ofthe kidneys is into the
lateral (para-aortic) group of lymph nodes.

The attachment of the hepatic veins to the infe-
rior vena cava provides the main support for the
liver; the various peritoneal ligaments are weak
and stretch.

The peritoneum on the peripheral part of the in-
ferior surface ofthe diaphragm is supplied by the
lower six intercostal nerves.

The renal papillae open directly into the minor
calyces of the kidney.

The internal spermatic fascia is derived from the
fascia transversalis lining the anterior abdominal
wall.
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The epididymis lies on the posterior surface of
the testis.

The inferior epigastric arteryisa branch ofthe ex-
ternal iliac artery just above the inguinal liga-
ment. It ascends in the anterior abdominal wall
just medial to the deep inguinal ring and eventu-
ally reaches the rectus sheath.

The sigmoid colon begins above the level of the
pelvic brim.

The liver receives highly oxygenated blood via
the hepatic artery.

It is the colon that often develops mucosal herni-
ations along its arterial supply.

The first inch of'the first part of the duodenum 1is
covered by peritoneum on its anterior and poste-
rior surfaces.

The appendix generally varies in length from 3 to
51m. (8 to 13 cm), but it can be even longer. (It
tends to be longer during childhood and later at-
rophies.) When long, the tip is often found hang-
ing down into the pelvic cavity.

The inferior vena cava is retroperitoneal behind
the opening into the lesser sac.

The pylorus lies on the transpyloric plane at the
level of the first lumbar vertebra.

The superior boundary of the entrance into the
lesser sac is formed by the caudate process ofthe
caudate lobe of the liver, not by the quadrate
lobe.

The middle colic artery from the superior
mesenteric artery, the sigmoid arteries, and
the marginal artery as well as the anastomoses
of all these arteries with the superior, middle,
and inferior hemorrhoidal arteries will maintain
the blood supply to the left portion of the
colon.

The fundus 1s the only part of the gallbladder
completely surrounded by peritoneum.

The lateral thoracic and the superior epigastric
veins are directly or indirectly connected with
the superior vena cava only.

The ureter is separated from the transverse pro-
cesses ofthe lumbar vertebrae by the psoas mus-
cle and fascia.

The greater omentum is attached above to
the greater curvature of the stomach and
below to the lower border of the transverse
colon.

The external spermatic fascia is attached to the
margins of the superficial inguinal ring.

The lymphatic drainage ofthe epididymis is into
the lateral aortic (para-aortic) nodes at the level
ofthe first lumbar vertebra.
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108. D.
109. C.

110. D
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The jejunum usually has only one or two arterial
arcades with long branches passing to the in-
testinal wall.

The terminal branches of the left phrenic nerve
pierce the diaphragm but do not pass through the
esophageal hiatus.

The visceral peritoneum is sensitive to stretch
and 1s innervated by autonomic afferent nerves.
The middle and inferior rectal veins are tribu-
taries of the systemic circulation only.

The rectus abdominis muscles lie on either side
ofthe midline and are separated bythe linea alba.
The lacunar ligament 1s related to the sac of a
femoral hernia, not an inguinal hernia.

The portal vein is formed behind the neck ofthe
pancreas by the union ofthe superior mesenteric
vein with the splenic vein.

The gastroduodenal arterydoesnot directly anas-
tomose with the splenic artery.

The inguinal ligament is attached laterally to the
anterior superior iliac spine.

The inferior mesenteric vein is a tributary of the
splenic vein.

The dartos muscle takes the place ofthe fatty sub-
cutaneous tissue in the wall ofthe scrotum.

The hepatic veins (three or more in number)
leave the posterior surface of the liver and drain
directly into the inferior vena cava.

The celiac plexus completely surrounds the ori-
gin ofthe celiac artery.

The pancreas is not related to the right kidney.
The transverse colon is in close posterior relation
to the gallbladder.

The gastroduodenal artery is a large branch of
the hepatic artery. It descends behind the first
part of the duodenum and then divides into the
superior pancreaticoduodenal artery and the
right gastroepiploic artery.

Ifthe patientis in the erect position when the per-
foration occurs, the duodenal contents tend to
gravitate downward along the right paracolic
gutters.

Once the inflamed appendix comes into contact
with the parietal peritoneum in the right iliac re-
gion, 1t stimulates the lower thoracic spinal
nerves and first lumbar spinal nerve, which sup-
ply the peritoneum. Because these nerves also
supply the anterior abdominal wall muscles in
this region, they are thus stimulated to contract.
This mechanism tends to immobilize this region
and assists in localizing the inflammatory process
should the appendix rupture.






CHAPTER

_

Pelvis and Perineum

PELVIS

The term pelvis is loosely used to describe the region where
the trunk and the lower limbs meet. The word pelvis means
a basin, and it 1s more correctly applied to the skeleton of
the region (the bony pelvis).

BONY PELVIS

The bony pelvis 1s composed of four bones: the two hip
bones, the sacrum, and the coccyx (Fig. 3-1). The two hip
bones articulate with each other anteriorly at the symph-
ysis pubis and with the sacrum posteriorly at the sacroiliac
joints.

The pelvis 1s divided into two parts by the pelvic brim,
which is formed by the sacral promontory behind, the il-
iopectineal lines laterally, and the symphysis pubis anteri-
orly. Above the brim 1s the false pelvis (greater pelvis),
which is the expanded part of the pelvis that forms part of
the abdominal cavity. Below the brim is the true pelvis
(lesser pelvis).

True Pelvis

The true pelvis is a bowlshaped structure that contains and
protects the lower parts of the intestinal and the urinary
tracts as well as the internal organs ofreproduction. The true
pelvis has an inlet, an outlet, and a cavity. The pelvic inlet
is bounded posteriorly by the sacral promontory, laterally
by the iliopectineal lines, and anteriorly by the symphysis
pubis. The pelvic outlet is bounded posteriorly by the coc-
cyx, laterally by the ischial tuberosities, and anteriorly by
the pubic arch. Laterally, in addition to the ischial tuberosi-
ties, there are the inflexible sacrotuberous and sacrospinous
ligaments (see Figs. 3-1 and 3-2). These ligaments divide the
sciatic notches into the greater and the lesser sciatic foram-
ina (Fig. 322). The pelvic cavity lies between the inlet and

the outlet; it i1s a short, curved canal with a shallow
anterior wall and a much deeper posterior wall (Fig. 3-3).

JOINTS OF THE PELVIS

 Sacroiliac joints.
« Symphysis pubis.
« Sacrococcygeal joint.

Sacroiliac Joints

The sacroiliac joints are very strong synovial joints between
the sacrum and the iliac bones (Fig. 322). The strong poste-
rior and interosseous sacroiliac ligaments suspend the
sacrum between the two iliac bones. The anterior sacroil-
iac ligamentis thin and in front ofthe joint. Asmall amount
ofmovement is possible at these joints, but their main func-
tion 1is to transmit the weight of the body from the vertebral
column to the bony pelvis.

NERVE SUPPLY

Branches ofthe sacral plexus supply this area.

Symphysis Pubis

The symphysis pubisis a cartilaginous joint between the two
pubic bones in the medial plane (Fig. 322). The articular sur-
faces are covered by hyaline cartilage and are connected by
a fibrocartilaginous disc. The joint itselfis surrounded by lig-
aments. Almost no movement is possible at this joint.

Sacrococcygeal Joint

The sacrococcygeal jointis a cartilaginous joint between the
sacrum and the coccyx. The cornua of the sacrum and the
coccyx are joined by ligaments. A great deal ofmovementis
possible at this joint.
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Figure 3-1 A. Anterior view ofthe male pelvis. B. Anterior view ofthe female pelvis.

PREGNANCY AND THE PELVIC JOINTS

During pregnancy, the ligaments of the pelvic joints
are relaxed by the action of the hormones estrogen,
progesterone, and relaxin. This allows the pelvic cav-
ity to enlarge and thus facilitates delivery.

SEX DIFFERENCES OF THE PELVIS

The sex differences of the pelvis (Fig. 3-3) are as follows:

» The false pelvis is shallow in females and deep in males.

* The pelvic inlet 1s transversely oval in females but heart
shaped in males. (This results from the indentation
produced by the promontory of the sacrum in males.)

* The pelvic cavity is roomier in females than in males, and
the distance between the inlet and the outlet is much
shorter in females.

* The pelvic outlet is larger in females than in males. In ad-
dition, the ischial tuberosities are everted in females but
turned in males.

* The sacrum is shorter, wider, and flatter in females than in
males.

* The subpubic angle (pubic arch) is more rounded and
wider in females than in males (Fig. 3-1).
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Figure 3-2 A. Horizontal section through the pelvis showing the sacroiliac joints and the symph-
ysis pubis. B. Function of the sacrotuberous and sacrospinous ligaments in resisting the rotational
force exerted on the sacrum by the weight of the trunk.

CLINICAL NOTES

INTERNAL PELVIC ASSESSMENTS

PELVIC MEASUREMENTS IN OBSTETRICS

The capacity and shape of the female pelvis are of
fundamental importance in obstetrics. The size ofthe
pelvic inlet is similar in the two sexes; but in the fe-
male, the cavity is larger and cylindrical and the
pelvic outlet 1s wider in both the anteroposterior and
the transverse diameters. The axis of the pelvis is an
imaginary line joining the central points of the an-
teroposterior diameters from the inlet to the outlet
and is the curved course taken by the baby’s head as
it descends through the pelvis during childbirth.

Internal pelvic assessments are made by a vaginal
examination.

Is the pubic arch broad or angular?

Are the lateral walls concave, straight, or converg-
ing? Are the ischial spines prominent?

On the posterior wall, is the sacrum straight or ex-
cessively curved forward? Can the promontory be
felt? The diagonal conjugate (i.e., the distance
between the lower margin of the symphysis pubis
and the promontory ofthe sacrum) is normally 5 .
(13 cm).

The distance between the ischial tuberosities
measures about4 . (10 cm).
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Figure 3-3 The pelvic inlet, pelvic outlet, diagonal conjugate, and axis of the pelvis. Some of the
main differences between the female and the male pelvis are also shown.

WALLS OF THE PELVIS

The walls of the pelvis are formed by bones and ligaments
that are partly lined with muscles, which in turn are covered
with fascia and parietal peritoneum. The pelvis has anterior,

posterior, and lateral walls; it also has an inferior wall or
floor (Fig. 34).

Anterior Pelvic Wall

The anterior pelvic wall is the shallowest wall and is formed
by the bodies of the pubic bones, the pubic rami, and the
symphysis pubis.

Posterior Pelvic Wall

The posterior pelvic wall is extensive and 1s formed by the
sacrum and the coccyx as well as by the piriformis muscles
and their covering fascia.

Lateral Pelvic Wall

The lateral pelvic wall 1s formed by the hip bone (below the
pelvic inlet), the obturator membrane, the sacrotuberous
and sacrospinous ligaments, and the obturator internus
muscle and its covering fascia.
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Figure 3-4 The right half of the pelvis showing the pelvic walls.

OBTURATOR MEMBRANE

The obturator membrane is a fibrous sheet that almost com-
pletely closes the obturator foramen in the hip bone. Asmall
gap called the obturator canal allows passage ofthe obtu-
rator nerve and vessels.

SACROTUBEROUS LIGAMENT

The sacrotuberous ligament is strong and extends from the
lateral part of the sacrum and coccyx and the posteroinfe-
rior iliac spine to the ischial tuberosity (Fig. 3-2).

SACROSPINOUS LIGAMENT

The sacrospinous ligament is strong and triangular shaped. It
1sattached byits base to the lateral part ofthe sacrum and the
coccyx and by its apex to the spine ofthe ischium (Fig. 3-22).

The sacrotuberous and the sacrospinous ligaments prevent
the lower end of the sacrum and the coccyx from being
rotated at the sacroiliac joint by the weight ofthe body (Fig.
32).

Inferior Pelvic Wall (Pelvic Floor)

The pelvic floor supports the pelvic viscera and is formed by
the pelvic diaphragm. Below the pelvic flooris the perineum.

The pelvic diaphragm (Fig. 3-5) is formed by the impor-
tant levatores ani muscles, the small coccygeal muscles,
and the pelvic fascia covering these muscles. The pelvic di-

aphragm 1s incomplete anteriorly, which allows passage of
the urethra (and also ofthe vagina in females).

THE PELVIC FLOOR AND CHILDBIRTH

At the pelvic inlet, the widest diameter is transverse so
that the longest axis of the baby’s head (anteroposte-
rior) takes up the transverse position. When the head
reaches the pelvic floor, the gutter shape of the floor
tends to cause the baby’s head to rotate so thatitslong
axis comes to lie in the anteroposterior position. The
occipital part of the head now moves downward and
forward along the gutter, until it lies under the pubic
arch. Asthe baby’shead passes through the lower part
ofthe birth canal, the small gap that exists in the ante-
rior part of the pelvic diaphragm becomes enor-
mously enlarged so that the head may slip through
into the perineum. Once the baby has passed through
the perineum, the levatores ani muscles recoil and
take up their previous position.

Muscles of the Pelvic Walls

The attachments, nerve supplies, and actions ofthe muscles
ofthe pelvic walls are given in Table 3-1.
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Figure 3-5 The muscles ofthe pelvic floor. Note that the levator ani muscle is composed of several
different muscle groups. The levator ani and the coccygeus muscles with their fascial coverings
form a continuous muscle floor to the pelvis known as the pelvic diaphragm.

Pelvic Fasciae

The parietal pelvic fascia lines the pelvic walls and 1s re-
gionally named according to the muscle it overlies. Above
the pelvic inlet, it is continuous with the fascia lining the ab-
dominal walls.

The visceral pelvic fascia covers all the pelvic viscera.
Around the cervix in females, this fascia 1s called the
parametrium.

Pelvic Peritoneum

The parietal peritoneum lines the pelvic walls and is re-
flected onto the pelvic viscera, where it becomes continu-
ous with the visceral peritoneum.

NERVES OF THE PELVIS

Sacral Plexus

The sacral plexus lies on the posterior pelvic wall in front of
the piriformis muscle (Fig. 3-6). It 1s formed by the anterior
rami1 of the fourth and fifth lumbar nerves and the anterior
rami ofthe first, second, third, and fourth sacral nerves (Fig.
3-7). The contribution from the fourth lumbar nerve joins
the fifth lumbar nerve to form the lumbosacral trunk,
which passes down into the pelvis and joins the sacral
nerves as they emerge from the anterior sacral foramina.

BRANCHES

Branches to the lower limb that leave the pelvis through
the greater sciatic foramen (Fig. 3-6) are the following:

’ Table 3-1

Name of Muscle

Muscles ofthe Pelvic Walls and Floor

Origin

Insertion

Nerve Supply Action

Piriformis Front ofthe sacrum

Obturator membrane
and adjoining part
ofthe hip bone

Obturator internus

Greater trochanter
ofthe femur

Greater trochanter
ofthe femur

Levator ani Body ofthe pubis, fascia Perineal body; Pudendal nerve, Supports the pelvic viscera;
ofthe obturator anococcygeal fourth sacral sphincter to the anorectal
internus, spine ofthe body; walls of nerve junction and vagina
ischium the prostate,

vagina, rectum,
and anal canal
Coccygeus Spine of'the ischium Lower end of Fourth and fifth Assists levator ani muscle to

the sacrum,
COCCyX

Lateral rotator ofthe femur at
the hip joint

Lateral rotator ofthe femur at
the hip joint

Sacral plexus

Sacral plexus

support pelvic viscera,
flexes coccyx

sacral nerve
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Figure 3-7 The sacral plexus.
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Branches

' Table 3-2 Branches ofthe Sacral Plexus and Their Distribution

Distribution

Superior gluteal nerve

Inferior gluteal nerve

Nerve to piriformis

Nerve to obturator internus

Nerve to quadratus femoris
Perforating cutaneous nerve
Posterior cutaneous nerve ofthigh

Sciatic nerve (L4 and 5; S1, 2,
and 3)
Tibial portion

Common peroneal portion

Pudendal nerve

Gluteus medius, gluteus minimus, and tensor fasciae latae
muscles

Gluteus maximus muscle

Piriformis muscle

Obturator internus and superior gemellus muscles

Quadratus femoris and inferior gemellus muscles

Skin over the medial aspect ofthe buttock

Skin over the posterior surface ofthe thigh and popliteal
fossa; also over lower part ofthe buttock, scrotum, or
labium majus

Hamstring muscles (semitendinosus, bicep femoris [long
head], adductor magnus [ hamstring part]),
gastrocnemius, soleus, plantaris, popliteus, tibialis
posterior, flexor digitorum longus, flexor hallucis
longus, and via the medial and lateral plantar branches
to muscles ofthe sole ofthe foot; sural branch supplies
skin on the lateral side ofleg and foot

Biceps femoris muscle (short head) and via deep
peroneal branch: tibialis anterior, extensor hallucis
longus, extensor digitorum longus, peroneus tertius,
and extensor digitorum brevis muscles; skin over the
cleft between the first and second toes; the superficial
peroneal branch supplies the peroneus longus and
brevis muscles and the skin over the lower third of'the
anterior surface ofthe leg and dorsum ofthe foot

Muscles ofthe perineum, including the external anal
sphincter, mucous membrane ofthe lower halfofthe
anal canal, perianal skin, skin ofthe penis, scrotum,
clitoris, and labia majora and minora

* The sciatic nerve (L4 and 5; S1, 2, and 3) 1s the largest
nerve in the body and the largest branch of the sacral
plexus.

* The superior gluteal nerve supplies the gluteus medius,
the gluteus minimus, and the tensor fasciae latae muscles.

* The inferior gluteal nerve supplies the gluteus maximus
muscle.

* The nerve to the quadratus femoris muscle also sup-
plies the inferior gemellus muscle.

* The nerve to the obturator internus muscle also sup-
plies the superior gemellus muscle.

 The posterior cutaneous nerve of the thigh supplies
the skin ofthe buttock and the back ofthe thigh.

Branches to the pelvic muscles, the pelvic viscera, and
the perineum are the following:

* The pudendal nerve (S2, 3, and 4) leaves the pelvis
through the greater sciatic foramen and enters the per-
ineum through the lesser sciatic foramen (Fig. 3-6).

* Nerves to the piriformis muscle.

* The pelvic splanchnic nerves constitute the sacral part
of the parasympathetic nervous system. They arise from
the second, third, and fourth sacral nerves, and they are
distributed to the pelvic viscera.

The branches of the sacral plexus and their distribution
are summarized in Table 3=2.

Branches of the Lumbar Plexus
[LIUMBOSACRAL TRUNK

Part of the anterior ramus of the fourth lumbar nerve
emerges from the medial border of the psoas muscle and
joins the anterior ramus ofthe fifth lumbarnerve to form the
lumbosacral trunk (Fig. 3-7). This trunk descends into the
pelvis and joins the sacral plexus.

OBTURATOR NERVE (12, 3, AND 4)

The obturator nerve emerges from the medial border of the
psoas muscle and accompanies the lumbosacral trunk
down into the pelvis. It runs forward on the lateral pelvic
wall to reach the obturator foramen (Fig. 3-6). It then splits
into anterior and posterior divisions, which pass through the
canal to enter the adductor region of'the thigh.

BRANCHES

Sensory branches supply the parietal peritoneum on the
lateral pelvic wall.



Autonomic Nerves
PELVIC PART OF THE SYMPATHETIC TRUNK

The pelvic part of the sympathetic trunk is continuous
above and behind the common iliac vessels with the lumbar
part of the trunk. Below, the two trunks come together in
front ofthe coccyx. Each trunk descends behind the rectum
in front of the sacrum and medial to the anterior sacral
foramina. The sympathetic trunk has four or five segmen-
tally arranged ganglia (Fig. 3-6).

Branches

» Gray rami communicantes to the sacral and the coccygeal
spinal nerves.
 Fibers that join the hypogastric plexuses.

PELMIC SPLANCHNIC NERVES

The pelvic splanchnic nerves constitute the parasympa-
thetic part of the autonomic nervous system in the pelvis.
They arise from S2, 3, and 4, as described for the sacral
plexus. The preganglionic fibers synapse in the ganglia of
the hypogastric plexuses.

SUPERIOR HYPOGASTRIC PLEXUS

The superior hypogastric plexus is situated in front of the
promontory ofthe sacrum (Fig. 3-6). It divides inferiorly into

lumbosacral trunk

external iliac artery
external iliac vein

deep circumflex iliac artery

inferior epigastric artery
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the right and the left hypogastric nerves. The plexus is
formed as a continuation of the aortic plexus and from
branches of the third and the fourth lumbar sympathetic
ganglia. It contains sympathetic and sacral parasympathetic
nerve fibers as well as visceral afferent nerve fibers.

INFERIOR HYPOGASTRIC PLEXUS

The inferior hypogastric plexus lies on each side ofthe rec-
tum, the base of the bladder, and the vagina (Fig. 3-6). It is
formed from a hypogastric nerve (part of the superior hy-
pogastric plexus) and from the pelvic splanchnic nerve.
It contains postganglionic sympathetic nerve fibers,
preganglionic and postganglionic parasympathetic nerve
fibers, and visceral afferent nerve fibers. Branches pass
to the pelvic viscera via small subsidiary plexuses.
Parasympathetic fibers from the pelvic splanchnic nerve as-
cend through the hypogastric nerve to the superior hy-
pogastric plexus and the inferior mesenteric plexus, and
they supply the large bowel from the left colic flexure to the
upper halfofthe anal canal.

ARTERIES OF THE PELVIS

Common Iliac Artery

Each common iliac artery ends at the pelvic inlet in front of
the sacroiliac joint by dividing into the external and the
internal iliac arteries (Figs. 3-6 and 3<3).
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§ internal
\\\ pudendal artery
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sciatic nerve

inferior gluteal artery

sacrotuberous ligament

obturator internus muscle

obturator nerve and vessels

Figure 3-8 The lateral wall of the pelvis.
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External Iliac Artery

The external iliac artery runs along the medial border of the
psoas muscle and follows the pelvic brim (Fig. 3-8). It gives
off the inferior epigastric and the deep circumflex iliac
branches. It leaves the false pelvis by passing under the in-
guinal ligament to become the femoral artery.

The arteries entering the true pelvis are the following:

* The internal iliac artery.

* The superior rectal artery.
e The ovarian artery.

 The median sacral artery.

Internal Iliac Artery

The internal iliac artery passes down into the pelvis to the
greater sciatic foramen, where it divides into anterior and
posterior divisions (Fig. 38). The branches ofthese divisions
supply the pelvic viscera, the perineum, the pelvic walls,
and the buttocks.

fundus
of uterus

fimbriae of

suspensory uterine tube

ligament of ovary

ovarian
blood vessels

\/

e
posterior surface
of broad ligament

left ovary

round ligament of ovary

BRANCHES OF THE ANTERIOR DIVISION OF THE
INTERNALILIAC ARTERY

 Umbilical artery: The proximal patent part of this artery
gives off the superior vesical artery, which supplies the
upper portion ofthe bladder (Fig. 33).

e Inferior vesical artery: This artery supplies the base of
the bladderas well asthe prostate and the seminal vesicles
in males. It also gives off the artery to the vas deferens.

 Middle rectal artery: Commonly, this artery arises with
the inferior vesical artery (Fig. 3-8). It supplies the muscle
of the lower rectum, and it anastomoses with the superior
and inferior rectal arteries.

e Uterine artery: This artery runs medially on the floor of
the pelvis and crosses the ureter superiorly (Fig. 39). It
passes above the lateral fornix of the vagina to reach the
uterus, where it ascends between the layers of the broad
ligament along the lateral margin of the uterus. It ends by
following the uterine tube laterally, where it anastomoses
with the ovarian artery. The uterine artery gives off a vagi-
nal branch.

1sthmus of
uterine tube

/->/ ampulla of uterine tube

A body of uterus (posterior surface)

superior margin
of broad ligament

fundus of uterus
uterine tube
broad ligament

round ligament of uterus

peritoneum
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round ligament of ovary
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> >\ "'Mes ovarium
broad ligament

B vaginal branch

Figure 3-9 A. Posterior surface of the uterus and the broad ligaments. Note the position of the
ovaries. B. Lateral view ofthe uterus. Note the relationship between the left uterine artery and the

left ureter.



» Vaginal artery: This artery supplies the vagina and the
base ofthe bladder.

* Inferior gluteal artery: This artery leaves the pelvis
through the greater sciatic foramen (Fig. 3-8). It passes be-
tween the first and second or between the second and
third sacral nerves.

 Obturator artery: This artery runs forward along the lat-
eral wall ofthe pelvis with the obturatornerve. It leaves the
pelvis through the obturator canal.

* Internal pudendal artery: This artery leaves the pelvis
through the greater sciatic foramen and enters the gluteal
region (Fig. 3-8). It enters the perineum through the lesser
sciatic foramen and then passes forward in the pudendal
canal with the pudendal nerve. By means of'its branches,
it supplies the musculature ofthe anal canal as well as the
skin and the muscles ofthe perineum.

BRANCHES OF THE POSTERIOR DIVISION OF THE
INTERNAL ILHAC ARTERY

e The iliolumbar artery ascends posterior to the external
iliac vessels, the psoas muscle, and the iliacus muscles.

* The lateral sacral arteries descend in front ofthe sacral
plexus and give off branches to the neighboring structures
(Fig. 38).

* The superior gluteal artery leaves the pelvis through the
greater sciatic foramen and supplies the gluteal region.

Superior Rectal Artery

The superior rectal artery is a direct continuation of the in-
ferior mesenteric artery. It supplies the mucous membrane
ofthe rectum and the upper halfofthe anal canal.

Ovarian Artery

The ovarian artery arises from the abdominal aorta at the
level ofthe first lumbar vertebra. The artery is long and slen-
der and passes downward behind the peritoneum. It crosses
the external iliac artery at the pelvic inlet, and it enters the
suspensory ligament of the ovary. It then passes into the
broad ligament and enters the ovary through the mesovar-
ium. (The testicular artery enters the inguinal canal butdoes
not enter the pelvis.)

Median Sacral Artery

The median sacral artery 1s small and arises at the bifurca-
tion ofthe aorta (Fig. 3-6). It descends over the anterior sur-
face ofthe sacrum and the coccyx.

VEINS OF THE PELVIS

External Illiac Vein

The external iliac vein begins behind the inguinal ligament
as a continuation of the femoral vein. It runs along the me-
dial side ofthe corresponding artery, and it joins the internal
iliac vein to form the common iliac vein (Fig. 3-8). It re-
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ceives the inferior epigastric and the deep circumflex
iliac veins.

The veins of the true pelvis are thin-walled vessels. They
include the following;:

e The internal iliac vein.

* The superior rectal vein.
* The ovarian vein.

 The median sacral vein.

Internal Iliac Vein

The internal iliac vein 1s formed by the union of tributaries
corresponding to the branches of the internal iliac artery
(Fig. 38). It ascends in front of the sacroiliac joint, and it
joins the external iliac vein to form the common iliac vein.

Superior Rectal Vein

The superior rectal vein drains the rectal mucous mem-
brane and mucous membrane ofthe upper halfofthe anal
canal. It becomes continuous with the inferior mesenteric
vein as it crosses the common iliac artery.

@ CLINICAL NOTES

PORTAL-SYSTEMIC ANASTOMOSIS

The superior rectal vein anastomoses with the middle
and the inferior rectal veins and thus forms an impor-
tant portal-systemic anastomosis.

Ovarian Vein

The right ovarian vein ascends on the posterior abdominal
wall, and it drains into the inferior vena cava. The left
ovarian vein drains into the left renal vein.

Median Sacral Vein

The median sacral vein is small and drains into the inferior
vena cava or the left common iliac vein.

LYMPHATICS OF THE PELVIS

The lymph nodes and vessels are arranged as chains along
the main blood vessels. The nodes are named after the
blood vessels with which they are associated. Thus there are
the external iliac nodes, the internal iliac nodes, and
the common iliac nodes.

INTESTINAL VISCERA

Sigmoid Colon

The sigmoid colon i1s 10 to 15 1n. (25 to 38 cm) in length and
begins as a continuation ofthe descending colon in front of
the pelvic brim. It becomes continuous below with the rec-
tum in front of the third sacral vertebra (Fig. 3-10), and it
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Figure 3-10 Sagittal section ofthe male pelvis.

hangs down into the pelvic cavity in the form ofa loop. The
sigmoid colon is attached to the posterior pelvic wall by the
sigmoid mesocolon.

BILOOD SUPPLY
Arteries

Sigmoid branches of the mmferior mesenteric artery supply
the sigmoid colon.

Veins

The veins drain to tributaries ofthe portal venous system.

VYOLVULUS OF THE SIGMOID COLON

Because of its extreme mobility, the sigmoid colon
sometimes rotates around its mesentery. Extreme ro-
tation may cut off its arterial supply, a condition
known as volvulus.

CoLoSTOMY OF THE SIGMOID COLON

In cases of cancer of the rectum, the surgeon may
bring a loop of'sigmoid colon with its blood supply in-
tact through a small incision in the left iliac region of
the anteriorabdominal wall. The bowelis opened and
the contents are collected in a container. The
colostomy may be temporary or permanent, depend-
ing on the severity ofthe rectal operation.

SIGMOIDOSCOPY

Since the sigmoid colon lies only a short distance
from the anus (6.5 in.; 17 cm), 1t is possible to exam-
ine the mucous membrane under direct vision
through a sigmoidoscope. Biopsy specimens may be
taken for pathologic examination.

Rectum

The rectum is approximately 5 in. (13 cm) in length and be-
gins in front of the third sacral vertebra as a continuation of
the sigmoid colon (Figs. 3-10 and 3-11). It passes downward,
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Figure 3-11 Coronal section through the pelvis that shows the rectum and the pelvic floor.

follows the curve ofthe sacrum and the coccyx, and ends in
front ofthe tip ofthe coccyx by piercing the pelvic floor and
becoming continuous with the anal canal. The lower part of
the rectum is dilated to form the rectal ampulla (Fig. 3-11).
The peritoneum covers only the upper two thirds of the rec-
tum. The circular muscle layer and the mucous membrane
of the rectum together form three semicircular folds. They
are called the transverse folds of the rectum.

BLOOD SUPPLY

Arteries

Superior rectal artery, which is a continuation ofthe inferior
mesenteric artery; middle rectal artery, which is a branch of
the internal iliac artery; and inferior rectal artery, which is a
branch ofthe internal pudendal artery, supply the rectum.

Veins

Venous blood drains into the portal vein through the supe-
rior rectal vein and into the systemic system through the mid-
dle and the inferior rectal veins.

ANASTOMOSES OF THE RECTAL VEINS

The anastomosis between the rectal veins 1s an 1m-
portant portal—systemic anastomosis.

LYMPH DRAINAGE

Lymph passes to the pararectal nodes and then upward to
the inferior mesenteric nodes. In addition, some lymph
vessels pass to the internal iliac nodes.

NERVE SUPPLY

Sympathetic and parasympathetic nerves, through the infe-
rior hypogastric plexuses, supply the rectum.
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Figure 3-12 A. A partly filled urinary bladder. Note the general shape and surfaces as well as the
position of the apex anteriorly and of the neck inferiorly. B. Front view showing the interior of the

male urinary bladder.

RECTAL CURVES, MUCOSAL FOLDS,
AND INSTRUMENTATION

When passing instruments, remember the anteropos-
terior flexure ofthe rectum as it follows the curvature
of the sacrum and coccyx, and the lateral flexures.
The crescentic transverse mucosal folds must also be
borne in mind.

Ureters and Urinary Bladder
URETERS

Each ureter is a muscular tube that extends from the kidney
to the posterior surface ofthe bladder. Its abdominal course
is described on page 60.

The ureter enters the pelvis by crossing the bifurcation of
the common iliac artery in front of the sacroiliac joint. The
ureter then runs down the lateral wall ofthe pelvis to the re-
gion of the ischial spine and turns forward to enter the
lateral angle ofthe bladder (Fig. 3-12).

In males, the ureter is crossed near its termination by
the vas deferens. In females, the ureter leaves the region
ofthe ischial spine by turning forward and medially beneath
the base of the broad ligament, where it is crossed by the
uterine artery (Fig. 39).

Ureteric Constrictions
The ureter possesses three constrictions:

* Where the renal pelvis joins the ureter.
» Where it is kinked as it crosses the pelvic brim.
 Where it pierces the bladder wall.

The blood supply, lymphatic drainage, and nerve supply
ofthe ureter are described on page 61.
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Figure 3-13 Sagittal section ofthe female pelvis.

Ureteric Stones

The importance ofthe constrictions ofthe ureter during the
passage ofureteric stones in emphasized on page 60.

URINARY BLADDER

The urinary bladder i1s located immediately behind the pu-
bic bones within the pelvis (Figs. 3-10 and 3-13). The blad-
der has a maximum capacity of approximately 500 mL.

The empty bladder is pyramidal in shape and has an
apex, a base, and a superior as well as two inferolateral sur-
faces (Fig. 3-12). It also has a neck. When the bladder fills, it
becomes ovoid in shape and the superior surface rises into
the abdomen. In young children, the empty bladder pro-
jects upward into the abdomen; later, when the pelvis en-
larges, the bladder sinks to become a pelvic organ.

The apex of the bladder points anteriorly and 1s con-
nected to the umbilicus by the median umbilical liga-
ment (remains of urachus). The base of the bladder faces
posteriorly and is triangular in shape. The ureters enter the
supralateral angles, and the urethra leaves the inferior an-
gle. The superior surface of the bladder is covered with
peritoneum, which is reflected laterally onto the lateral
pelvic walls. As the bladder fills, the superior surface bulges
upward into the abdominal cavity and peels the peritoneum
off the lower part ofthe anterior abdominal wall. The neck
ofthe bladder points inferiorly.

Interior of Bladder

The internal surface ofthe base ofthe bladder 1s called the
trigone (Fig. 3-12). Here, the mucous membrane firmly ad-
heres to the underlying muscle and is always smooth. The
trigone has small, slitlike openings ofthe ureters at its lateral
angles and below the crescentic opening of the urethra.
The interureteric ridge runs from one ureteric orifice
to the other. It is caused by the underlying muscle, and it
forms the upper limit of the trigone. In males, the median
lobe ofthe prostate bulges slightly upward into the bladder,
behind the urethral orifice, to form a swelling (the uvula
vesicae).

Muscular Coat of the Bladder Wall

The muscle coat (the detrusor muscle) consists of three
interlacing layers of smooth muscle fibers. At the neck of
the bladder, the circular muscle forms the sphincter
vesicae.

Ligaments

The neck ofthe bladder is held in position by the pubopro-
static ligaments in males and by the pubovesical liga-
ments in females. These ligaments are formed from pelvic
fascia.
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Blood Supply
Arteries

Superior and inferior vesical arteries (branches of the
internal iliac artery) supply the bladder.

Veins

Vesical veins drain into the internal 1liac veins.

Lymph Drainage

The lymph drains into internal and external iliac nodes.

Nerve Supply

Sympathetic and parasympathetic nerve fibers from the
inferior hypogastric plexuses supply the bladder.

MICTURITION

When the volume ofurine reaches approximately 300 mL in
an adult, stretch receptors in the bladder wall transmit im-
pulses to the central nervous system. That individual then
has a conscious desire to micturate.

The afferent impulses enter the second, third, and fourth
sacral segments of the spinal cord. Efferent impulses leave
the cord from the same segments and pass via the parasym-
pathetic preganglionic nerve fibers in the hypogastric
plexuses to the bladder wall, where they synapse with post-
ganglionic neurons. The detrusor muscle then contracts,
and the sphincter vesicae relaxes. Efferent impulses also
pass to the urethral sphincter via the pudendal nerve and
this relaxes. Micturition can be assisted by contracting the
abdominal muscles to raise the intra-abdominal and
the pelvic pressures and to exert external pressure on the
bladder.

Voluntary control of micturition 1s accomplished by con-
tracting the sphincter urethrae. This process is assisted by
the sphincter vesicae.

PAIPATION OF THE BILADDER

The full bladder in the adult projects up into the ab-
domen and may be palpated through the anterior ab-
dominal wall above the symphysis pubis. In the child,
the bladderis in a higher position than in the adult be-
cause ofthe relatively smaller size ofthe pelvis.

SUPRAPUBIC ASPIRATION

As the bladder fills, the superior wall rises out of the
pelvis and peels the peritoneum off the posterior sur-
face of the anterior abdominal wall. In cases of acute
retention of urine, when catheterization has failed, it
is possible to pass a needle into the bladder through
the anterior abdominal wall above the symphysis pu-
bis, without entering the peritoneal cavity.

Male Genital Organs
The testes and epididymides are described on page 45.

VAS DEFERENS

The vas deferens is a thick-walled tube approximately 18 in.
(45 cm) in length. It emerges from the lower end or tail ofthe
epididymis and passes through the inguinal canal into the
abdomen. It then descends into the pelvis and crosses the
ureter to reach the posterior surface ofthe bladder, where it
expands to form the ampulla and then joins the duct ofthe
seminal vesicle to form the ejaculatory duct.

EJ ACULATORY DUCT

There are two ejaculatory ducts. Each is formed by the
union of the vas deferens and the duct of the seminal vesi-
cle. Both ejaculatory ducts open into the prostatic part ofthe
urethra (Fig. 3-14).

SEMINAL VESICLES

The seminal vesicles are paired organs that lie on the poste-
rior surface of the bladder (Fig. 3-10) and lateral to the ter-
minal part ofthe vas deferens. Each seminal vesicle consists
of a much-<oiled tube embedded in connective tissue.
Inferiorly, the seminal vesicle narrows and joins the vas def-
erens ofthe same side to form the ejaculatory duct. The sem-
inal vesicles contribute fluid, fructose, ascorbic acid, amino
acids, and prostaglandins to the seminal fluid.

PROSTATE

The prostate i1s a glandular structure that surrounds the pro-
static urethra. It lies below the neck of the bladder and
above the urogenital diaphragm (Fig. 3-10). The prostate has
a fibrous capsule, and outside this capsule 1s a fibrous
sheath that is part of the visceral layer of pelvic fascia (Fig.
3-14). The prostate has a base, which lies superiorly against
the bladder neck, and an apex, which lies inferiorly against
the urogenital diaphragm.

The two ejaculatory ducts pierce the upper part of the
posterior surface of the prostate and open into the prostatic
urethra at the lateral margins ofthe opening ofthe prostatic
utricle.

The numerous glands of the prostate are embedded in a
mixture of smooth muscle and connective tissue, and their
ducts open into the prostatic urethra. The prostate is divided
into a number of lobes. The anterior lobe lies in front of
the urethra. The middle or the median lobe lies behind the
urethra and above the ejaculatory ducts. The right and
the left lateral lobes lie on either side ofthe urethra.

Blood Supply
Arteries

Branches of'the inferior vesical and the middle rectal arter-
ies supply the prostate.

Veins

Aprostatic venous plexus drains into the internal iliac veins.
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Figure 3-14 The prostate. A. Coronal section. B. Sagittal section. C. Horizontal section.

Lymph Drainage

The lymph drains into the internal iliac nodes.

Nerve Supply
Inferior hypogastric plexuses supply the prostate.

For details regarding the prostatic sinus, the prostatic utricle,
and the urethral crest, see the discussion ofthe prostatic ure-
thra on page 101. For developmental homologs ofthe male
and the female genital systems, see Table 3-3.

CLINICAL NOTES

PROSTATE EXAMINATION

The prostate can be examined clinically via palpation
by performing a rectal examination (see p.106). The
examiner’s gloved finger can feel the posterior surface
ofthe prostate through the anterior rectal wall.
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Origin Male

Table 3-3 Developmental Homologs of the Male and Female Genital Systems

Female

Developing gonad Testis

Mesonephric duct

Paramesonephric duct

Urogenital sinus Lower part of the prostatic urethra,
urethra, prostate glands, and
bulbourethral glands

Glans ofthe penis

Floor ofthe penile urethra

Scrotum

Glans of'the phallus

Genital (urethral) folds
Genital swellings

Duct ofthe epididymis, vas deferens, seminal
vesicle, ejaculatory duct, trigone ofthe
bladder, and part ofthe prostatic urethra

Prostatic utricle, appendix ofthe testis

membranous urethra, most ofthe penile

Ovary
Ducts ofthe epoophoron, paroophoron, trigone of
the bladder, and part ofthe urethra

Uterine tubes, uterus
Vagina and lower part ofthe urethra, paraurethral
glands

Glans of'the clitoris
Labia minora
Labia majora

Gubernaculum Gubernaculum testis Round ligament ofthe ovary, round ligament of'the
uterus
Female Genital Organs Lymph Drainage

OVARIES

Each ovary is attached to the back ofthe broad ligament by
the mesovarium (Fig. 39). The ovarian vessels and nerves
enter the ovary at the hilum.

The ovary 1s covered by a modified area of peritoneum
called the germinal epithelium, beneath which is a thin, fi-
brous capsule called the tunica albuginea. The ovary has
an outer cortex and an inner medulla. Embedded in the
connective tissue ofthe cortex are the ovarian follicles.

The ovary usually lies near the lateral wall ofthe pelvis in
a depression called the ovarian fossa. The ovarian fossa is
bounded by the external and the internal iliac arteries.

Ligaments of the Ovaries

Suspensory Ligament

The suspensory ligament is the lateral part of the broad liga-
ment connecting the mesovarium to the lateral pelvic wall
(Fig. 39). It contains the blood and the lymphatic vessels as
well as the nerves supplying the ovary.

Round Ligament

The round ligament ofthe ovary is the remains ofthe upper
part of the gubernaculum, and it extends from the medial
margin ofthe ovary to the lateral wall ofthe uterus (Fig. 39).
Note that the round ligament ofthe uterus is the remains of
the lower part of the gubernaculum.

Blood Supply
Arteries

The ovarian artery, which is a branch of the abdominal
aorta, supplies the ovaries.

Veins

The ovarian vein drains into the inferior vena cava on the
right and the left renal vein on the left.

The lymph drains into the para-aortic nodes at the level of
the first lumbar vertebra.

Nerve Supply

The aortic plexus supplies the ovary. (The branches accom-
pany the ovarian artery.)

POSITION OF THE OVARY

The ovary is kept in position by the broad ligament
and the mesovarium. After pregnancy, the broad liga-
ment 1s lax, and the ovaries may prolapse into the
rectouterine pouch (pouch of Douglas). In these cir-
cumstances, the ovary may be tender and cause dis-
comfort on sexual intercourse.

UTERINE TUBES

There are two uterine tubes (Fig. 39). Each tube lies in the
upper border of the broad ligament and connects the peri-
toneal cavity in the region ofthe ovary with the cavity of the
uterus. A uterine tube 1s divided into four parts:

* The infundibulum is the funnelshaped lateral end with
fingerlike processes (fimbrae) that are draped over the
ovary.

* The ampulla is the widest part of the tube.

e The isthmus is the narrowest part ofthe tube and lies just
lateral to the uterus.

 The intramural part is the segment that pierces the uter-
ine wall.

The uterine tube provides a site for fertilization of the
ovum (usually in the ampulla). It provides nourishment for
the fertilized ovum, and it transports the ovum to the cavity



ofthe uterus. The tube also serves as a conduit along which
the spermatozoa travel to reach the ovum.

Blood Supply
Arteries

The uterine and ovarian arteries supply the uterine tubes.
Veins

The veins drain to the uterine and ovarian veins.

Lymph Drainage

The lymph vessels follow the arteries and drain into the
internal iliac and the para-aortic nodes.

Nerve Supply

Sympathetic and parasympathetic nerves from the superior
and the inferior hypogastric plexuses supply the tubes.

PELVIC INFLAMMATORY DISEASE

In pelvic inflammatory disease, pathogenic organisms
may ascend from the vagina and uterus and enter the
uterine tube, producing salpingitis. The infection
may spread from the uterine tube into the pelvic part
ofthe peritoneal cavity, producing peritonitis.

EcTOoPIiC PREGNANCY

In ectopic pregnancy, the fertilized ovum becomes
implanted in the wall of the uterine tube and not in
the uterine cavity. The eroding action ofthe develop-
ing placenta quickly destroys the wall of the tube.
Tubal abortion or rupture of the tube, with the effu-
sion of a large quantity of blood into the peritoneal
cavity, 1s the common result.

TUBAL LIGATION

Ligation and division ofthe uterine tubes is a method
of obtaining permanent birth control. It is usually re-
stricted to women who have already had children.

UTERUS

The uterus 1s divided into the fundus, the body, and the
cervix (Fig. 39). The fundus lies above the entrance ofthe
uterine tubes. The body lies beneath the entrance of
the uterine tubes, and it narrows below, where it becomes
continuous with the cervix. The cervix pierces the anterior
wall of the vagina (Fig. 3-13). The cavity of the cervix (the
cervical canal) communicates with the cavity of the body
through the internal os and with the cavity of the vagina
through the external os.
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Positions of Uterus

Anteversion is the term used to describe the forward bend-
ing ofthe uterus on the long axis ofthe vagina. Anteflexion
is the term used to describe the forward bending ofthe body
ofthe uterus on the cervix.

Supports of the Uterus

The main supports ofthe uterus are the following:

* The pelvic diaphragm (levatores ani and the coccygeus
muscles and their fascia).

 The perineal body (a fibromuscular structure in the
perineum supported by the levatores ani muscles).

* The transverse cervical (cardinal) ligaments, which at-
tach the cervix and upper end ofthe vagina to the lateral
pelvic walls.

 The pubocervical ligaments, which attach the cervix to
the pubic bones.

 The sacrocervical ligaments, which attach the cervix
and upper end of the vagina to the lower end of the
sacrum.

Broad Ligaments

The broad ligaments are twodayered folds of peritoneum
that extend across the pelvic cavity from the lateral margins
ofthe uterus to the lateral pelvic walls (Fig. 39). Each broad
ligament contains the following:

e The uterine tube 1n its upper free border.

e The round ligaments ofthe ovary and ofthe uterus.

* The uterine and the ovarian blood vessels, lymph vessels,
and nerves.

The broad ligaments provide little support to the uterus.

Round Ligament of the Uterus

The round ligament extends from the superolateral angle of
the uterus through the inguinal canal to the subcutaneous
tissue of the labium majus. It assists in keeping the uterus
anteverted and anteflexed.

Blood Supply
Arteries

The uterine artery from the internal iliac artery and the
ovarian artery supply the uterus.

Veins

The veins correspond to the uterine and ovarian arteries.

Lymph Drainage

From the fundus, the lymph vessels follow the ovarian artery
to the para-aortic nodes at the level ofthe first lumbar verte-
bra. From the body and the cervix, the lymph vessels drain
into the internal and the external iliac nodes. In addition, a
few lymph vessels pass through the inguinal canal to the
superficial inguinal nodes.
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Nerve Supply

Sympathetic and parasympathetic nerves from the inferior
hypogastric plexuses supply the uterus.

g‘%’ CLINICAL NOTES

BIMANUAL PELVIC EXAMINATION
OF THE UTERUS

With the bladder empty, the vaginal portion of the
cervix is first palpated with the index finger ofthe right
hand. The external os 1s circular in the nulliparous
woman but has anterior and posterior lips in the mul-
tiparous woman. The left hand 1s placed on the ante-
rior abdominal wall above the symphysis pubis, and
the fundus and body of the uterus may be palpated
between the abdominal and vaginal fingers situated
in the anterior fornix. The size and shape, and mobil-
ity of the uterus can then be ascertamed.

PROILAPSE OF THE UTERUS

The levatores ani muscles and the transverse cervical,
pubocervical, and sacrocervical ligaments are of very
great importance in supporting and positioning the
uterus. Damage to these structures during childbirth
or as a result of general poor body muscular tone may
result in downward displacement ofthe uterus, called
uterine prolapse.

VAGINA

The vagina is the female genital canal (Fig. 3-13). It serves as
the excretory duct for the menstrual flow from the uterus,
and 1t forms part of the birth canal.

The vagina is a muscular tube that extends between the
vulva and the uterus. The cervix of the uterus pierces its an-
terior wall. The vaginal orifice in the virgin possesses a thin
mucosal fold (the hymen), which is perforated at its center.
The area of the vaginal lumen that surrounds the cervix of
the uterus is divided into four regions or fornices: the ante-
rior, the posterior, the right lateral, and the left lateral.
The upper half of the vagina lies within the pelvis between
the bladder anteriorly and the rectum posteriorly; the lower
halflies within the perineum between the urethra anteriorly
and the anal canal posteriorly (Fig. 3-13).

Supports of the Vagina

» Upper third: Levatores ani muscles; transcervical, pubo-
cervical, and sacrocervical ligaments.

 Middle third: Urogenital diaphragm.

* Lower third: Perineal body.

Blood Supply
Arteries

The vaginal artery (a branch of the internal iliac artery)
and vaginal branch of uterine artery supply the area.

Veins

The vaginal veins drain into the internal iliac veins.

Lymph Drainage

The upperthird ofthe vagina drains into the internal and the
external iliac nodes. The middle third drains into the inter-
nal iliac nodes, and the lower third drains into superficial
inguinal nodes.

Nerve Supply

The inferior hypogastric plexuses supply the vagina.

For developmental homologs of the male and the female
genital systems, see Table 3-3.

E‘%@)}! CLINICAL NOTES

PROIAPSE OF THE VAGINA

The vaginal vault is supported by the same structures
that support the uterine cervix. Prolapse of the uterus
1s necessarily associated with some degree of sagging
ofthe vaginal walls. Ifthe supports ofthe bladder, ure-
thra, or anterior rectal wall are damaged in childbirth,
prolapse of the vaginal walls occurs, with the uterus
remaining in its correct position.

VISCERAL PELVIC FASCIA IN THE FEMALE PELVIS

As in males, the visceral pelvic fascia covers and supports
the pelvic viscera in females. It is condensed to form the
pubocervical, the transverse cervical, and the sacrocervical
ligaments ofthe uterus. Clinically, the pelvic fascia in the re-
gion ofthe uterine cervix is often called the parametrium.

PERITONEUM IN THE FEMALE
PELVIS

The peritoneum passes from the anterior abdominal wall
onto the upper surface of the urinary bladder (Fig. 3-13). It
then runs onto the anterior surface ofthe uterus upward and
over the fundus of the uterus and then downward on the
posterior surface ofthe uterus. It then continues downward
over the upper part of the posterior surface of the vagina,
where it forms the anterior wall of the rectouterine pouch
(pouch of Douglas). The peritoneum i1s then reflected onto
the front of the rectum. The most inferior part of the peri-
toneal cavity is the rectouterine pouch.
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THE RECTOUTERINE POUCH AND DISEASE

Since the rectouterine pouch (pouch of Douglas) is
the most dependent part of the entire peritoneal cav-
ity (when the patient is in the standing position), it fre-
quently becomes the site for the accumulation of
blood (from a ruptured ectopic pregnancy) or pus
(from a ruptured pelvic appendicitis or in gonococcal
peritonitis).

PERINEUM

The perineum lies below the pelvic diaphragm. It is shaped
like a diamond and 1s bounded anteriorly by the symphysis
pubis, posteriorly by the tip ofthe coccyx, and laterally by
the ischial tuberosities (Fig. 3-15). The perineum is di-
vided into two triangles by joining the ischial tuberosities
with an imaginary line. The anterior triangle, which contains
the urogenital orifices, is called the urogenital triangle;
the posterior triangle, which contains the anus, is called the
anal triangle (Fig. 3-15).

UROGENITAL TRIANGLE
Urogenital Diaphragm

The urogenital diaphragm 1s a musculofascial diaphragm
that fills the gap ofthe pubic arch (Fig. 3-16). It is formed by
the sphincter urethrae and the deep transverse perineal
muscles, which are enclosed between a superior and an in-
ferior fascial layer of the urogenital diaphragm. The inferior
layer of fascia is called the perineal membrane.

PERINEAL BODY

The perineal body is a small mass of fibrous tissue attached
to the center of the posterior margin of the urogenital di-
aphragm. It is a larger structure in females than in males. In
females, it supports the posterior vaginal wall; in both sexes,

it provides attachment for muscles in the perineum (Fig.
3-16).

PERINEAL POUCHES

Superficial Perineal Pouch

The superficial perineal pouch is a potential space that lies
beneath the skin of the perineum. It is bounded below by
the membranous layer of the superficial fascia (Colles’ fas-
cia) and above by the urogenital diaphragm (Fig. 3-17).
Posteriorly, it is closed by the attachment of this membra-
nous layer of fascia to the posterior border ofthe urogenital
diaphragm. Laterally, it 1s closed by the attachment of the
membranous layer ofthe superficial fascia and the urogeni-
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Figure 3-15 The diamond-shaped perineum. The broken
line divides the perineum into the urogenital and the anal
triangles.

tal diaphragm to the pubic arch. Anteriorly, the space com-
municates freely with the potential space between the su-
perficial fascia ofthe anterior abdominal wall (Scarpa’s fas-
cia) and the anterior abdominal muscles.

CONTENTS OF THE SUPERFICIAL PERINFAL POUCH

In males, the superficial perineal pouch contains the root of
the penis and its associated muscles. In females, it contains
the root of the clitoris and its associated muscles.

Deep Perineal Pouch

The deep perineal pouch is a closed potential space that lies
within the urogenital diaphragm (Fig. 3-17).

CONTENTS OF THE DEEP PERINEAL POUCH

In males, the deep perineal pouch contains the following:

* The membranous part of the urethra.
* The sphincter urethrae.

e The bulbourethral glands.

» The deep transverse perineal muscles.
* The internal pudendal vessels.

* The dorsal nerves ofthe penis.

In females, the deep perineal pouch contains the following:

» Part ofthe urethra.
» Part ofthe vagina.
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Figure 3-16 The anal and urogenital triangles in the male as seen from below.

e The sphincter urethrae.

* The deep transverse perineal muscles.
» The internal pudendal vessels.

e The dorsal nerves of'the clitoris.

MALE EXTERNAL GENITALIA

Penis

The penis has both a cylindrical body that hangs free and a
fixed root (Fig. 3-18). The body of the penis has an ex-
panded distal end called the glans penis. The prepuce (or
foreskin) is a hoodlike fold of skin that covers the glans.
The interior of the penis body is composed of three cylin-
ders of erectile tissue enclosed in a tubular sheath of fascia.
The erectile tissue 1s composed of two dorsally placed cor-
pora cavernosa and a single corpus spongiosum applied
to their ventral surface (Fig. 3-18). At its distal end, the cor-
pus spongiosum expands to form the glans penis, which
covers the distal ends ofthe corpora cavernosa. The penile
part of the urethra runs through the center of the corpus
spongiosum and opens onto the surface ofthe glans at the
external urethral orifice.

The root of the penis 1s located i the superficial per-
ineal pouch and 1s composed of three masses of erectile

tissue: the bulb of the penis and the right and the left
crura of the penis (Fig. 3-18). The bulb is located in the
midline, is traversed by the urethra, and 1s covered on its
outer surface by the bulbospongiosus muscles. Each
crus is attached to the side of the pubic arch and is cov-
ered on its outer surface by the ischiocavernosus
muscle.

The bulb of the penis 1s continuous anteriorly with the
corpus spongiosum. The two crura are continuous
anteriorly with the corpora cavernosa in the body of the
penis.

BILOOD SUPPLY
Arteries

Deep arteries of the penis and branches ofthe dorsal arter-
ies ofthe penis supply the area.

Veins

The veins run into the deep dorsal vein.

LYMPH DRAINAGE

The glans penis drains into the deep inguinal and the exter-
nal iliac nodes. The skin of the remainder of the organ



pelvic fascia

prostatic
urethra

superior fascial
layer of
urogenital
diaphragm

CHAPTER3 Pelvis and Perineum 101

levator ani :
obturator internus

prostate

sphincter urethrae
muscle

dorsal nerve of penis

inferior
fascial layer
of urogenital diaphragm

crus of penis

bulbourethral gland

bulb of penis

scrotal nerves

skin of medial side of thigh

membranous part of urethra

artery of crus
(deep artery of penis)

artery of bulb

1schiocavernosus

urethra in bulb

bulbospongiosus

membranous layer of
superficial fascia

deep fascia of thigh

Figure 3-17 Coronal section ofthe male pelvis showing the prostate, urogenital diaphragm, and

contents ofthe superficial perineal pouch.

drains into the superficial inguinalnodes. The erectile tissue
drains into the internal iliac nodes.

NERVE SUPPLY

The pudendal nerve supples the penis.

Scrotum, Testes, and Epididymides

The scrotum, the testes, and the epididymides are described
on page 45.

Bulbourethral (Cowper’s) Glands

The bulbourethral (Cowper’s) glands are two small glands
situated in the deep perineal pouch among the fibers ofthe
sphincter urethrae muscle. The ducts of these glands open
into the penile urethra.

Male Urethra

The male urethra 1s divided into three parts: the prostatic,
the membranous, and the penile.

PROSTATIC URETHRA

The prostatic urethra passes through the prostate from the
base to the apex (Fig. 3-17). It is the widest and most dilat-
able portion of the entire urethra. On the posterior wall,
there is a longitudinal ridge called the urethral crest (Fig.
3-14), and on each side of this ridge 1s a groove called the
prostatic sinus, into which the prostatic glands open. On
the summit of the urethral crest is a depression called the
prostatic utricle, which i1s an analog of the uterus and the
vagina in females. On the edge of the mouth of the utricle
are the openings ofthe two ejaculatory ducts.

MEMBRANOUS URETHRA

The membranous urethra passes through the urogenital di-
aphragm and is surrounded by the sphincter urethrae (Fig.
3-17). It 1s the shortest and least dilatable part of the
urethra.

PENILE URETHRA

The penile urethra passes through the bulb and the corpus
spongiosum ofthe penis (Fig. 3-17). The external meatus is
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Figure 3-18 The root and body ofthe penis.

the narrowest part of the entire urethra. The part of the ure-
thra within the glans penis i1s dilated to form the fossa ter-
minalis (navicular fossa). The bulbourethral glands open
into the penile urethra below the urogenital diaphragm.

For developmental homologs ofthe male and the female
genital systems, see Table 3-3.

@ CLINICAL NOTES

CATHETERIZATION IN THE MAILE

The following anatomic facts should be noted when
inserting a catheter.

» The external orifice at the glans penis is the narrow-
est part of the entire urethra.

* The urethra is dilated within the glans to form the
fossa terminalis.
* Near the posterior end ofthe fossa, a fold of mucous
membrane projects into the lumen from the roof.
 The membranous part of the urethra is narrow and
fixed.

e The prostatic part of the urethra 1s the widest and
most dilatable part ofthe urethra.

* By holding the penis upward, the Sshaped curve to
the urethra is converted into a Jshaped curve.

FEMALE EXTERNAL GENITALIA
(VULVA)

The vulva includes the mons pubis (hairbearing skin in
front of the pubis), the labia majora, the labia minora, the
clitoris, and the greater vestibular glands.

Labia Majora

The labia major are prominent folds of skin extending from
the mons pubis to unite posteriorly in the midline. They con-
tain fat, and hair covers their outer surfaces. (They are
equivalent to the scrotum in males.)

Labia Minora

The labia minora are two smaller folds of'skin, which are de-
void of hair, that lie between the labia majora. Their poste-
rior ends are united to form a sharp fold (the fourchette).
Anteriorly, they split to enclose the clitoris, thus forming an
anterior prepuce and a posterior frenulum.

Vestibule of the Vagina

The vestibule of the vagina is the space between the labia
minora. The vestibule has the clitoris at its apex and the
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Figure 3-19 Coronal section ofthe female pelvis that shows the vagina, urogenital diaphragm, and

contents ofthe superficial perineal pouch.

openings of the urethra, the vagina, and the ducts of the
greater vestibular glands in its floor.

5=0)) CLINICALNOTES
VAGINAL EXAMINATION

The anatomic relations ofthe vagina are of great clin-
ical importance. The following structures can be pal-

pated through the vaginal walls, from above down-
ward:

» Anteriorly: Bladder and urethra.

* Posteriorly: Loops of illeum and sigmoid colon in
the rectouterine peritoneal pouch (pouch of
Douglas), rectal ampulla, and perineal body.

» Laterally: Ureters, pelvic fascia and anterior fibers
of the levatores ani muscles and wurogenital
diaphragm.

Clitoris

The clitoris in females corresponds to the penis in males.
The glans of the clitoris 1s partly hidden by the prepuce,
and the root of the clitoris is composed ofthree masses of
erectile tissue: the bulb of the vestibule, and the right and
the left crura of'the clitoris. The bulb of the vestibule cor-
responds to the bulb ofthe penis, butbecause ofthe vagina,
it i1s divided into two halves. It 1s attached to the under-
surface of the urogenital diaphragm and is covered by the
bulbospongiosus muscles. Anteriorly, the two halves
unite to form the glans clitoris. The crura of the clitoris
correspond to the crura of the penis, and they are covered
by the ischiocavernosus muscles.

Greater Vestibular Glands

The greater vestibular glands are a pair of mucus-=secreting
glands that lie under cover ofthe posterior parts of the bulb
ofthe vestibule and the labia majora (Fig. 3-19). The duct of
cach gland opens into the groove between the hymen and
the posterior part of the labium minus.
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Table 3-4 Muscles ofthe Urogenital Triangle

Muscle Origin Insertion Nerve Supply Action
Male
Superficial Ischial tuberosity Perineal body Perineal branch of Fixes the perineal body
transverse the pudendal
perineal muscle nerve
Bulbospongiosus Perineal body Fascia ofthe bulb Perineal branch of Empties the urethra after
and median ofthe penis the pudendal micturition and
raphe and the corpus nerve ejaculation, assists in
spongiosum erection
and cavernosum
Ischiocavernosus Ischial tuberosity Fascia covering the Perineal branch of Assists in erection

Deep transverse
perineal muscle

Sphincter urethrae
Female
Superficial transverse

perineal muscle
Bulbospongiosus

Ischiocavernosus
Deep transverse

perineal muscle

Sphincter urethrae

and ischial

ramus
Ramus ofthe

1schium

Pubic arch

Ischial tuberosity

Perineal body

Ischial tuberosity

Ramus ofthe

1schium

Pubic arch

corpus cavernosum

Perineal body

Surrounds the urethra

Perineal body

Fascia ofthe corpus
cavernosum

Fascia covering
corpus cavernosum

Perineal body

Surrounds the urethra

the pudendal
nerve

Perineal branch of
the pudendal
nerve

Perineal branch of
the pudendal
nerve

Perineal branch ofthe
pudendal nerve

Perineal branch of
the pudendal
nerve

Perineal branch of
the pudendal
nerve

Perineal branch of
the pudendal
nerve

Perineal branch of
the pudendal
nerve

Fixes the perineal body

Voluntary sphincter of
the urethra

Fixes the perineal body

Sphincter ofthe vagina,
assists in erection of
the clitoris

Causes erection ofthe
clitoris

Fixes the perineal body

Voluntary sphincter of
the urethra

Female Urethra

The female urethra is only 1.5 in. (3.8 cm) in length, and it
extends from the bladder neck to the external meatus. It
passes through the urogenital diaphragm, where it traverses
the sphincter urethrae, and opens onto the surface below
the clitoris and in front of the vagina.

E%@))! CLINICAL NOTES

CATHETERIZATION OF THE FEMALE

Because the female urethra is shorter, wider, and
more dilatable, catheterization is much easier than in
the male. Moreover, the urethra is straight and only
minor resistance is felt as the catheter passes through
the urethral sphincter.

Muscles of the Urogenital Triangle

The attachments, nerve supplies, and action ofthe muscles
ofthe urogenital triangle are given in Table 34.

For developmental homologs ofthe male and the female
genital systems, see Table 3-3.

ANAL TRIANGLE
Anal Canal

The anal canal is approximately 1.5 in. (4 cm) in length and
lies below the pelvic diaphragm (Figs. 3-10 and 3-13). It
passes downward and backward from the rectal ampulla to
open onto the surface at the anus. Its lateral walls are kept
in apposition by the levatores ani muscles and the anal
sphincters (except during defecation).

The mucous membrane of the upper half of the anal
canal has vertical folds (anal columns). These are con-
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Table 3-5 Muscles ofthe Anal Triangle

canal, no bony

attachments
Puborectalis muscle Pubic bones
(part ofthe levator

ani muscle)

Sling around

Muscle Origin Insertion Nerve Supply Action
External anal sphincter
Subcutaneous part Encircles the anal
canal, no bony
attachments
Superficial part Perineal body Coccyx Inferior rectal Voluntary sphincter of
nerve and the anal canal, closes the
perineal branch anus
ofthe fourth
sacral nerve
Deep part Encircles the anal

junction of'the
rectum and

Perineal branch ofthe
fourth sacral
nerve and from the

Together with the external
anal sphincter, forms the
voluntary sphincter for the

anal canal perineal branch anal canal
ofthe pudendal
nerve
nected together at their lower ends by small semilunar folds
called anal valves. The mucous membrane of the lower @ CLINICAL NOTES
half of the canal is smooth and merges with the skin at the
anus. INTERNAL HEMORRHOIDS

The muscle coatis divided into outer longitudinal layers
and an inner circular layer of smooth muscle. The circular
layer is thickened at the upper end of the anal canal and
forms the involuntary internal sphincter. Surrounding
the internal sphincter of smooth muscle is a collar of striped
muscle called the voluntary external sphincter, which 1s
divided into three parts: the subcutaneous, the superfi-
cial, and the deep. The attachments ofthese parts are given
in Table 3-5.

The puborectalis fibers of the two levator ani muscles
form a sling, which is attached anteriorly to the pubic bones.
This sling passes around the junction of the rectum and the
anal canal and pulls them forward so that the rectum joins
the anal canal at an acute angle.

Atthe anorectal junction, the internal sphincter, the deep
part of the external sphincter, and the puborectalis form a
distinct ring called the anorectal ring.

BLOOD SUPPLY

Arteries

The superior rectal artery supplies the upper half of the
anal canal, and the inferior rectal artery supplies the lower
half.

Veins

The upper half of the anal canal is drained by the superior
rectal vein into the inferior mesenteric vein, and the lower
halfis drained by the inferior rectal vein into the internal pu-
dendal vein. The anastomosis between the rectal veins
forms an important portal-systemic anastomosis.

Internal hemorrhoids are varicosities ofthe tributaries
of the superior rectal vein. The tributaries of the
vein, which lie in the anal columns at the 3- 7- and
11 o’clock positions when the patient is viewed in the
lithotomy position (supine position with both hip
joints flexed and abducted and the feet held in stir-
rups). Internal hemorrhoids are covered with mucous
membrane and are initially contained within the anal
canal (first degree). As they enlarge, they extrude
from the canal on defecation but return at the end of
the act (second degree). With further elongation, they
prolapse on defecation and remain outside the anus
(third degree).

EXTERNAL HEMORRHOIDS

External hemorrhoids are varicosities ofthe tributaries
ofthe inferior rectal vein as they run laterally from the
anal margin. They are covered with skin.

LYMPH DRAINAGE

The upper half of the anal canal drains into the pararectal
nodes and then into the inferior mesenteric nodes. The
lower half drains into the medial group of superficial in-
guinal nodes.

NERVE SUPPLY

The mucous membrane ofthe upper half of the anal canal
1s sensitive to stretch and 1s innervated by sensory fibers that
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ascend through the hypogastric plexuses. The lower half'is
sensitive to pain, temperature, touch, and pressure and i1s in-
nervated by the inferior rectal nerves.

The internal anal sphincter is supplied by sympathetic
nerves from the hypogastric plexuses. The voluntary
external anal sphincter is supplied by the inferior rectal

nerves.

S——=0)) CLINICAL NOTES

RECTAL EXAMINATION

The following structures can be palpated by the
gloved index finger inserted into the anal canal and
rectum.

ANTERIORLY
In the male:

* Opposite the terminal phalanx are the contents
of the rectovesical pouch, the posterior surface of
the bladder, the seminal vesicles, and the vasa def-
erentia.

* Opposite the middle phalanx are the rectopro-
static fascia and the prostate.

* Opposite the proximal phalanx are the perineal
body, the urogenital diaphragm, and bulb of the
penis.

In the female:

* Opposite the terminal phalanx are the rectouter-
ine pouch, the vagina, and the cervix.

* Opposite the middle phalanx are the urogenital
diaphragm and the vagina.

* Opposite the proximal phalanx are the perineal
body and the lower part ofthe vagina.

POSTERIORLY

The sacrum, coccyx, and anococcygeal body can be
felt.

LATERALLY

The ischiorectal fossa and the ischial spines can be
palpated.

Ischiorectal Fossa

The ischiorectal fossa i1s a wedge-shaped space on each side
of the anal canal (Fig. 3-11). The base of the wedge i1s su-
perficial and is formed by the skin. The edge ofthe wedge is
formed by the junction of the medial and the lateral walls.
The medial wall is formed by the sloping levator ani muscle
and the anal canal; the lateral wall i1s formed by the lower

part ofthe obturator internus muscle, which is covered with
pelvic fascia.

The fossa is filled with fat that supports the anal canal.
The fossa allows the anal canal to distend during the process
of defecation. The pudendal nerve and the internal puden-
dal vessels lie in a fascial canal (the pudendal canal) on
the medial side ofthe ischial tuberosity.

ISCHIORECTAL FOSSA AND INFECTION

The close proximity to the anal canal make the fossae
particularly vulnerable to infection.

MUSCLES OF THE ANAL TRIANGLE

The attachments, nerve supplies, and actions ofthe muscles
ofthe anal triangle are given in Table 3-5.

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Matching Questions

Match the numbered structures shown on the anteroposterior
radiograph of'the pelvis with the appropriate lettered
structures.

1. Structure 1 A. Superior ramus ofthe pubis
2. Structure 2 B. Symphysis pubis
3. Structure 3 C. Iliopectineal line
4. Structure 4 D. Head ofthe femur
5. Structure 5 E. Obturator foramen
F. None ofthe above




Match the numbered structures shown on the anteroposterior
arteriogram of the lower part of the abdominal aorta and the
iliac and femoral arteries with the appropriate lettered
structures.

6. Structure 1 A. Internal iliac artery

7. Structure 2 B. Bladder

8. Structure 3 C. Obturator artery

9. Structure 4 D. Superior rectal artery

10. Structure 5 E. Common iliac artery
F. None ofthe above

Match the numbered structures shown on the CT'scan of the
pelvis after a bartum meal and intravenous pyelography with

the appropriate lettered structures.

11.
12.
13.
14.
15.
16.

CHAPTER 3 Pelvis and Permeum

Structure 1 A. Sacral foramen
Structure 2 B. Ilium
Structure 3 C. Sacroiliac joint
Structure 4 D. Small intestine
Structure 5 E. Psoas muscle
Structure 6 F. Right ureter

G. None ofthe above

Match the numbered structures shown on the transverse
sonogram of a female pelvis with the appropriate lettered
structure. This patient was involved in a serious automobile
accident during which the liver was lacerated and blood
escaped into the peritoneal cavity.

. Structure 1 A. Pouch of Douglas
. Structure 2 B. Bladder
Structure 3 C. Broad ligament
. Structure 4 D. Body ofthe uterus
. Structure 5 E. Uterovesical pouch
F. None ofthe above

Select the best answer for each question.
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22. The lymphatic drainage ofthe labia majora is into the

23.

24.

A. internal iliac nodes.

B. superficial inguinal nodes.

C. inferior mesenteric nodes.

D. internal and external iliac nodes.

E. para-aortic nodes at the level of the first lumbar

vertebra.

A carcinoma of the skin of the glans penis is likely to
spread via the lymphatics into the

A. external iliac nodes.

B. internaliliac nodes.

C. internal and external iliac nodes.

D. superficial inguinal nodes.

E. para-aortic nodes at the level of the first lumbar

vertebra.

A carcinoma of the cervix of the uterus is likely to
spread via the lymphatics into the

A.

external ililac nodes.
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25.

26.

217.

28.

29.

30.

31.

32.

internal i1liac nodes.

superficial inguinal nodes.
internal and external iliac nodes.
presacral lymph nodes.

moOw

A carcinoma of the prostate is likely to spread via the
lymphatics into the

A. internal and external iliac nodes.

B. internal iliac nodes.

C. para-aortic nodes.

D. superficial inguinal nodes.

E. iferior mesenteric nodes.

A carcinoma of'the vaginal orifice is likely to spread via
the lymphatics into the

medial group of horizontal superficial inguinal
nodes.

internal iliac nodes.

internal and external iliac nodes.

vertical group of superficial inguinal nodes.

none ofthe above.

>

e superior rectal artery originates from the
internal pudendal artery.
external iliac artery.
internal iliac artery.
inferior mesenteric artery.
none ofthe above.

TONWrd HUNW

The left ovarian artery originates from the
external iliac artery.

internal iliac artery.

left renal artery.

left common iliac artery.
abdominal part ofthe aorta.

e inferior rectal artery originates from the
superior mesenteric artery.
internal iliac artery.
internal pudendal artery.
external iliac artery.
presacral artery.

mMUNWrd MUOW R

The middle rectal artery originates from the
presacral artery.

common iliac artery.

internal iliac artery.

external iliac artery.

inferior mesenteric artery.

monwp>

The obturator internus muscle receives its nerve supply
from the

A. obturator nerve.

B. pudendal nerve.

C. pudendalnerve and the perineal branch of $4.

D. hypogastric plexus.

E. none ofthe above.

The internal anal sphincter receives its nerve supply
from the

A. hypogastric plexuses.

B. vagusnerve.

33.

34.

35.

36.

37.

38.

39.

40.

C. obturatornerve.
D. pudendalnerve.
E. pudendalnerve and the perineal branch of $4.

The sphincter urethrae receives its innervation from the
vagus nerve.

obturator nerve.

pudendal nerve.

inferior rectal nerve.

hypogastric plexuses.

mo 0wy

The levator ani muscle receives its innervation from the

A. pudendalnerve.

B. hypogastric plexuses.

C. pudendalnerve and the perineal branch of $4.
D. obturator nerve.

E. inferiorrectal nerve.

The superior rectal vein drains into the
A. 1Inferior vena cava.

B. internaliliac vein.

C. external iliac vein.

D. inferior mesenteric vein.

E. none ofthe above.

The right ovarian vein drains into the
right internal iliac vein.

inferior vena cava.

inferior mesenteric vein.

right external iliac vein.

right renal vein.

moNwpx

Apatient was examined with a leftsided varicocele; the
left testicular vein drains into the

left renal vein.

left internal iliac vein.

left external iliac vein.

inferior vena cava.

left inferior suprarenal vein.

mo 0wy

The prostatic venous plexus drains into the
inferior vena cava.

internal 1liac veins.

external i1liac veins.

internal and external iliac veins.
testicular veins.

moO0® >

In most women, the anatomic position of the uterus
when the bladder is empty is

retroverted.

anteverted.

anteflexed.

anteverted and anteflexed.

retroflexed.

¢ uterus receives its blood supply from the
superior vesical artery.
middle rectal artery.
ovarian artery.
uterine artery.
uterine and ovarian arteries.

mUQAwWPrd WOUNWE



41.

42.

43.

44.

45.

46.

47.

48.

In a woman with ovarian cancer, it is judicious to

examine the

A. peritoneal cavity for evidence of excessive fluid
(ascites).

B. superficial inguinal lymph nodes.

C. para-aortic nodes at the level of the first lumbar
vertebra.

D. externaliliac lymph nodes.

E. para-aortic lymph nodes and evidence of exces-
sive peritoneal fluid (ascites).

The narrowest part of the male urethra is the
A. membranous part.

B. prostatic part.

C. penile part.

D. external meatus on the glans penis.

E. none ofthe above.

Erection ofthe penis is a response to the activity of the
sympathetic nerves.

parasympathetic nerve.

sympathetic and parasympathetic nerves.
ilioinguinal nerves.

none ofthe above.

Mo Owp

Ejaculation is the response to the activity ofthe
obturator nerves.

perineal branch of $4.

sympathetic nerves.

parasympathetic nerves.

sympathetic and parasympathetic nerves.

moOwp

The posterior wall ofthe lower third ofthe vagina is sup-
ported by the

COCCYX.

perineal body.

anal canal.

anococcygeal body.

none ofthe above.

Mo 0w

The rectouterine pouch (pouch of Douglas) can be
most efficiently entered by a surgical incision through
the

posterior fornix ofthe vagina.

anterior fornix ofthe vagina.

anterior rectal wall.

lateral fornix ofthe vagina.

posterior wall ofthe cavity ofthe uterine body.

moOw»

Cancer of the prostate can metastasize to the skull via
the

pampiniform plexus.

external iliac veins.

vertebral venous plexus.

portal vein.

inferior vena cava.

¢ middle (median) lobe ofthe prostate lies
inferior to the ejaculatory ducts.
superior to the ejaculatory ducts.
anterior to the prostatic urethra.
lateral to the lower part of the prostatic urethra.

COoOwWrZd mUOwE

49.

50.

51.

52.

53.

54.

55.
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E. superior to the ejaculatory ducts and posterior to
the upper part ofthe prostatic urethra.

The promontory ofthe sacrum is formed by the

A. lower border of the anterior surface of the fifth
sacral vertebra.

B. anterior surface ofthe second sacral vertebra.

C. lateral masses ofthe sacrum.

D. anterior and upper border of the first sacral verte-

bra.
E. lateral edge ofthe sacrum.

The pelvic outlet is bounded posteriorly by the coccyx,
laterally by the sacrotuberous ligaments and the
, and anteriorly by the pubic arch.

ischial spines

piriformis muscle

1schial tuberosities

perineal membrane

obturator foramen

Mo W

The pelvic diaphragm is formed by the and
coccygeus muscles and their covering fasciae.
piriformis

levator ani

deep transverse perineal muscles

perineal membrane

sphincter urethrae

¢ urogenital diaphragm is attached laterally to the
tip of the coccyx.
ischial spine.
inferior ramus of the pubis and the 1schial ramus.
ischial tuberosities.
obturator internus fascia.

MOOWrd MUOWR

During defecation, the levator ani muscles

A. are completely inactive.

B. do notsupport the uterus and vagina.

C. relax (puborectalis portion) with the anal
sphincters.

D. do notsupportthe sigmoid colon.

E. donotsupportthe bladder.

During the second stage oflabor, the gutter shape ofthe

pelvic floor tends to

A. become flat.

B. cause the baby’s head to rotate so that its fronto-
occipital diameter assumes the transverse
position.

C. cause the baby’s head to rotate so that its fronto-
occipital diameter assumes the anteroposterior po-
sition with the occipital bone lying posterior.

D. cause the baby’s head to rotate so that its fronto-
occipital diameter assumes the anteroposterior po-
sition with the frontal bone lying posterior.

E. interfere with the normal process oflabor.

The mucous membrane lining the upper halfofthe anal
canal is

A. lined with stratified squamous epithelium.

B. drained by the inferior rectal vein.
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56.

57.

58.

59.

60.

61.

C. drained into the superficial inguinal lymph nodes.
D. sensitive to touch and to pain.
E. sensitive to stretch.

The anal columns

A. contain tributaries of the superior rectal vein.
B. are connected at their ends by spiral valves.
C. are located in the lower halfofthe anal canal.
D. are transverse folds of mucous membrane.

E. contain branches ofthe pudendal nerve.

The female urethra

A. isapproximately 3 in. (7.62 cm) in length.

B. s difficult to dilate.

C. 1sinsensitive to stretching.

D. opensinto the vestibule above the clitoris.

E. isreadily accessible to infection.

The process oforgasm in the female depends in part on

the

A. smooth muscle in the vaginal walls contracting in
response to the activity of the parasympathetic
innervation.

B. bulbospongiosus muscles contracting in response
to the sympathetic nerve fibers.

C. ischiocavernosus muscles contracting in response
to the activity ofthe pudendal nerve.

D. stimulation of the clitoris, which is innervated by
the obturator nerve.

E. stimulation of the labia minora, which are inner-
vated by the obturator nerve.

The rectouterine pouch (pouch of Douglas)

A. is formed by parietal pelvic fascia.

B. commonly contains coils ofjejunum.

C. lies anterior to the vagina.

D. lies behind the posterior fornix of the vagina and

the body ofthe uterus.

is not the most dependent part of the female peri-
toneal cavity when the woman is in the standing
position.

e

The following structures are closely related to the

rectouterine pouch (pouch of Douglas) except which?

A. Anteriorly is situated the posterior surface of the
upper part of the vagina.

B. Posteriorly is situated the upper part ofthe rectum.

C. The trigone of the bladder 1s directly related to its
anterior wall.

D. Anteriorly is situated the posterior surface of the
body of'the uterus.

E. Laterally is situated the sacrocervical ligaments
passing forward to the cervix.

Support for the uterus, either directly or indirectly, is
provided by the following structures except which?

A. The perineal body

B. The mesosalpinx

C. The transverse cervical (cardinal) ligaments

D. The levator ani muscles

E. The pubocervical ligaments

62.

63.

64.
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The following statements regarding the ovary are

correct except which?

A. It is attached to the posterior layer of the broad

ligament.

It ovulates an ovum into the peritoneal cavity.

It is attached to the lateral pelvic wall by the round

ligament of the ovary.

It normally is not related to the posterior fornix of

the vagina.

E. The right ovarian vein drains into the inferior vena
cava.

O Ow

The following statements regarding the urinary bladder

are true except which?

A. It lies in the visceral layer of pelvic fascia beneath

the peritoneum.

When the bladder is empty, the internal surface is

wrinkled except at the trigone, which is smooth.

Parasympathetic nerve fibers innervate the detru-

sor muscle.

The trigone is the area between the openings ofthe

urethra and the two ureters.

E. In children, the bladder 1s located entirely within
the pelvis.

o 0 w

The broad ligament contains all of the following
except which?

The round ligament ofthe ovary

The uterine artery

The round ligament of the uterus

The uterine tubes

The ureters

moOOwWx>

Malignant tumors of the trigone of the bladder spread
(metastasize) to which ofthe following lymph nodes?
A. Lumbar

B. Sacral

C. Externaliliac only

D. External and internal iliac

E. Superficial inguinal

In males, traumatic injury to the perineum may rupture
the bulb ofthe penis or the penile urethra. The resulting
leakage of blood or urine may be found in all of the
following areas except which?

The anterior abdominal wall

B. The ischiorectal fossa

C. The scrotum

D. The penis

E. The superficial perineal pouch

>

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

A 21-year-old woman complaining of severe
pain in the right iliac region was seen in the
emergency department. Just before admission,
she had fainted. On physical examination, her
abdominal wall was extremely tender on palpa-
tion in the right iliac region, and some rigidity
and guarding of the lower abdominal muscles
were noticed. A vaginal examination revealed
that a tender, “doughlike” mass could be felt



67. Using your knowledge ofanatomy, explain the relation-

68.

69.

70.

71.

through the posterior fornix. The patient had
missed her last period. The diagnosis of a rup-
tured ectopic pregnancy was made. In this ec-
topic pregnancy, the embryo was implanted in
the right uterine tube. Rupture of the tube pro-
duced the symptoms and the signs that were
noted.

ship ofthe uterine tube to the peritoneal cavity.

A. The tube is retroperitoneal.

B. The tube lies within the peritoneal cavity.

C. The tube lies within the broad ligamentnear its base.

D. The tube lies in the free margin of the broad
ligament.

E. The tube lies within the parametrium.

The tender, doughlike mass felt through the posterior

wall of the vagina resulted from what?
A. Aretroverted uterus

B. Blood in the pouch of Douglas

C. Afullbladder

D. Blood in the uterovesical pouch

E. Aprolapsed ovary

What was responsible for the guarding (partial contrac-

tion) ofthe lower abdominal muscles?

A. Blood in the peritoneal cavity causing irritation of

the parietal peritoneum and reflex contraction ofthe
lower abdominal muscles

Apprehension ofthe patient

Reflex contraction of the abdominal muscles
because of damage to the wall of the uterine tube
D. Stretching ofthe peritoneum ofthe broad ligament
E.

QW

The high level of blood estrogen causing irritability

ofthe abdominal muscles

A 56-year-old man was seen by his physician be-
cause the patient had noticed that his “bowel”
was protruding from his anus after defecation.
On questioning, the patient stated that for the
past 2 years he had frequently passed blood-
stained stools. Digital rectal examination re-
vealed nothing abnormal. Proctoscopic exami-
nation showed that the mucous membrane
above the level of the anal valves tended to
bulge downward in three areas when the patient
strained. The swollen mucous membrane con-
tained large, congested veins beneath the sur-
face.

Based on your knowledge ofanatomy, make a reasoned
diagnosis.

A. External hemorrhoids

B. Perianal abscess

C. Complete rectal prolapse

D. Internal hemorrhoids

E. Chronic anal fissures

What is the venous drainage of the mucous membrane
ofthe anal canal?
A. Middle rectal veins only
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B. Inferior rectal veins only

C. Superior and inferior rectal veins
D. Middle and inferior rectal veins
E. Internal pudendal veins

ANSWERS TO REVIEW QUESTIONS
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60.
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63.

64.
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11. B 21. B
12. F 22. B
13. C 23. D
14. A 24. D
15. E 25. B
16. D 26. A
17. D 27. D
18. C 28. E
19. A 29. C
20. E 30. C

The obturator internus muscle receives its nerve
supply from the sacral plexus.

42. D 52. C
43. B 53. C
44. C 54. D
45. B 55. E
46. A 56. A
47. C 57. E
48. E 58. C
49. D 59. D
50. C

51. B

The pouch of Douglas is separated from the
trigone of the bladder by the uterus and the
vagina.

The mesosalpinx is an area of the broad ligament
between the uterine tube and the attachment of
the mesovarium. It provides no support for the
uterus.

The ovaryis attached (suspended) from the lateral
wall of the pelvis by the suspensory ligament. It
contains the blood and the lymphatic vessels as
well as the nerves supplying the ovary. The round
ligament of the ovary is the remains of the upper
part ofthe gubernaculum, and it extends from the
medial border ofthe ovary to the lateral wall ofthe
body ofthe uterus.

Because the pelvis 1s small in young children,
there 1s insufficient room for the urinary bladder.
Even the empty bladder projects upward into the
abdomen. Later, when the pelvis enlarges, the
bladder sinks to become a pelvic organ.

The ureters pass forward inferior to the broad liga-
ments.
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The arrangement of the membranous layer of
superficial fascia (Colles’ fascia) in the per-
ineum prevents fluid from traveling backward
into the ischiorectal fossae. The fascia is at-
tached to the posterior border of the urogenital
diaphragm.

Tubal pregnancies commonly occur where the in-
fundibulum narrows to join the isthmus. Rupture
ofthe tube almost invariably occurs with severe n-
traperitoneal hemorrhage. The blood gravitates
downward into the lowest part of the peritoneal
cavity (pouch of Douglas), where it clots and
forms a doughlike mass that can usually be felt
through the posterior vaginal wall.

Blood is an 1rritant to the peritoneum. The parietal
peritoneum ofthe lower part ofthe abdomen and
pelvis receives its sensory nerve supply from the
lumbar spinal nerves (iliohypogastric, ilioin-
guinal, and obturator nerves). The muscles of the
lower part of the anterior abdominal wall are in-
nervated by the iliohypogastric and ilioinguinal
nerves, and there 1s a reflex spasm of these ab-
dominal muscles. This spasm is essentially a pro-
tective mechanism and an attempt to keep that

70.

71.

arca ofthe abdomen at rest so that the irritant will
remain localized.

Internal hemorrhoids are dilatations of the tribu-
taries ofthe superior rectal vein. They are covered
by mucous membrane in the upper half of the
anal canal, and they lie within the vertical anal
columns. One large tributary occurs on the left of
the canal; two large tributaries occur on the right.
As these dilatations enlarge, they are pushed
down the anal canal during defecation and may
be extruded through the anus. At first, they return
to the canal at the end ofdefecation, but with fur-
ther enlargement and elongation, they remain out-
side the anus.

Venous drainage ofthe mucous membrane ofthe
upper half of the anal canal is from the superior
rectal vein and that from the lower halfis from the
inferior rectal veins. The middle rectal veins are
mainly concerned with draining blood from the
muscle and connective tissue of the canal.
Because the superior rectal vein 1s a tributary of
the portal vein and the inferior and the middle
rectal veins are tributaries of the systemic veins,
the anal canal 1s an important site for portal-
systemic anastomoses in patients with a blocked
portal vein.
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Upper Limb

The upper limb is a multijointed lever that is freely mov-
able on the trunk at the shoulder joint. At its distal end is the
important organ: the hand.

It is suggested that the upper limb be reviewed in the
following order:

1. The mammary gland. Situated in the pectoral region,
this organ is of great clinical importance.

2. A brief overview of the bones and the major joints,
preferably with the help of an articulated skeleton.

3. A consideration of the more important muscles, with
special emphasis on their actions and nerve supply.

4. A brief review of the blood supply and lymphatic
drainage ofthe upper limb.

5. Adetailed overview ofthe nerves and their distribution,
with special emphasis on the branches of the brachial
plexus (which are frequently injured).

To assist students in the review process, tables are used
extensively in this chapter.

MAMMARY GLAND

The mammary glands are specialized accessory glands of
the skin that secrete milk (Fig. 4-1) and are present in both
sexes. In males and immature females, the mammary glands
are similar in structure. The nipples are small and sur-
rounded by a colored area of skin called the areola. The
breast tissue consists ofa system ofducts embedded in con-
nective tissue that doesnot extend beyond the margin ofthe
areola.

Under the influence ofthe ovarian hormones, the mam-
mary glands gradually enlarge and assume their hemispher-
ical shape (Fig. 4-1) in females at puberty. The ducts elon-
gate, butthisincreased size ofthe glands mainly results from
the deposition of adipose tissue. The base of the breast ex-
tends from the second to the sixth rib and from the lateral

margin of the sternum to the midaxillary line. The greater
part ofthe gland lies in the superficial fascia, but a small part
(the axillary tail) pierces the deep fascia at the lower bor-
der ofthe pectoralis major muscle and enters the axilla. The
mammary glands are separated from the deep fascia cover-
ing the underlying muscle by loose areolar tissue called the
retromammary space.

Each gland consists of 15 to 20 lobes that radiate out-
ward from the nipple. There is no capsule. Each lobe is sep-
arated from its neighbor by connective tissue septa that ex-
tend from the skin to the deep fascia and that serve as
suspensory ligaments. The main lactiferous duct from
cach lobe opens separately on the summit ofthe nipple and
possesses a dilated ampulla or lactiferous sinus just be-
fore its termination (Fig. 4-1). The ampulla serves as a small
reservoir for the secreted milk.

Blood Supply
ARTERIES

Lateral thoracic and thoracoacromial arteries, branches of
the axillary artery, and perforating branches of the internal
thoracic and intercostal arteries supply the breast.

VEINS

The veins correspond to the arteries.

Lymphatic Drainage

The lateral quadrants ofthe breast drain into the anterior ax-
illary or the pectoral nodes (Fig. 4-2). The medial quadrants
drain into the internal thoracic nodes. A few lymph vessels
also drain posteriorly into the posterior intercostal nodes,
and some communicate with the lymphatic vessels of the
opposite breast and with those of the anterior abdominal
wall.

113
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Figure 4-1 Mature mammary gland in the female. A. Anterior view with the skin partially removed
to show the internal structure. B. Sagittal section. C. The axillary tail, which pierces the deep fas-
cia and extends into the axilla.



CHAPTER4 UpperLimb 115
pectoralis major

/____ \'\ // S

—

-

apical lymph nodes

pectoralis minor
central

lymph nodes

V internal thoracic
lymph nodes

anterior axillary
or pectoral lymph
nodes

Figure 4-2 Lymph drainage ofthe mammary gland.

BONES

BREAST EXAMINATION

The clavicle and the scapula form the shoulder girdle.

: , . CLAVICLE
The breast is one of the common sites of cancer in . . . .
women. It is also subject to different types of benign The clavicle articulates medially with the sternum and the
tumors and may be the site of acute inflammation first costal cartilage and laterally with the scapula. The me-
and abscess formation. On examination, any dial two thirds is convex forward, and the lateral one third is
swelling should be noted and the nipples examined concave forward.

for evidence of retraction. With the patient lying
down, the breasts are palpated against the thoracic % CLINICAL NOTES

wall. The patient is then asked to sit up and raise

both arms above her head. With this maneuver, a FRACTURED CLAVICLE

deep-seated carcinoma tethered to the skin, liga-

ments, or lactiferous ducts, produces dimpling ofthe The clavicle, because of its exposed position, is the
skin or retraction of the nipple. The axillary lymph most commonly fractured bone in the body. The frac-
nodes should then be carefully examined for evi- ture usually occurs as the result ofa fall on the shoul-

dence of metastases. der or outstretched hand.
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Figure 4-3 The right scapula. A. Anterior surface. B. Posterior surface.

SCAPULA

The scapula 1s a flat, triangular bone (Fig. 4-3). On its poste-
rior surface, the spine of the scapula projects backward.
The lateral end ofthe spine forms the acromion, which ar-
ticulates with the clavicle, and the superolateral angle ofthe
scapula formsthe glenoid cavity, which articulates with the
head of the humerus. The coracoid process projects up-
ward and forward, and it provides attachment for muscles
and ligaments. Medial to the base ofthe coracoid process is
the suprascapular notch. The subscapular fossa is the
concave anterior surface ofthe scapula. The supraspinous
fossa lies above the spine, and the infraspinous fossa lies
below the spine on the posterior surface ofthe scapula.

Bones of the Arm

HUMERUS

The head ofthe humerus liesatthe upperend and forms ap-
proximately a third of a sphere, which articulates with the
glenoid cavity of the scapula (Fig. 44). Inmediately below

the head 1s the anatomical neck. Below the anatomic neck
are the greater and the lesser tuberosities, which are sep-
arated from each other by the bicipital groove. Distal to
the tuberosities is this surgical neck, which is a narrow re-
gion that is frequently fractured. The deltoid tuberosity is
a roughened areca approximately halfway down the lateral
aspect of the shaft (Fig. 44), and it is for the insertion ofthe
deltoid muscle. Behind and below the deltoid tuberosity is
a spiral groove, in which the radial nerve lies.

The medial and the lateral epicondyles lie atthe lower
end ofthe humerus and are for the attachment of muscles
and ligaments. The rounded capitulum articulates with the
head of the radius, and the pulleyshaped trochlea articu-
lates with the trochlear notch ofthe ulna. The radial fossa
lies above the capitulum, and it receives the head ofthe ra-
dius in full flexion ofthe elbow joint. Above the trochlea an-
teriorly is the coronoid fossa, which receives the coronoid
process of the ulna during full flexion of the elbow joint.
Above the trochlea posteriorly is the olecranon fossa,
which receives the olecranon process ofthe ulna when the
elbow joint is extended.
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Figure 4-4 The right humerus. A. Anterior surface. B. Posterior surface.

FRACTURES OF THE HUMERUS AND INJURY
TO THE RADIAL NERVE

The radial nerve can be damaged where it lies in the
spiral groove on the posterior surface of the shaft of
the humerus under cover ofthe triceps muscle.

Bones of the Forearm

RADIUS

The radius 1s the lateral bone of the forearm (Fig. 44). The
head, which is small and circular, lies at the upper end. The

upper concave surface articulates with the convex capitulum,
and the circumference ofthe head articulates with the radial
notch ofthe ulna. The bone is constricted below the head to
form the neck, and below the neck is the bicipital tuberos-
ity, which 1s for the insertion ofthe biceps brachit muscle.

Medially, the shaft has a sharp interosseous border for
the attachment of the interosseous membrane, which
binds the radius and the ulna together.

The styloid process projects distally from the lateral
margin ofthe lower end ofthe radius (Fig. 44). On the me-
dial surface of the lower end is the ulnar notch, which ar-
ticulates with the head of the ulna. The inferior surface of
the lower end articulates with the scaphoid and the lunate
bones. On the posterior surface ofthe lower end is the small
dorsal tubercle, which is grooved on its medial side by the
tendon of extensor pollicis longus.
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ULNA

The ulna 1s the medial bone of the forearm (Fig. 44). The
olecranon process is the large upper end that forms the
prominence of the elbow, and the trochlear notch lies on
the anterior surface ofthe olecranon process and articulates
with the trochlea ofthe humerus. Below the trochlear notch
is the triangular coronoid process, which on its lateral sur-
face hasthe radial notch for articulation with the head ofthe
radius.

Laterally, the shaft has a sharp interosseous border for
the attachment of the interosseous membrane.

The small, rounded head lies at the lower end of the

ulna. The styloid process projects from the medial aspect
ofthe head.

Bones of the Hand
CARPAL BONES

There are eight carpal bones, which are arranged in two
rows of four (Fig. 4-5). From lateral to medial, the proximal

row consists of the scaphoid (navicular), the lunate, the
triquetral, and the pisiform bones. From lateral to medial,
the distal row consists of the trapezium, the trapezoid,
the capitate, and the hamate bones. The carpal bones are
united with one another by strong ligaments. Together, the
bones form a concavity on their anterior surface, to the lat-
eral and the medial edges of which is attached a strong
membranous band (the flexor retinaculum) that forms a
bridge. This bridge and the carpal bones form the carpal
tunnel for the passage of the median nerve and the long
flexor tendons ofthe fingers (Fig. 4-6).

@ CLINICAL NOTES

MEDIAN NERVE AND CARPAL
TUNNEL SYNDROME

Clinically, the median nerve may be compressed in
the carpal tunnel, thus giving rise to the carpal tunnel
syndrome.
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Figure 4-5 Anterior surface ofthe bones ofthe right hand showing important muscular attachments.
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Figure 4-6 Cross section ofthe hand showing the relationship ofthe tendons, the nerves, and the

arteries to the flexor and the extensor reticula.

METACARPAL BONES

There are five metacarpal bones, each of which has a prox-
imal base, a shaft, and a distal head (Fig. 4-5). The bases of
the metacarpal bones articulate with the distal row of
the carpal bones. The heads, which form the knuckles,
articulate with the proximal phalanges.

PHALANGES

There are three phalanges for each finger, but there are only
two for the thumb (Fig. 4-5). Each phalanx has a proximal
base, a shaft, and a distal head.

JOINTS

Shoulder Joint

ARTICULATION

The shoulder joint consists of the rounded head of the
humerus and the shallow glenoid cavity ofthe scapula cov-
ered with hyaline cartilage (Fig. 4-7). The glenoid cavity is
deepened by the fibrocartilaginous rim (the glenoid
labrum).

TYPE

This joint is a synovial ball-andsocket joint.

CAPSULE

The capsule of the shoulder joint is thin and lax, and it al-
lows for a wide range ofmovement. Itis attached around the
outside ofthe glenoid labrum and to the anatomic neck of
the humerus. The capsule is strengthened by the tendons of
the short muscles around the joint—mamely, the subscapu-
laris muscle anteriorly, the supraspinatus muscle superiorly,
and the imfraspinatus and teres minor muscles posteriorly.
Collectively, these muscle tendons are called the rotator
cuff, which plays an important role in stabilizing the
shoulder joint.

LIGAMENTS

Glenohumeral Ligaments

The glenohumeral ligaments are three bands that strengthen
the anterior part ofthe capsule.

Transverse Humeral Ligament

The transverse humeral ligament bridges the gap between
the greater and the lesser tuberosities of the humerus. It
holds the tendon ofthe long head of the biceps muscle in
place.
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Figure 4-7 A. Lateral aspect ofthe right elbow joint. B. Medial aspect of the right elbow joint.
C. Inferior radioulnar joint, wrist joint, and carpal joints.

Coracohumeral Ligament

The coracohumeral ligament strengthens the capsule
above, and it extends from the root ofthe coracoid process
to the greater tuberosity ofthe humerus.

Accessory Ligament

The coracoacromial ligament extends from the coracoid
process to the acromion. It protects the superior aspect of
the joint.

SYNOVIAL MEMBRANE

The synovialmembrane lines the capsule (Fig. 4-8), surrounds
the tendon ofthe biceps, and protrudes forward through the
capsule to form a bursa beneath the subscapularis muscle.

NERVE SUPPLY

Axillary and suprascapular nerves supply the joint.

MOVEMENTS AND MUSCLES THAT PRODUCE
MOVEMENTS

The shoulder joint has a wide range of movement.

* Flexion: Anterior fibers of the deltoid, the pectoralis ma-
jor, the biceps, and the coracobrachialis muscles.

 Extension: Posterior fibers of the deltoid, the latissimus
dorsi, and the teres major muscles.

 Abduction: Middle fibers of the deltoid muscle, assisted
by the supraspinatus muscle.

 Adduction: Pectoralis major, latissimus dorsi, teres major,
and teres minor muscles.

« Lateral rotation: Infraspinatus, teres minor, and posterior
fibers of deltoid muscles.

 Medial rotation: Subscapularis, latissimus dorsi, teres
major, and anterior fibers of deltoid muscles.

 Circumduction: A combination of all the described
movements.
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Figure 4-8 Interior of the shoulder joint.

STABILITY

The strength of the joint depends on the tone of the sub-

scapularis, the supraspinatus, the infraspinatus, and the
teres minor (tendons from the rotator cuff) muscles. The
weakest part ofthe joint lies inferiorly, because there is little
support there and the capsule is weakest in that area.

IMPORTANT RELATIONS

 Anteriorly: Brachial plexus and axillary vessels.

 Inferiorly: Axillary nerve and posterior circumflex
humeral vessels (because they lie in the quadrangular
space).

.
A\—:—{\'//;/\

O CLINICAL NOTES

DISLOCATIONS OF THE SHOULDER JOINT AND
AXILIARY NERVE INJURY

A subglenoid displacement of the head of the
humerus into the quadrangular space can cause dam-
age to the axillary nerve, as indicated by paralysis of

the deltoid muscle and loss of skin sensation over the
lower half ofthe deltoid.
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Elbow Joint
ARTICULATION

The elbow joint consists of the trochlea and capitulum of
the humerus with the trochlear notch of the ulna and the
head ofthe radius (Fig. 4-7).

TYPE

The elbow is a synovial hinge joint.

CAPSULE

The capsule encloses the joint.

LIGAMENTS
[ateral Collateral Ligament

The lateral collateral ligament is triangular in shape. It is at-
tached by its apex to the lateral epicondyle ofthe humerus
and by its base to the superior margin of the anular
ligament and the ulna (Fig. 4-7).

Medial Collateral Ligament

The medial collateral ligament is triangular in shape, and it
is attached by its apex to the medial epicondyle of the
humerus and by its base to the coronoid process and ole-
cranon process of the ulna (Fig. 4-7). It is closely related to
the ulnar nerve.

DAMAGE TO THE UINAR NERVE WITH
E1Bow JOINT INJURIES

The close relationship ofthe ulnarnerve to the medial
side ofthe joint often results in its becoming damaged
in dislocations of the joint or in fracture dislocations
in this region.

SYNOVIALMEMBRANE

The synovial membrane lines the capsule and is continuous
below with the synovial membrane of the superior radioul-
nar joint.

NERVE SUPPLY

Median, ulnar, musculocutaneous, and radial nerves supply
the joint.

MOVEMENTS AND MUSCLES THAT PRODUCE
MOVEMENT

» Flexion: Brachialis, biceps, brachioradialis, and pronator
teres muscles.
* Extension: Triceps and anconeus muscles.

CARRYING ANGLE

The carrying angle, which opens laterally, 1s seen when the
elbow joint is extended and lies between the arm and fore-
arm. The angle is 170° in males and 167° in females. The an-
gle disappears when the elbow joint is flexed.

IMPORTANT RELATIONS

* Anteriorly: Median nerve and brachial artery.
 Medially: Ulnar nerve as it passes behind the medial
epicondyle ofthe humerus.

Superior Radioulnar Joint
ARTICULATION

The superior radioulnar joint consists of the circumference
ofthe head ofthe radius and the anular ligament and the ra-
dial notch of the ulna. The anular ligament forms a collar
around the head ofthe radius.

SYNOVIAL MEMBRANE

The synovial membrane lines the capsule and is continuous
above with that ofthe elbow joint.

MOVEMENTS AND MUSCLES THAT PRODUCE
MOVEMENT

 Pronation: Pronator teres and pronator quadratus mus-
cles. This movement rotates the hand medially so that the
palm faces posteriorly and the thumb lies on the medial
side.

e Supination: Biceps and supinator muscles. This move-
ment returns the pronated hand to the anatomic position
so that the palm faces anteriorly and the thumb lies on the
lateral side. (Supination is more powerful than pronation.)

Inferior Radioulnar Joint
ARTICULATION

The inferior radioulnar joint consists ofthe head ofulna and
the ulnar notch ofradius (Fig. 4-7).

TYPE

This is a synovial pivot joint.

CAPSULE AND LIGAMENTS

The capsule encloses the joint and 1s strengthened by ante-
rior and posterior ligaments.

ARTICULAR DISC

The articular disc is triangular in shape and 1s composed of
fibrocartilage. Its apex is attached to the base of the styloid



process ofthe ulna, and its base is attached to the lower bor-
der ofthe ulnar notch of'the radius. It binds the distal ends
ofthe radius and the ulna together and shuts off the inferior
radioulnar joint from the wrist joint.

MOVEMENTS AND MUSCLES THAT PRODUCE
MOVEMENT

Rotary movements are made around a vertical axis at the su-
perior and the inferior radioulnar joints. (See the move-
ments for the superior radioulnar joint.)

Wrist Joint (Radiocarpal Joint)
ARTICULATION

The wrist joint consists ofthe distal end ofradius and the tri-
angular cartilaginous articular disc above and the scaphoid,
the lunate, and the triquetral bones below (Fig. 4-7).

TYPE

The wrist is a synovial condyloid joint.

CAPSULE

The capsule encloses the joint.

LIGAMENTS

» Anterior and posterior ligaments: They strengthen the
capsule.

« Medial ligament: It connects the styloid process of the
ulna to the triquetral bone.

 [ateral ligament: It connects the styloid process of the ra-
dius to the scaphoid bone.

SYNOVIAL MEMBRANE

The synovial membrane lines the capsule.

NERVE SUPPLY

Anterior interosseous nerve from the median and the deep
branches ofthe radial and the ulnar nerves supply the wrist
joint.

MOVEMENTS AND MUSCLES THAT PRODUCE
MOVEMENT

Rotation 1s not possible, because the articular surfaces are
ovoid in shape. This lack of rotation is compensated for by
the movements of pronation and supination ofthe forearm.

* Flexion: Flexor carpi radialis, flexor carpi ulnaris, pal-
maris longus, flexor digitorum superficialis, flexor digito-
rum profundus, and flexor pollicis longus muscles.

« Extension: Extensor carpi radialis longus, extensor carpi
radialis brevis, extensor carpi ulnaris, extensor digitorum,
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extensor indicis, extensor digiti minimi, and extensor
pollicis longus muscles.

* Abduction: Flexor carpi radialis, extensor carpi radialis
longus and brevis, abductor pollicis longus, and extensor
pollicis longus and brevis muscles.

* Adduction: Flexor and extensor carpi ulnaris muscles.

IMPORTANT RELATIONS

 Anteriorly: Median and ulnar nerves.
e Laterally: Radial artery.

Carpometacarpal Joints

The carpometacarpal joints are synovial gliding joints with
anterior, posterior,and interosseous ligaments (Fig. 4-7).

CARPOMETACARPAL JOINT OF THE THUMB

Articulation

The carpometacarpal joint ofthe thumb occurs between the
trapezium and the saddlesshaped base of the first
metacarpal bone (Fig. 4-7).

Type

This 1s a synovial saddle joint (biaxial joint).

Movements and Muscles that Produce Movement

* Flexion: Flexor pollicis brevis and longus and opponens
pollicis muscles.

» Extension: Extensor pollicis longus and brevis muscles.

 Abduction: Abductor pollicis longus and brevis muscles.

* Adduction: Adductor pollicis muscle.

* Rotation (as in opposition): Opponens pollicis muscle
(which rotates the thumb medially).

Metacarpophalangeal Joints
ARTICULATION

The metacarpophalangeal joint consists of the convex
heads ofthe metacarpal bones and the concave bases ofthe
proximal phalanges (Fig. 4-7).

TYPE

These joints are synovial condyloid joints.

LIGAMENTS

Palmar Ligaments

The palmar ligaments are strong and contain fibrocartilage.

Collateral Ligaments

The collateral ligaments are cordlike bands that join the
head ofthe metacarpalbone to the base ofthe phalanx. The
collateral ligaments are taut when the joint is in flexion, and
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they are lax when the joint is in extension. ( Thus fingers can
be abducted and adducted in extension.)

MOVEMENTS AND MUSCLES THAT PRODUCE
MOVEMENT

* Flexion: Lumbricals and interossei muscles, assisted by
flexor digitorum superficialis and profundus muscles.

 Extension: Extensor digitorum, extensor indicis, and
extensor digiti minimi muscles.

* Abduction (movementaway from the midline ofthe third
finger): dorsal interossei—that is, DAB (dorsal abduct).

* Adduction (movement toward the midline of the third
finger): palmar interossei—that is, PAD (palmar adduct).

In the metacarpophalangeal joint ofthe thumb, flexion is
performed by the flexor pollicis longus and brevis muscles,
and extension is performed by the extensor pollicis longus
and brevis muscles. Abduction and adduction are
performed at the carpometacarpal joint.

Interphalangeal Joints

The interphalangeal joints are synovial hinge joints with a
structure similar to that ofthe metacarpophalangeal joints.

MUSCLES OF THE UPPER LIMB
Shoulder Region

The muscles connecting the upper limb to the vertebral col-
umn are shown in Table 4-1. The muscles connecting the up-
per limb to the thoracic wall are shown in Table 42, and the
muscles connecting the scapula to the humerus are shown

in Table 4-3.

AXIITA

The axilla (or armpit) 1s a pyramid-shaped space between
the upper part ofthe arm and the side ofthe chest (Fig. 59).
The upper end (or apex) is directed into the root of the
neck, and 1t is bounded in front by the clavicle, behind by
the upper border of the scapula, and medially by the outer
border of the first rib. The lower end (or base) is bounded
in front by the anterior axillary fold (formed by the lower
border of the pectoralis major muscle), behind by the pos-
terior axillary fold (formed by the tendon oflatissimus dorsi
and the teres major muscle), and medially by the chest wall.

The axilla contains the principal vessels (axillary artery
and vein) and nerves (brachial plexus and its branches)
that supply the upper limb (Fig. 49). The axilla also
contains many lymph nodes.

Axillary Sheath

The axillary sheath encloses the axillary vessels and the
brachial plexus. It is continuous above in the neck with the
prevertebral layer of deep cervical fascia.

E%: CLINICAL NOTES

AXILIARY SHEATH AND BRACHIAL P1LEXUS
NERVE BLOCK

The axillary sheath 1s important when performing a
nerve block of the brachial plexus, because the
sheath localizes the anesthetic solution to the nerve
plexus.

spines of all thoracic
vertebrae

Iliac crest, lumbar fascia,
spines of the lower six

Latissimus dorsi

> Table 4-1 Muscles Connecting the Upper Limb to the Vertebral Column
Muscle Origin Insertion Nerve Supply Action
Trapezius Occipital bone, ligamentum Upper fibers into the Spinal part of the Upper fibers elevate the
nuchae, spine ofthe lateral third of'the accessory nerve and scapula, middle fibers
seventh cervical vertebra, clavicle, middle and C3 and 4 pull the scapula

lower fibers into the
acromion and the
spine ofthe scapula
Floor ofthe bicipital
groove ofthe

thoracic vertebrae, lower humerus medially rotates the
three or four ribs, inferior arm
angle ofthe scapula
Levator scapulae Transverse process ofthe first ~ Medial border ofthe
four cervical vertebrae scapula C3 and 4 and dorsal Raises the medial border
Rhomboid minor  Ligamentum nuchae and Medial border ofthe scapular nerve ofthe scapula
spines of the seventh scapula Dorsal scapular nerve Raises the medial border
cervical vertebra and the ofthe scapula upward
first thoracic vertebra and medially
Rhomboid major  Second to fifth thoracic Medial border ofthe
spines scapula Dorsal scapular nerve Raises the medial border

medially, lower fibers
pull downward the
medial border ofthe
scapula

Thoracodorsal nerve Extends, adducts, and

ofthe scapula upward
and medially
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Table 4-2

Muscle

Muscles Connecting the Upper Limb to the Thoracic Wall

Origin

Insertion

Nerve Supply

Action

Pectoralis major

Pectoralis minor

Subclavius

Serratus anterior

Clavicle, sternum, and the
upper six costal
cartilages

Third, fourth, and fifth ribs

First costal cartilage

Upper eight ribs

Lateral lip ofthe bicipital
groove ofthe humerus

Coracoid process of the
scapula

Clavicle

Medial border and inferior
angle ofthe scapula

Medial and lateral pectoral
nerves from the brachial
plexus

Medial pectoral nerve from
the brachial plexus

Nerve to the subclavius
from the upper trunk of
the brachial plexus

Adducts the arm and
rotates it medially;
clavicular fibers
also flex the arm

Depresses the point of
the shoulder; if the
scapula is fixed, it
elevates the ribs of
origin

Depresses the clavicle
and steadies this

Long thoracic nerve

bone during
movements of the
shoulder girdle

Draws the scapula
forward around the
chest wall; rotates
the scapula

’

Table 4-3 Muscles Connecting the Scapula to the Humerus

Muscle Origin Insertion Nerve Supply Action

Deltoid Lateral third of'the Middle ofthe lateral Axillary nerve Abducts the arm; anterior
clavicle, the acromion surface ofthe shaft ofthe fibers flex and medially
and the spine ofthe humerus rotate the arm, posterior
scapula fibers extend and laterally

rotate the arm

Supraspinatus Supraspinous fossa ofthe = Greater tuberosity of the Suprascapular nerve  Abducts the arm and

scapula humerus; capsule ofthe stabilizes the shoulder
shoulder joint joint
Infraspinatus Infraspinous fossa ofthe Greater tuberosity of the Suprascapular nerve  Laterally rotates the arm and

Teres major

Teres minor

Subscapularis

scapula

Lower third ofthe lateral
border ofthe scapula

Upper two thirds of'the
lateral border of'the
scapula

Subscapular fossa

humerus; capsule ofthe
shoulder joint

Medial lip of'the bicipital
groove ofthe humerus

Greater tuberosity of the
humerus; capsule ofthe
shoulder joint

Lesser tuberosity of the
humerus

Lower subscapular
nerve

Axillary nerve
Upper and lower

subscapular
nerves

stabilizes the shoulder
joint

Medially rotates and adducts
the arm and stabilizes the
shoulder joint

Laterally rotates the arm and
stabilizes the shoulder
joint

Medially rotates the arm and
stabilizes the shoulder
joint
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coracoclavicular ligament

pectora