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The Abdomen: Part |
The Abdominal Wall

26-year-old man complaining of a painful swelling in the right groin was

seen by his physician; he had vomited four times in the previous 3 hours.

On examination, he was dehydrated and his abdomen was moderately dis-
tended. A large, tense swelling, which was very tender on palpation, was seen in the
left groin and extended down into the scrotum. An attempt to gently push the contents
of the swelling back into the abdomen was impossible. A diagnosis of a right com-
plete, irreducible, indirect inguinal hernia was made. The vomiting and abdominal dis-
tension were secongdary to the intestinal obstruction caused by the herniation of some
bowel loops into the hernial sac.

An indirect inguinal hernia is caused by a congenital persistence of a sac formed
from the lining of the abdomen. This sac has a narrow neck, and its cavity remains in
free communication with the abdominal cavity. Hernias of the abdominal wall are
common. It is necessary to know the anatomy of the abdomen in the region of the
groin before one can make a diagnosis or understand the different hernial types that
can exist. Moreover, without this knowledge it is impossible to appreciate the compli-
cations that can occur or to plan treatment. A hernia may start as a simple swelling,
but it can end as a life-threatening problem.
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CHAPTER OBJECTIVE

Acute abdominal pain, abdominal swellings, and
blunt and penetrating trauma to the abdominal wall are
common problems facing the physician. The problems
are complicated by the %act that the abdomen contains
multiple organ systems, and knowing the spatial relati-
onships of these organs to one another and to the anterior
abdominal wall is essential before an accurate and com-
plete diagnosis can be made.

The abdominal wall is a flexible structure through
which the physician can often feel diseased organs that
lie within the abdominal cavity. An intact abdominal
wall is essential for the support of the abdominal cont-
ents. A defect or malfunction of the wall can allow the
abdominal contents to bulge forward and form a hernia.
The abdominal wall provides the surgeon with a site for
access to deep-lying diseased structures.

For the above reasons, the anatomy of the anterior
abdominal wall must be learned in detail.

Because of its great clinical importance, examiners
ask many questions in this area.

BASIC ANATOMY

The abdomen can be defined as the region of the trunk that
lies between the diaphragm above and the inlet of the pelvis
below.

Structure of the Abdominal Walls

Superiorly, the abdominal wall is formed by the diaphragm,
which separates the abdominal cavity from the thoracic cav-
ity. For a description of the diaphragm, see chap 2:

Inferiorly, the abdominal cavity is continuous with the
pelvic cavity through the pelvic inlet. (See p.209)

Anteriorly, the abdominal wall is formed above by the
lower part of the thoracic cage and below by the rectus ab-
dominis, external oblique, internal oblique, and transversus
abdominis muscles and fasciae.

Posteriorly the abdominal wall is formed in the midline
by the five lumbar vertebrae and their intervertebral discs;
laterally it is formed by the twelfth rib, the upper part of the
bony pelvis, the psoas muscles, the quadratus lumborum
muscles, and the aponeuroses of origin of the transversus
abdominis muscles. The iliacus muscles lie in the upper part
of the bony pelvis.

The abdominal walls are lined by a fascial envelope and
the parietal peritoneum.

STRUCTURE OF THE ANTERIOR ABDOMINAL WALL

The anterior abdominal wall is made up of skin, superficial
fascia, deep fascia, muscles, extraperitoneal fascia, and
parietal peritoneum.

Skin

The natural lines of cleavage in the skin are constant and
run almost horizontally around the trunk. This is important
clinically because an incision along a cleavage line will heal
as a narrow scar, whereas one that crosses the lines will heal
as a wide or heaped-up scar. (For details, see ch 1)
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Figure 4-1 Segmental innervation of the anterior abdominal wall (left) and arterial supply to the

anterior abdominal wall (right).
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Nerve Supply

The cutaneous nerve supply to the anterior abdominal wall
is derived from the anterior rami of the lower six thoracic
and first lumbar nerves (Fig. 4-1). The thoracic nerves are
the lower five intercostal and the subcostal nerves, and the
first lumbar nerve is represented by the iliohypogastric and
ilioinguinal nerves, branches of the lumbar plexus. The der-
.( matome of T7 is located in the epigastrium over the xiphoid
process; that of T10 includes the umbilicus; and that of L1
lies just above the inguinal ligament and the symphysis pu-
bis. For the dermatomes of the anterior abdominal wall, see
> Fig. 4-2.

I
Blood Supply

b The skin near the midline is supplied by branches of the su-
¢ perior epigastric artery (a branch of the internal thoracic
; artery) and the inferior epigastzic artery (a branch of the ex-
ternal iliac artery). The skin of the flanks is supplied by
' branches from the intercostal, lumbar, and deep circumflex
~ iliac arteries (Fig. 4-1).
<4 The venous blood is collected into a network of veins
i that radiate from the umbilicus (Fig. 4-3). The network is
’Ldmined above into the axillary vein via the lateral thoracic
vein and below into the femoral vein via the superficial epi-
#* gastric and great saphenous veins. A few small veins, the pa-
» fumbilical veins, connect the network through the um-
4 bilicus and along the ligamentum teres to the portal vein.
. 'hey form a clinically important portal-systemic venous
astomosis.
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Figure 42 Dermatomes and distribution of cutaneous nerves on the anterior abdomin:
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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 super-
ficial inguinal nodes.

Superficial Fascia

The superficial fascia can be divided into a superficial fatty
layer (fascia of Camper) and a deep membranous layer
(Scarpa’s fascia) (Fig. 44). The fatty layer is continuous
with the superficial fat over the rest of the body and may be
extremely thick (3 inches [8 cm] or more in obese patients).
The membranous layer is thin and fades out laterally and
above, where it becomes continuous with the superficial
fascia of the back and the thorax, respectively. Inferiorly, the
membranous layer passes onto the front of the thigh, where
it fuses with the deep fascia 1 fingersbreadth below the in-
guinal ligament. In the midline inferiorly, the membranous
layer of fascia is not attached to the pubis but forms a tubu-
lar sheath for the penis (or clitoris). Below in the perineum,
it enters the wall of the scrotum (or labia majora). From
there it passes to be attached on each side to the margins of
the pubic arch; it is here referred to as Colle’s fascia.
Posteriorly it fuses with the perineal body and the posterior
margin of the perineal membrane (Fig. 44).
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4-3 Superficial veins of the anterior ab-
dominal wall. _On t!w left are anastomoses be-

n systemic veins and the portal vein via pa-
raumbilical veins. Arrows indicate the direction
taken by venous blo_od w{hen the portal vein is
obstructed. On the right is an enlarged anasto.
mosis between the lateral thoracic vein ang the
,uperﬁc“‘ ep,gastr!c vein. This occurs if either
the superior or the interior vena cava is obstructed

i) A A L1 Sl S50, 1(3.4) ey
51 08 A 239 el S G ) pliy g
‘iw',,;-,-w.\l.twluq”—‘n»;: Bl Gila
3280 G BAU Cpad ey (Gl 5 daid e
Jiay adaia abad) A guu 20 S0 (e gl 6 juay
(D isa) 380 Saud dgas dla 3 sy
wgsiad

Superficial epigastric vein
1

lateral thoracic vein

lumbar veins
ahadll 55,4

IS G 3 Ay,
portal vein in porta hepatis

&l i 33,80
paraumbilical veins

varicosed vein
dl 45

@ Qa2

In the scrotum the fatty layer of the superficial fascia is
represented as a thin layer of smooth muscle, the dartos
muscle. The membranous layer of the superficial fascia per-
sists as a separate layer.

Deep Fascia

The deep fascia in the anterior abdominal wall is merely a
thin layer of connective tissue covering the muscles; it lies
immediately deep to the membranous layer of superficial
fascia.

Muscles of the Anterior Abdominal Wall

The muscles of the anterior abdominal wall consist of three
broad thin sheets that are aponeurotic in front; from exte-
tior to interior they are the external oblique, internal
oblique, and transversus (Fig. 4-5). On either side of the
midline anteriorly is, in addition, a wide vertical muscle,
lhe rectus abdominis (Fig. 4-7). As the aponeuroses of the
ﬂ)ree sheets pass forward, they enclose the rectus abdomi-
s to form the rectus sheath. The lower part of the rectu§
:;;ath might contain a small muscle called the pyrami-
is.

The cremaster muscle, which is derived from the lower
ofthe internal oblique, passes inferiorly as a covering
the spermatic cord and enters the scrotum.

External Objigue

The externa] oblique muscle is a broad, thin, muscular

Tibs at arises from the outer surfaces of the lower eight

and fans out to be inserted into the xiphoid process, the

€a alba, the pubic crest, the pubic tubercle, and thean

I half of the iliac crest (Fig. 4-5). Most of the i

¥ means of a broad aponeurosis. Note that the

Posterior fibers passing down to the iliac crest form a
€1or free border.
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Figure 4-4 Arrangement of the fatty layer and the membranous layer of the superficial fascia in
the lower part of the anterior abdominal wall. Note the line of fusion between the membranous
layer and the deep fascia of the thigh (fascia lata). In the lower diagram, note the attachment of
the membranous layer to the posterior margin of the perineal membrane. Arrows indicate paths
taken by urine in cases of ruptured urethra.
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A triangularshaped defect in the external oblique
aponeurosis lies immediately above and medial to the pu-

bic tubercle. This is known as the superficial inguinal
ring (Figs. 4-5, 4-7, and 4-13). The spermatic cord (or round
ligament of the uterus) passes through this opening and
carries the external spermatic fascia (or the external cov-
ering of the round ligament of the uterus) from the margins
of the ring (Figs. 4-17 and 4-18).

Between the anterosuperior iliac spine and the pubic tu-
bercle, the lower border of the aponeurosis is folded back-
ward on itself, forming the inguinal ligament (Figs. 4-5 and
4-6). From the medial end of the ligament, the lacunar lig-
ament extends backward and upward to the pectineal line
on the superior ramus of the pubis (Fig. 4-6). Its sharp, free
crescentic edge forms the medial margin of the femoral
ring. (See ch 10) On reaching the pectineal line, the lacu-
nar ligament becomes continuous with a thickening of the
periosteum called the pectineal ligament (Fig. 4-6).
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Fi 4-5 External oblique, internal oblique, and transversus muscles of the anterior abdominal wall.
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Figure 4-6 Bony pelvis viewed from above. Note attachments of the inguinal, lacunar, and

pectineal ligaments.
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The lateral part of the posterior edge of the inguinal lig-
ament gives origin to part of the internal oblique and
transversus abdominis muscles. To the inferior rounded
border of the inguinal ligament is attached the deep fascia
of the thigh, the fascia lata (Fig. 4-4).

Internal Oblique

The internal oblique muscle is also a broad, thin, muscular
sheet that lies deep to the external oblique; most of its fibers
run at right angles to those of the external oblique (Fig. 4-5).
It arises from the lumbar fascia, the anterior two-thirds of the
iliac crest, and the lateral two-thirds of the inguinal liga-
ment. The muscle fibers radiate as they pass upward and for-
ward. The muscle is inserted into the lower borders of the
lower three ribs and their costal cartilages, the xiphoid pro-
cess, the linea alba, and the symphysis pubis. The internal
oblique has a lower free border that arches over the sper-
matic cord (or round ligament of the uterus) and then de-
scends behind it to be attached to the pubic crest and the
pectineal line. Near their insertion, the lowest tendinous
fibers are joined by similar fibers from the transversus abdo-
minis to form the conjoint tendon (Figs. 49 and 4-13). The
conjoint tendon is attached medially to the linea alba, but it
has a lateral free border.
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L e e e R S O b R L - T o
AS un er U % of the muscle fibers that are called the cre-

oSy it 0 (Figs. 49 and 4-13). The cremasteric
wi e (Fig | -
fi - used to describe the cremaster muscle and its
jsthe
2
st i
m,,svﬂ muscle is a thin §heg( of muscle that lies
e "’":;:m(ema' oblique, and its fibers run horizontally
t0

.5). It arises from the deep surface of

deeP. ol (rg)s fal)ca rtilages (interdigitating with the 'L‘f.

‘ ower 5% he lumbar fascia, the anterior two-thirds of the .
);nd the lateral third of the inguinal ligament. It js

~ac C'”".mo the xiphoid process, the linea alba, anqd the
) inserted | pubis. The lowest tendinous fibers join similar
symphysts the internal oblique to form the conjoint tendon
ﬁb?g: ‘sfixedtothe pubic crest and the pectineal line (Figsi
1;2:14;'::2 the posterior border of the external oblique
e, whereas the posterior borders of the interna]
e d transversus muscles are attached to the lumbar

e e by the lumbar fascia (Figs. 4-5 and 4-12).

Rectus Abdominis
rectus abdominis is a long strap muscle that extends
slong the whole lengt.h of the anterior abdominal wall. It s
| der above and lies clo§e to the midline, being sepa-
: n!ed from its fellow by the linea alba.
The rectus abdominis.muscl.e arises by two heads, from
the front of the symphysis pubis and from the pubic crest
(Figs. 46 and 48). It is inserted into the fifth, sixth, and sev-
enth costal cartilages and the xiphoid process (Fig. 4-7).
When it contracts, its lateral margin forms a curved ridge
Jhat can be palpated and often seen and is termed the linea
, (Figs. 4-7, 4-26, and 4-27). This extends from
the tip of the ninth costal cartilage to the pubic tubercle.
.~ The rectus abdominis muscle is divided into distinct seg-
ments by three transverse tendinous intersections: one at
he level of the xiphoid process, one at the level of the um-
ilicus, and one halfway between these two (Fig. 4-7). These
ntersections are strongly attached to the anterior wall of the
ectus sheath. (See below.)

The rectus abdominis is enclosed between the aponeu-
ses of the external oblique, internal oblique, and transver-
15, which form the rectus sheath.

yramidalis

SE

e pyramidalis muscle is often absent. It arises by its base
m the anterior surface of the pubis and is inserted into the
eaalba (Fig. 4-7). It lies in front of the lower part of the rec-
 abdominis.
ctus Sheath

e rectus sheath is a long fibrous sheath that encloses the
tus abdominis muscle and pyramidalis muscle (if pre-
) and contains the anterior rami of the lower six thoracic
ves and the superior and inferior epigastric vessels and
phvessels. It is formed mainly by the aponeuroses of the
flﬂleml abdominal muscles (Figs. 4-5, 4-7, and 4-8).

‘O ease of description the rectus sheath is considered at
e levels (Fig. 4-10).

\bove the costal margin the anterior wall is formed by

€ aponeurosis of the external oblique. The posterior
alls formed by the thoracic wall, that is, the fifth, sixth,
nd seventh costal cartilages and the intercostal spaces.
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Figure 4-7  Anterior view of the rectus abdominis muscle and the rectus sheath. On the left, the an-
terior wall of the sheath has been partly removed, revealing the rectus muscle with its tendinous
intersections. On the right, the posterior wall of the rectus sheath is shown. The edge of the arcu-
ate line is shown at the level of the anterior superior iliac spine.
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2. Between the costal margin and the level of the anterosu-
perior iliac spine, the aponeurosis of the internal oblique
splits to enclose the rectus muscle; the external oblique
aponeurosis is directed in front of the muscle, and the
transversus aponeurosis is directed behind the muscle.

3. Between the level of the anterosuperior iliac spine and
the pubis, the aponeuroses of all three muscles form the
anterior wall. The posterior wall is absent, and the rectus
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Figure 4-8 Rectus sheath in anterior view (A) and in sagittal section (B). Note arrangement of the

aponeuroses forming the rectus sheath.
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Function of the Anterior Abdominal Wall Muscles

The oblique muscles laterally flex and rotate the trunk (Fig.
4-11). The rectus abdominis flexes the trunk and stabilizes
the pelvis, and the pyramidalis keeps the linea alba taut dur-
ing the process.

The muscles of the anterior and lateral abdominal walls
assist the diaphragm during inspiration by relaxing as the
diaphragm descends so that the abdominal viscera can be
accommodated.

The muscles assist in the act of forced expiration that oc-
curs during coughing and sneezing by pulling down the ribs
and sternum. Their tone plays an important part in support-
ing and protecting the abdominal viscera. By contracting si-
multaneously with the diaphragm, with the glottis of the lar-
ynx closed, they increase the intra-abdominal pressure and
help in micturition, defecation, vomiting, and parturition.

Nerve Supply of Anterior Abdominal Wall Muscles

The oblique and transversus abdominis muscles are sup-
plied by the lower six thoracic nerves and the iliohypogas-
tric and ilioinguinal nerves (L1). The rectus muscle is sup-
plied by the lower six thoracic nerves (Figs. 4-1 and 4-12).
The pyramidalis is supplied by the twelfth thoracic nerve.

A summary of the muscles of the anterior abdominal wall,
their nerve supply, and their action is given in Table 4-1.

Fascia Transversalis

The fascia transversalis is a thin layer of fascia that lines the
transversus abdominis muscle and is continuous with a sim-
ilar layer lining the diaphragm and the iliacus muscle (Fig.
48). It is important to understand that the fascia transver-
salis, the diaphragmatic fascia, the iliacus fascia, and the
pelvic fascia form one continuous lining to the abdominal
and pelvic cavities.

The femoral sheath for the femoral vessels in the lower
limbs is formed from the fascia transversalis and the fascia il-
iaca that covers the iliacus muscle. (See p. 40 .)

Extraperitoneal Fat

The exlraperitoneal fat is a thin layer of connective tissue
that_contams a variable amount of fat and lies between the
fascia transversalis and the parietal peritoneum (Fig. 48).

Parietal Peritoneum

The walls 'o! the abdomen are lined with parietal peri-
tonet}xm (Flgl; 1—8). This is a thin serous membrane and is
continuous below with the parietal peritoneum lining the
pelvis. (See pp. 267and278)- 4

Nerve Supply

:The par!etal peritoneum lining the anterior abdominal wall
is supplied segmentally by intercostal and lumbar nerves,

hich i in (Fi
4vf] 213: also supply the overlying muscles and skin (Fig.
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Figure 4-10 Transverse sections of the rectus sheath seen at three levels. 1. Above the costal mar-
gin. 2. Between the costal margin and the level of the anterior superior iliac spine. 3. Below the
level of the anterior superior iliac spine and above the pubis.
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Table 4-1 Muscles of the Anterior Abdominal Wall
Name of Muscle Origin Insertion Nerve Supply Action
External oblique Lower eight ribs Xiphoid process, Lower six thoracic Supports abdominal contents;
linea alba, pubic nerves and compresses abdominal
crest, pubic iliohypogastric contents; assists in flexing and
tubercle, iliac and ilioinguinal rotation of trunk; assists in
crest nerves (L1) forced expiration, micturition,
defecation, parturition, and
vomiting
Internal oblique Lumbar fascia, iliac Lower three ribs Lower six thoracic As above
crest, lateral two- and costal nerves and ilio-
thirds of inguinal cartilages, hypogastric and
ligament xiphoid process, ilioinguinal
linea alba, nerves (L1)
symphysis pubis
Transversus Lower six costal Xiphoid process Lower six thoracic Compresses abdominal
cartilages, linea alba, nerves and ilio- contents
lumbar fascia, symphysis pubis hypogastric and
iliac crest, lateral ilioinguinal
third of inguinal nerves (L1)
ligament
Rectus abdominis Symphysis pubis Fifth, sixth, and Lower six thoracic Compresses abdominal
and pubic crest sevgnlh costal nerves contents and flexes vertebral
Cfmllages anc column; accessory muscle of
xiphoid process expiration
Pyramidalis (if Anterior surface of Linea alba Twelfth thoracic Tenses the linea alba
present) pubis nerve
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Nerves of the Anterior Abdominal Wall

nerves of the anterior abdominal wall are the anterior
of the lower six thoracic and the first lumbar nerves
(s 41,4-2,and 4-12): They pass forward in the interval be-
qween the internal oblique and transversus muscles. They
supply the skin of the anterior abdpmmal wall, the muscles

p. 12), and the par{e(al peritoneum. (Compare with
intercostal nerves, which run forward in the intercostal
ces between the internal intercostal and the innermost
intercostal muscles. Seecha2.) The lower six thoracic
perves then pierce the posterior wall of the rectus sheath to
ly the rectus muscle and the pyramidalis (T12 only).

:_uhzg {em’linate by piercing the anterior wall of the sheath

and supplying the skin. =

The first lumbar nerve has a similar course, but it does
not enter the rectus sheath (Figs. 4-1, 4-2, and 4-12). It is rep-
resented by the iliohypogastric nerve, which pierces the ex-
\ernal oblique aponeurosis above the superficial inguinal
ring, and by the ilioinguinal nerve, which emerges through
the ring. They end by supplying the skin just above the in-
guinal ligament and the symphysis pubis.

The
rami

the

Arteries of the Anterior Abdominal Wall

The superior epigastric artery, one of the terminal
branches of the internal thoracic artery, enters the upper part
of the rectus sheath between the sternal and costal origins of
the diaphragm (Fig. 4-1). It descends behind the rectus mus-
cle, supplying the upper central part of the anterior abdomi-
nal wall, and anastomoses with the inferior epigastric artery.
The inferior epigastric artery is a branch of the exter-
nal iliac artery just above the inguinal ligament. It runs up-
ward and medially along the medial side of the deep in-
guinal ring (Figs. 4-1, 4-13, and 4-17). It pierces the fascia
transversalis to enter the rectus sheath anterior to the arcu-
ate line (Fig. 4-8). It ascends behind the rectus muscle, sup-
plying the lower central part of the anterior abdominal wall,
and anastomoses with the superior epigastric artery.

The deep circumflex iliac artery is a branch of the ex-
ternal iliac artery just above the inguinal ligament (Fig. 4-1).
It runs upward and laterally toward the anterosuperior iliac
spine and then continues alongthe iliac crest. It supplies the
lower lateral part of the abdominal wall.

The lower two posterior intercostal arteries, branches
of the descending thoracic aorta, and the four lumbar ar-
teries, branches of the abdominal aorta, pass forward be-
tween the muscle layers and supply the lateral part of the ab-
dominal wall (Fig. 4-1).

Veins of the Anterior Abdominal Wall

The superficial veins are described on page 12. The supe-
fior epigastric, inferior epigastric, and deep circumflex iliac
veins follow the arteries of the same name and drain-into the
Internal thoracic and external iliac veins. The posterior in-
tercostal veins drain into the azygos veins, and the lumbar
Veins drain into the inferior vena cava.

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.

_evlwsels below this level drain downward into the super-
ficial inguinal nodes. The deep lymph vessels follow the ar-
‘EY}S and drain into the internal thoracic, external iliac, pos-
terior mediastinal, and para-aortic (lumbar) nodes.
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Figure 4-12 Cross section of the abdomen showing courses of the lower thoracic and first lumbar nerves.
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INGUINAL CANAL

The inguinal canal is an oblique passage through the lower
part of the anterior abdominal wall and is present in both
sexes. It allows structures to pass to and from the testis to the
abdomen in males. In females it permits the passage of the
round ligament of the uterus from the uterus to the labium
majus. In addition, it transmits the ilioinguinal nerve in both
sexes (Fig. 4-13).

The canal is about 1 1/2 inches (4 cm) long in the adult
and extends from the deep inguinal ring, a hole in the fascia
transversalis (see p4 3 ), downward and medially to the su-
perficial inguinal ring, a hole in the aponeurosis of the ex-
ternal oblique muscle (Figs. 4-13 and 4-17). It lies parallel to
and immediately above the inguinal ligament. In the new-
born child, the deep ring lies almost directly posterior to the
superficial ring so that the canal is considerably shorter at
this age. Later, as the result of growth, the deep ring moves
laterally.
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jnguinal ring,* an oval opening in the fasciz
We,salis- lies about 1/2 inch (1.3 cm) abovge the ingﬂsircurl
r_‘ﬂs\enl midway bewaeenAthe anterosuperior iliac spine
mamhe symPhYSis pupxs (Figs. 4-13 and 4-17). Related to it
md,'a"y. are the infeno_r_eplgas(ric vessels, which pass up-
edi from the external iliac vessels. The margins of the ring
v(orda {achment to the internal spermatic fascia (or the in-
| covering of the round ligament of the uterus).
wﬂ“e ,uperﬂclal lngu‘lnal ring* is a triangular-shaped
in the aponeurosis of the external oblique muscle
s immediately above and medial to the pubic tuber-
e - 4-13,4-17, and 4-18). The margins of the ring, some-
fines called the crura, give attachment to the external

‘ﬂmltic fascia.
Walls of the Inguinal Canal

anterior wall of the canal is formed along its entire
h by the aponeurosis of the external oblique muscle. It
- reinforced in its.lateltal third by the origin of the internal
alique from the inguinal ligament (Figs. 4-13 and 4-17).
This wall is therefore strongest where it lies opposite the
weakest part of the posterior wall, namely, the deep inguinal
nn_grhe posterior wall of the canal is formed along its en-
ire length by the fascia transversalis. It is reinforced in its
medial third by the conjoint tendon, the common tendon of
insertion of the internal oblique and transversus, which is at-
1ached to the pubic crest and pectineal line (Figs. 4-13 and
417). This wall is therefore strongest where it lies opposite
{he weakest part of the anterior wall, namely, the superficial
inguinal ring.

The inferior wall or floor of the canal is formed by the
rlled-under inferior edge of the aponeurosis of the external
oblique muscle, namely, the inguinal ligament and, at its
medial end, the lacunar ligament (Fig. 4-9).

The superior wall or roof of the canal is tormed by the
arching lowest fibers of the internal oblique and transversus
abdominis muscles (Fig. 4-9).

Function of the Inguinal Canal

The inguinal canal allows structures of the spermatic cord to
pass to and from the testis to the abdomen in the male.
(Normal spermatogenesis only takes place if the testis leaves
the abdominal cavity to enter a cooler environment in the
scrotum,) In the female the smaller canal permits the pas-
sage of the round ligament of the uterus from the uterus to
!l?e labium majus. In both sexes the canal also transmits the
ilioinguinal nerve. (See p. 25.)

Mechanics of the Inguinal Canal

The presence of the inguinal canal in the lower part of the

anterior abdominal wall in both sexes constitutes a poten-

tial weakness. It s interesting to consider how the design of

this canal attempts to lessen this weakness. :

1. Except in the newborn infant, the canal is an obhgl}e
passage with the weakest areas, namely, the superficial
and deep rings, lying some distance apart.

—

* A common fn ion for medical students is the inability to ob-
serve these rings as openings. One must ber that the internal
SPermatic fascia is attached to the of the deep inguinal ring
and the external sp ic fascia is attached to the ins of the

Superficial inguinal ring so that the edges of the rings cannot be ob-
Seved externally. Compare this t with the op for
the fingers seen inside a glove with the absence of openings for the
fingers when the glove is viewed from the outside.
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Figure 4-13 Inguinal canal showing arrangement of the external oblique muscie (1), internal
oblique muscle (2), transversus muscle (3), and fascia transversalis (4). Note that the anterior wall
of the canal is formed by the external oblique and the internal oblique and the posterior wall is
formed by the fascia transversalis and the conjoint tendon. Deep inguinal ring lies lateral to the in-

ferior epigastric artery.
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erior wall of the canal is reinforced by the fibers

ant S . > X
2. 1he ternal oblique muscle immediately in front of the

“ ofthein
des%:;grior wall of the canal is reinforced by the strong
¥ Thn‘cinl tendon immediately behind the superficial ring.
6‘; éoughing and straining, as in micturition, defecation,
* and parturition, the arching lowest fibers of the internal
agnque and transversus abdominis muscles contract,
ﬁattening out the arched roof so that it is lowered toward
the floor. The roof may actually compress the contents of
the canal against the floor so that the canal is virtually
closed (Fig. 4-14). A
5. When great s!ralm'n'g efforts may be necessary, as in defe-
" cation and parturition, the person naturally tends to as-
sume the squatting position; the hip joints are flexed, a_nd
the anterior surfaces of the thighs are brought up against
the anterior abdominal wall. By this means the lower part
of the anterior abdominal wall is protected by the thighs

(Fig. 419).

SPERMATIC CORD

The spermatic cord is a collection of structures that pass
through the inguinal canal to and from the testis (Fig. 4-15).
Jt is covered with three concentric layers of fascia derived
from the layers of the anterior abdominal wall (Figs. 4-17
and 4-18). It begins at the deep inguinal ring lateral to the in-
ferior epigastric artery and ends at the testis.

structures of the Spermatic Cord
are as follows: (1) vas deferens, (2) testicular a_mery.
g)etsticular veins (pampiniform plexus), (4) testicular
ph vessels, () autonomic nerves, (6) processus vagi-
nalis (remains of), (7) cremasteric artery, @) artery of the
vas deferens, and (9) genital branch of the genitofemoral
nerve, which supplies the cremaster muscle.

Vas Deferens

This is a cordlike structure (Figs. 4-15 and 4-18), that can be
palpated between finger and thumb in the upper part of the
scrotum. It is a thick-walled muscular duct that transports
spermatozoa from the epididymis to the urethra.

Testicular Artery

Abranch of the abdominal aorta (at the level of the second
lumbar vertebra), the testicular artery is long and slender
and descends on the posterior abdominal wall. It traverses
the inguinal canal and supplies the testis and the epididymis
(Fig. 4-15).

Testicular Veins

An extensive venous plexus, the pampiniform plexus,
leaves the posterior border of the testis (Fig. 4-15). As the
plexus ascends, it becomes reduced in size so that at about
the level of the deep inguinal ring, a single testicular vein is
formed. This runs up on the posterior abdominal wall and
dra.ms into the left renal vein on the left side and into the in-
ferior vena cava on the right side.

Lymph Vessels
The testicular lymph vessels ascend through the inguinal
¢anal and pass up over the posterior abdominal wall to

feach the lumbar (para-aortic) lymph-nodes on the side of
the aorta at the level of the first lumbar vertebra (Fig. 4-19).
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transversus

e 2 ey

abU Al internal oblique

Figure 414 Action of muscles on the inguin

muscles contract. Note also that the anterior

when one assumes the squatting position.
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Autonomic Nerves

Sympathetic fibers run with the testicular artery from the re-
nal or aortic sympathetic plexuses. Afferent sensory nerves
accompany the efferent sympathetic fibers.

Processus Vaginalis

The remains of the processus vaginalis are present within
the cord (see next column).

Other Structures

In addition to the structures described are (1) the small cre-
masteric artery, a branch of the inferior epigastric artery,
which supplies the cremasteric fascia (see the next section);
(2) the small artery to the vas deferens, a branch of the
inferior vesical artery; and (3) the genital branch of the
genitofemoral nerve, which supplies the cremaster mus-
cle (Fig. 4-15). (See p.153.)

Coverings of the Spermatic Cord (the Spermatic
Fasciae) and the Development of the Inguinal Canal

The coverings of the spermatic cord are three concentric
layers of fascia derived from the layers of the anterior ab-
dominal wall. Each covering is acquired as the processus
vaginalis descends into the scrotum through the layers of
the abdominal wall (Fig. 4-16).

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

conjoint tendon 0 5
superficial inguinal ring
adadl 2, aald)

%

320 5

B> conjoint tendon

al canal. Note that the canal is “obliterated” v«{hen
surface of the thigh protects the inguinal region
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g
nlu"“r]: spermatic fascia derived from the fascia
3 lnt:sveysalis and attached to the margins of the deep in-
[gf,'nal ring.
nderstand the coverings of the spermatic cord, one
ol ;considﬂ the development of the inguinal canal.
mus(?'fe the descent of the testis and the ovary from their
ol rigin high on the posterior abdominal wall (L1), a
si(e'of Oal diverticulum called the processus vaginalis is
pen(one(ﬁg 4-16). The processus vaginalis passes through
Wed s of the lower part of the anterior abdominal wall
1 e Ia)’e.t does sO, acquires a tubular covering from each
and. asl'mvew the fascia transversalis at the deep inguinal
Jayer: ':1 acquiresa tubular covering, the internal spermatic
jingan’ ig 417). As it passes through the lower part of the in-
fascia (;.lidue muscle, it takes with it some of its lowest fibers,
leﬂ}alof rm the cremaster muscle. The muscle fibers are
which ;ed in fascia, and thus the second tubular sheath is
e as the cremasteric fascia (Fig. 4-17). The processus
knowh under the arching fibers of the transversus
\ag'nal!,s,-s muscle and therefore does not acquire a covering
abdo‘l';]'ls abdominal layer. On reaching the aponeurosis of
extemal oblique, it evaginates this to form the superficial
' inal ring and acquires a third tubular fascial coat, the ex-
ingu! tic fascia (Figs. 4-17 and 4-18). It is in this
\ that the inguinal canal is formed in both sexes. (In
female the term “spermatic” fascia should be replaced by
leler Fing of the round ligament of the uterus.)
Meanwhile, band of mesenchyme, extending from the
¢ pole of the developing gonad through the inguinal
{o the labioscrotal swelling, has condensed to form
culum (Fig. 4-16).

Inthe male the testis descends throt}gh the pelvis and in-

inal canal during the seventh and eighth months of fetal
jife. The normal stimulus for the descent of the testis is
\tosterone, which is secreted by the fetal testes. The testis
ilows the gubernaculum and descends behind the peri-
wneum on the posterior abdominal wall. The testis then

behind the processus vaginalis and pulls down its
duct, blood vessels, nerves, and lymph vessels. The testis
ikes up its final position in the developing scrotum by the
end of the eighth month.

Because the testis and its accompanying vessels, ducts,
adso on follow the course previously taken by the proces-
wsvaginalis, they acquire the same three coverings as they
gss down the inguinal canal. Thus, the spermatic cord is
tiered by three concentric layers of fascia: the external
spermatic fascia, the cremasteric fascia, and the internal
fermatic fascia.

.:n thefemale the ovary descends into the pelvis following
sﬂbemaculu‘m (Fig. 4-16). The gubernaculum becomes

s tothe side of the developing uterus, and the gonad
jiasisy o no funherA.Thal part of the gubernaculum extend-
gl & lhme uterus into the developing labium majus per-
round ligament of the uterus. Thus, in the fe-

asthe
Il e ::":Of;’lqucturs that pass through the inguinal canal
Ul (6) anda dominal cavity are the round ligament of the
34 imoua few lymph vessels. The lymph vessels convey a
SR oy ntoflymph from the body of the uterus to the su-
i o B3l m“'m"gumal nodes,
oLyl TESTIS, AND EPIDIDYMIDES
.
.h&romm
o ofc[:n be considered as an outpouching of the
\lhe epidi: anterior abdominal wall. It contains the
L Ymides, and the lower ends of the sper-
(Figs. 415 and 4.17),
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Figure 4-15 Testis and epididymis, spermatic cord, and scrotum. Lower diagram shows the testis

and epididymis cut across in horizontal section.
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The wall of the scrotum has the following layers: (7) skin;
(2) superficial fascia, dartos muscle (smooth muscle) re-
placing fatty layer; (3) external spermatic fascia derived
from the external oblique; (4) cremasteric fascia derived
from the internal oblique; (5) internal spermatic fascia de-
rived from the fascia transversalis; and (6) tunica vaginalis.

The skin of the scrotum is thin, wrinkled, and pigmented
and forms a single pouch. A slightly raised ridge in the mid-
line indicates the line of fusion of the two lateral labioscro-
tal swellings. (In the female the swellings remain separate
and form the labia majora.)
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Figure 4-16  Origin, development, and fate of the processus vaginalis in the two sexes. Note the

5 descent of the testis into the scrotum and the descent of the ovary into the pelvis.
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L.‘hul The superficial fascia is continuous with the fatty and
Jodll :el"“blanous layers of the anterior abdominal wall; the fat
3 Owever: r}"Placed by smooth muscle called the dmog

i ; Nis is innervated by sympathetic nerve fibers an
:*_‘u “Tesponsible for the wrinklinsglgf the overlying skin. The
=) P cobfal'lous layer of the superficial fascia (often referred to
=T} lles' fascia) is continuous in front with the membra-
hy?’ of the anterior abdominal wall (Scarpa’s fascia),
f A behing it js attached to the perineal body and the pos-
ot tis "edge of the perineal membrane (Fig. 44). At the sides
wdl a"ac.l'!ed to the ischiopubic rami. Both layers of superfi-
4SCia contribute to a median partition that crosses the

M and separates the testes from each other.
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Figure 4-17 Continuity of the different layers of the anterior abdominal wall with coverings of
spermatic cord. In the lower diagram, skin and superficial fascia of the abdominal wall and scro-
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The spermatic fasciae lie beneath the superficial fascia
and are derived from the three layers of the anterior ab-
dominal wall on each side, as previously explained. The ex-
ternal spermatic fascia is derived from the aponeurosis of
the external oblique muscle; the cremasteric fascia is de-
rived from the internal oblique muscle; and, finally, the in-
ternal spermatic fascia is derived from the fascia transver-

salis. The cremaster muscle is supplied by the genital

branch of the genitofemoral nerve. (See p.153.)

The cremaster muscle can-be made to contract by
stroking the skin on the medial aspect of the thigh. This is
called the cremasteric reflex. The afferent fibers of this re-
flex arc travel in the femoral branch of the genitofemoral
nerve (L1 and 2), and the efferent motor nerve fibers travel
in the genital branch of the genitofemoral nerve. The func-
tion of the cremaster muscle is to raise the testis and the
scrotum upward for warmth and for protection against in-
jury. For testicular temperature and fertility, see p. 3 4.
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Twelith Pair of Ribs

The ribs are described on page 48. It should be noted that
the head has a single facet for articulation with the body of
the twelfth thoracic vertebra. The anterior end is pointed
and has a small costal cartilage, which is embedded in the
musc‘ulhature of the anterior abdominal wall. In many per-
sons it is so short that it fails to protrude beyond the lateral
border of the erector spinae muscle on the back.

The ilium, together with the ischium and pubis, forms the

hip bone (Fig. 4-23); they meet one another at the acetabu-

lum. The medial surface of the ilium is divided into two parts
by the arcuate line. Above this line is a concave surface
called the iliac fossa; below this line is a flattened surface
that is continuous with the medial surfaces of the pubis and
ischium. It should be'noted that the arcuate line of the ilium
forms the posterior part of the iliopectineal line, and the
pectineal line forms the anterior part of the iliopectineal
line. The iliopectineal line runs forward and demarcates the
false from the true pelvis. For further details on the structure
of the hip bone, see page 214 -

Muscles of the Posterior Abdominal Wall

Psoas Major

The psoas muscle* arises from the roots of the transverse
processes, the sides of the vertebral bodies, and the inter-
vertebral discs, from the twelfth thoracic to the fifth lumbar
vertebrae (Fig. 4-24). The fibers run downward and laterally
and leave the abdomen to enter the thigh by passing behind
the inguinal ligament. The muscle is inserted into the lesser
trochanter of the femur. The psoas is enclosed in a fibrous
sheath that is derived from the lumbar fascia. The sheath is
thickened above to form the medial arcuate ligament.

@ Nerve supply: This muscle is supplied by the lumbar
plexus.

@ Action: The psoas flexes the thigh at the hip joint on the
trunk; or if the thigh is fixed, it flexes the trunk on the
thigh, as in sitting up from a lying position.

Quadratus Lumborum

The quadratus lumborum is a flat, quadrilateral-shaped mus-
cle that lies alongside the vertebral column. It arises below
from the iliolumbar ligament, the adjoining part of the iliac
crest, and the tips of the transverse processes of the lower
lumbar vertebrae (Fig. 4-24). The fibers run upward and me-
dially and are inserted into the lower border of the twelfth
rib and the transverse processes of the upper four lumbar
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vertebrae. The anterior surface of the muscle is covered by
lumbar fascia, which is thickened above to form the lateral
arcuate ligament and below to form the iliolumbar liga-

ment.
@ Nerve supply: This muscle is supplied by the lumbar el § pially Cans 1 andl @
plexus. Al i) Llee oL ,..'.;’vil_:l\ oball aiss Sesifedle

@ Action: It fixes or depresses the twelfth rib during respi-
ration (seech3 ) and laterally flexes the vertebral column
to the same side.
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* The psoas minor is a small muscle with a long tendon that lies anterior
to the psoas major. It is unimportant and is absent in 40% of patients.

p—

Oladt jlas 1l Juadd)



-
ity 20 e

>

Fgure 621 Fifth lumbarvert

et 050 1 0
(AL Yl SN pasterior longhudinal igament

PPty

e anan 4 a0
b ot

e

s gent <452 45 50
e 5 ad

1) uckus pugoss — Mt tann <5 54

S s rosus s Mt 3. 5

vror gt lamert A1 1 5
Fawn 422
G igaments.

g A o o ) B D 39D 00 0 33 s g (24 523

T——— T

anerr s
i spe
g 2520
A
o ac
e

0,413, opudic e




e tansversus abdomini muscle s fully described on
e 2

snaped and
15 420 1t s o he

T e o by et
e b ofthe hmbas plers

o Achon: The iopeos ke he Tigh on he trurk 1 the
B gk e sk e

Qi Lyt Ut
2tk iy

o) D)

s ot spper 2 i 5 o o IS e
e b o8 d e QA4 234 Ay
< S

18 i i
W4,a[,4wwmuﬂ N

et e L gl A L 15 i 5 s

i o 181 0 S O 5 9,0

e part of e claphregm (Fi 429 also (s Luf (244 JS0y 81 m 1 b33 S

o b I wall. It s described on
gt e i
v o e .o
Tt
el Liin of e Abdomia Vol
S ro——

e o ol el B o D
as (258 K2y Py bt S i ot
T g g ik o ke B8 0 i
L e
PR

28030 oy 2 i ks ¢ 43 5 il o

i g gl G i ks il

a3yt bl Lilad) o5
G sius

ARSI
g e ke

T o e otk gy 1
s b o e oo 1 0l o 2 il
G cover o s e A
o s S (24) dpnd
) = o [ ]
8 g o 35 g | 508 | e b e | sl e 00 ey
W R 1y 5 il it | 5 ot e A
Dy e
e
A iy e 8 e g oz | | e | o i b | e
ot g s i
[ STy =) JUEAINE) RO [ET
i e




AU Ol diaphragm

12 bl rib 12

Ll am M alaal quadratus lumborum
(’w, 0‘-; A b 3 iliolumbar ligament

gt LU lacunar ligament

median arcyate ligament s . PR
il
s

medial arcyate ligament =

) lateral avcuateligamem o

transversus 1o u_li 3 asll

fliacus 2.6 44 i

Psoas adadll ala))

inguinal ligament (3,Y! LU

lesser trochanter of femur
dodll ol gaall ) yall

Figure 4-24 Muscles and bones forming the posterior abdominal wall,

(AR ) aad AUSkal pllinl) g cdliaal) :(24-4) SN

The abdominal blood and lymph vessels lie within this
iial lining, whereas the principal nerves lie outside the
scia. This fact is important in the understanding of the
imoral sheath (Fig. 4-25). This is simply a downward pro-
mgation of the fascial lining around the femoral vessels
adlymphatics, for about 1 1/2 inches (4 cm) into the thigh,
#hind the inguinal ligament. Because the femoral nerve
; )outside the fascial envelope, it has no sheath. (Seech
Incertain areas of the abdominal wall, the fascial lining
wrforms particularly important functions. Inferior to the
el of the anterosuperior iliac spines, the posterior wall of

ferectus sheath is devoid of muscular aponeuroses (Figs.
Hand 410) and is formed by the fascia transversalis and
#itoneum only. (See p. 18.)

Atthe midpoint between the anterior superior iliac spine
adthe symphysis pubis, the spermatic cord pierces the fas-
i transversalis to form the deep inguinal ring (Fig. 4-13).

the margins of the ring, the fascia is continued over ttlle
m” atubular sheath, the internal spermatic fascia (Fig.

P":ill:neal Lining of the Abdominal

Be walls of the abdomen are lined with parietal peri-

m. Thisis a thin serous membrane consisting of a layer

lium resting on connective tissue. It is continu-

ow with the parietal peritoneum lining the pelvis
Fe.425). For further details, see pages207 and2 78-
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Figure 4-25 Sagittal section of the abdomen showing arrangement of the fascial and peritoneal
linings of walls. The femoral sheath with its contained vessels is also shown. Note that the

femoral nerve is devoid of a fascial sheath.
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NERVE SUPPLY

The central part of the diaphragmatic peritoneum is sup-
plied by the phrenic nerves and the peripheral part is sup-
plied by the lower intercostal nerves. The peritoneum lining
the anterior and posterior abdominal walls is supplied seg-
mentally by intercostal and lumbar nerves, which also sup-
ply the overlying muscles and skin.
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RADIOGRAPHIC ANATOMY

ped n detail on page 158 Chapier 5
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Figure 4-27 Surface landmarks and regions of the anterior abdominal wall.
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Figure 4-28 Surface markings of the fundus of the gallbladder,
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spleen, and liver. In a young child,
pleen can be palpated. In a

thin adult, the lower margin of the normal liver may just be felt at the end of deep inspiration.
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RECTUS ABDOMINIS

The rectus abdominis muscles lie on either side of the linea
alba (Fig. 4-26) and run vertically in the abdominal wall;
they can be made prominent by asking the patient to raise
the shoulders while in the supine position without using the
arms.

Tendinous Intersections of the Rectus Abdominis

These are three in number and run across the rectus abdo-
minis muscle: in muscular individuals they can be palpated
as transverse depressions at the level of the tip of the xiphoid
process, at the umbilicus, and halfway between the two

(Fig. 4-26).
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-’ of the midline. The lesser curvature lies op 5 curved 1?:;

ioining the cardioesophageal junction and the pylorus.
10! ater curvature has an extremely variable positiérj};e
the umbilical region or below. n

DUODENGM (FIRST PART)

is lies on the transpyloric plane about 4 fin, ersbre.
l‘; vight of the midline. i

CECUM

The cecum i§ situated in tlje right lower quadrant, |t is oft
distended with gas and gives a resonant soung when p::
cussed. It can be palpated through the anterior abdominal
wall.

APPENDIX

The appendix lies in the right lower quadrant. The base of

the appendix is s_ituated one-third of the way up the line

joining the anterior superior iliac spine to the umbilicus'

(McBurney's point). The position of the free end of the ap-
ndix is variable.

ASCENDING COLON

The ascending colon extends upward from the cecum on
the lateral side of the right vertical line and disappears un-
der the right costal margin. It can be palpated through the
anterior abdominal wall.

TRANSVERSE COLON

The transverse colon extends across the abdomen, occupy-
ing the umbilical region. It arches downward with its con-
cavity directed upward. Because it has a mesentery, its po-
sition is variable.

DESCENDING COLON

The descending colon extends downward from the left
costal margin on the lateral side of the left vertical line. In
the left lower quadrant it curves medially and downward to
become continuous with the sigmoid colon. The descend-
ing colon has a smaller diameter than the ascending colon
and can be palpated through the anterior abdominal wall.

URINARY BLADDER AND PREGNANT UTERUS

The full bladder and pregnant uterus can be palpated
through the lower part of the anterior abdominal wall above
the symphysis pubis. (See p 235)-

AORTA

The aorta lies in the midline of the abdomen an.d bifurcat.es
below into the right and left common iliac artengs opposite
he fourth lumbar vertebra, that is, on the intercristal plane.
The pulsations of the aorta can be easily palpated througz
the upper part of the anterior abdominal wall just to the le
ofthe midline.

BXTERNAL ILIAC ARTERY

The pulsations of this artery can be felt as it passes under thel
Nguinal ligament to become continuous with the fe;n Ora-
itery. It can be located at a point halfway between the an
krior superior iliac spine and the symphysis pubis.
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Figure 4-29 A. Surface anatomy of the kidneys and ureters on the anterior abdominal wall. Note
the relationship of the hilum of each kidney to the transpyloric plane. B. Surface anatomy of the
kidneys on the posterior abdominal wall.
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-__CLINICAL NOTES

GENERAL APPEARANCES OF THE ABDOMINAL WALL

The normal abdominal wall is soft and pliable and un-
dergoes inward and outward excursion with respiration.
The contour is subject to considerable variation and de-

nds on the tone of its muscles and the amount of fat in the
subcutaneous tissue. Well-developed muscles or an abun-
dance of fat can prove to be a severe obstacle to the palpa-
tion of the abdominal viscera.

SKIN

The skin is loosely attached to the underlying structures
except at the umbilicus, where it is tethered to thg scar tis-

e. The lines of cleavage on the anterior abdom.ma} }Nall
::n‘downward and forward. If possible all surgical incisions
should be made in the lines qf cleayage where the bu'ndk_es
of collagen fibers in the dermis run in parallel rows; this will
give the best cosmetic result.

The lymph drainage of the skin of the anterior abdomi-
nal wall above the level of the umbilicus is upward to the an-
terior axillary (pectoral) group of nodes, which can be pal-
pated just beneath the lower border of the pectoralis major
muscle. Below the level of the umbilicus the lymph drains
downward and laterally to the superficial inguinal nodes
(Fig. 4-30). The lymph of the skin of the back above the level
of the iliac crests is drained upward to the posterior axillary
group of nodes palpated on the posterior wall of the axilla;
below the level of the iliac crests it is downward to the su-
perficial inguinal nodes (Fig. 4-30). Clinically, it is therefore
possible to find a swelling in the groin (an enlarged superfi-
cial inguinal node) caused by an infection or malignant tu-
mor of the skin of the buttock.

The superficial veins around the umbilicus and the pa-
raumbilical veins connecting them to the portal vein may
become grossly distended in cases of portal vein obstruc-
tion (Fig. 4-30). The distended subcutaneous veins radiate
out from the umbilicus, producing in severe cases the clini-
cal picture referred to as caput Medusae. If the superior or
inferior vena cava is obstructed, the venous blood causes
distension of the veins running from the anterior chest wall
lothe thigh. The lateral thoracic vein, a tributary of the axil-
lary vein, anastomoses with the superficial epigastric vein, a
ibutary of the great saphenous vein of the leg. In these cir-
tmstances a tortuous varicose vein may extend from the
illa to the lower abdomen (Fig. 4-3).

The nerves of the anterior abdominal wall supply the
sin, the muscles, and the parietal peritoneum. They are de-
iied from the anterior rami of the lower six thoracic nerves
ad the first lumbar nerves. (The skin of the back is supplied

the posterior rami of the same spinal nerves.) It is impor-
“itto remember that the seventh to the eleventh thoracic
Alterior rami are intercostal nerves and also supply the skin,
flercostal muscles, and parietal pleura of the thoracic wall.

Inflammation of the parietal peritoneum causes not only
&in in the overlying skin but also a reflex increase in tone

€ abdominal musculature in the same area. For exam-

" localized peritonitis in the right iliac region causes
4N in that region. Palpation of the abdominal wall ln_the
®tiliac region detects a reflex rigidity of the abdominal
Uscles compared with a softness of the abdominal mus-
s elsewhere,

.
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Figure 4-30 Lymph drainage of the skin of the anteri i i
il erior and posterior abdominal walls. The lower

of the liver,

ample of caput Medusae in a case of portal obstruction caused by cirrhosis
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Sometimes itis difficult for a physician to decide whether
the muscles of the anterior abdominal wall of a patient are
rigid because of underlying inflammation of the parietal
peritoneum or whether the patient is voluntarily contracting
the muscles because he or she resents being examined or
because the physician’s hand is cold. This problem is usu-
ally easily solved by asking the patient, who is lying supine
on the examination table, to rest the arms by the sides and
draw up the knees to flex the hip joints. It is practically im-
possible for a patient to keep the abdominal musculature
tensed when the thighs are flexed. Needless to say, the ex-
aminer's hand should be warm.
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men. Although 1t IS unilkely to cause ngidity of the
m,al"i"’ | muscles, it may cause confusion in making a di-
pd”mma]ess these anatomic facts are remembered.

g ‘f" | to remember the following:
ﬁ';[ s usefu

tomes over:
De:;iphoid process  T7
The lin‘lbilicu.f; TIO

The pubis

ANTERIOR ABDOMINAL NERVE BLOCK
Area of Anesthesia

in of the anterior abdominal wall. The nerves of
r and lateral abdominal walls are the anterior
enth through the twelfth thoracic nerves and
rve (ilioinguinal and iliohypogastric

anteyio

; of the seV!
;;mﬁ’s( Jumbar nel
mﬂﬁ)'

]ndications
Repair of lacerations of the anterior abdominal wall.

Procedure

The anterior ends of intercostal nerves T7 through T11 en-
erthe abdominal wall by passing posterior to the costal car-
(Fig. 4-31). An abdominal field block is most easily

:ed out along the lower border of the costal margin and
hen infiltrating the nerves as they emerge between the
xiphoid process and the tenth or eleventh rib along the
costal margin.

The ilioinguinal nerve passes forward in the inguinal
canal and emerges through the superficial inguinal ring. The
fiohypogastric nerve passes forward around the abdominal
wall and pierces the external oblique aponeurosis above
the superficial inguinal ring. The two nerves are easily
blocked by inserting the anesthetic needle 1 inch (2.5 cm)
above the anterior superior iliac spine on the spinoumbili-

cal line (Fig. 4-31).

UMBILICUS

The umbilicus is a consolidated scar representing the site
ofattachment of the umbilical cord in the fetus; it is situated
inthe linea alba. In the adult it often receives scant attention
inthe shower and is consequently a common site for infec-
lion. It possesses a variety of embryologic remains that can
give rise to clinical problems (Fig. 4-32).

Patent Urachus

The urachus is the remains of the allantois of the fetus
and nomally persists as a fibrous cord that runs from the
apex of the bladder to the umbilicus. Occasionally, the cav-
1ty of the allantois persists, and urine passes from the blad-
derthrough the umbilicus. In newborns it usually reveals it-
self when a congenital urethral obstruction is present. More
often, it remains undiscovered until old age, when enlarge-
ment of the prostate may obstruct the urethra (Fig. 4-32).
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Vitellointestinal Duct

The vitelline duct in the early embryo connects the de-
veloping gut to the yolk sac. Normally, as development pro-
ceeds, the duct is obliterated, severs its connection with the
small intestine, and disappears. Persistence of the vilel‘lom-
testinal duct can result in an umbilical fecal fistula (Fig. 4-
32). If the duct remains as a fibrous band, a loop of bowel
can become wrapped around it, causing intestinal obstruc-
tion (Fig. 4-32).

Meckel’s diverticulum is a congenital anomaly repre-
senting a persistent portion of the vitellointestinal duct. It oc-
curs in 2% of patients (Fig. 4-32), is located about? feet (61
cm) from the ileocolic junction, and is abouf 2 ln.ches €
cm) long. It can become ulcerated or cause intestinal ob-
struction.

Umbilical Vessel Catheterization

The umbilical cord at birth is a twisted, tortuous structure
that measures about 3/4 inch (2 cm) in diameter and about
20 inches (50 cm) long. The cord is surrounded by the fetal
membrane, amnion, and contains a connective tissue core,
called Wharton’s jelly. Embedded in this jelly are the re-
mains of the vitellointestinal duct and the allantois, and the
single umbilical vein and the two umbilical arteries (Fig. 4-
33). The vein is a larger thin-walled vessel and is located at
the 12-0'clock position when facing the umbilicus; the two
arteries, which lie adjacent to one another and are located
at the 4- and 8-o'clock positions when facing the umbilicus,
are smaller and thick walled.

At birth, the umbilical cord is ligatured, and the umbili-
cal vessels constrict and thrombose.

INDICATIONS FOR UMBILICAL ARTERY CATHETERIZATION
These are as follows:

. Administration of fluids or blood for resuscitation pur-

poses.

. Arterial blood gas and blood pressure monitoring. The
umbilical arteries may be cannulated most easily during
the first few hours after birth, but they may be cannulated
up to 6 days after delivery.

[

ANATOMY OF PROCEDURE

One of the small, thick-walled arteries is identified in the
Wharton’s jelly in the umbilical stump. Because the umbili-
cal arteries are branches of the internal iliac arteries in the
pelvis, the catheter is introduced and advanced slowly in
the direction of the feet. The catheter can be inserted for
about 7 cm in a premature infant and 12 cm in a full-term in-
fant. The course of the catheter can be confirmed on a ra-
diograph and is as follows: (7) umbilical artery (directed
downward into the pelvis), (2) internal iliac artery (acute
turn into this artery), and (3) common iliac artery and the
aorta.

ANATOMY OF.COMPLICATIONS
The following complications can occur:

—

. Catheter perforates arterial wall at a point where the
artery turns downward toward the pelvis at the anterior
abdominal wall.

2. Catheter enters the thin-walled wider umbilical vein in-

stead of the thick-walled smaller artery,

3. Catheter enters the thin-walled persistent urachus (urine

is returned into catheter).

4. Vasospasm of the umbilical and the iliac arteries causing

blanching of the leg.
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P S Figure 4-31 Anterior abdominal wall nerve blocks. A and B. T7 though T11 are blocked (X) as they
i olas) 1 emerge from beneath the costal margin. The iliohypogastric ilioinguinal nerves are blocked by in-

o serting the needle about 1 inch above the anterior superior iliac spine on the spinoumbilical line
U Ja .2 (X). Tr'le terminal branches of the genitofemoral nerve are blocked by inserting the needle through
52y 4l the skin just lateral to the public tubercle and infiltrating the subcutaneous tissue with anesthetic
a solution (X).
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structures present in the normal umbilicus
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Figure 4-32 Umbilicus, showing some
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5. Perforation of arteries distal to the umbilical artery, e.g.,
the iliac arteries or even the aorta.

Other complications include thrombosis, emboli, and in-
fection of the umbilical stump.

INDICATIONS FOR UMBILICAL VEIN CATHETERIZATION

These are as follows:

o

. Administration of fluids or blood for resuscitation pur-

L]

poses.
. Exchange transfusions; the umbilical vein may be can-
nulated up to 7 days after birth.

ANATOMY OF PROCEDURE

The umbilical vein is located in the cord stump at the 12-
o'clock position (Fig. 4-33), as described previously, and is
easily recognized because of its thin wall and large lumen.
The catheter is advanced gently and is directed toward the
head because the vein runs in the free margin of the falci-
form ligament to join the ductus venosus at the porta hep-
atis. The catheter may be advanced about 5 cm in a full-term
infant. The course of the catheter may be confirmed by ra-
diography and is as follows: (a) the umbilical vein, (b) the
ductus venosus, and (¢) the inferior vena cava (10 to 12
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Figure 4-33 Catheterization of the umbilical blood vessels. Arrangement of the single umbilical
vein and the two umbilical arteries in the umbilical cord and the paths taken by the catheter in the

umbilical vein and the umbilical artery.
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BUPERFICIAL FAsCIA

The membranous layer of the superficial fascia is im-
portant clinically because beneath it is a potential closed
space that does not open into the thigh but is continuous
with the superficial perineal pouch via the penis and scro-
tum. Rupture of the penile urethra may be followed by ex-
travasation 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 ex-
cluded from the thigh because of the attachment of the fas-
cia to the fascia lata (Fig. 44).

When closing abdominal wounds it is usual for a surgeon
to put in a continuous suture uniting the divided membra-
nous layer of superficial fascia. This strengthens the healing
wound, prevents stretching of the skin scar, and makes for a
more cosmetically acceptable result.

MuscCLES

Remember that the abdominal muscles contract and re-
lax with respiration, and the abdominal wall conforms to
the volume of the abdominal viscera. There is an ab-
dominothoracic rhythm. Normally, during inspiration,
when the sternum moves forward and the chest expands,
the anterior abdominal wall also moves forward. If, when
the chest expands, the anterior abdominal wall remains sta-
tionary or contracts inward, it is highly probable that the
parietal peritoneum is inflamed and has caused a reflex

contraction of the abdominal muscles.
The shape of the anterior abdominal wall depends on the
tone of its muscles. A middle-aged woman with poor ab-
dominal muscles who has had multiple pregnancies is often
incapable of supporting her abdominal viscera. The lower
part of the anterior abdominal wall protrudes forward, a
condition known as visceroptosis. This should not be con-
fused with an abdominal tumor such as an ovarian cyst or
with the excessive accumulation of fat in the fatty layer of

the superficial fascia.

ABDOMINAL STAB WOUNDS

Abdominal stab wounds may or may not penetrate the
parietal peritoneum and violate the peritoneal cavity and
consequently may or may not significantly damage the ab-
dominal viscera. The structures in the various layers through
which an abdominal stab wound penetrates depend on the
anatomic location.

Lateral to the rectus sheath are the following: (1) skin, (2)
fatty layer of superficial fascia, (3) membranous layer of su-
perficial fascia, (4) thin layer of deep fascia, (5) external
oblique muscle or aponeurosis, (6) internal oblique muscle
or aponeurosis, (7) transversus abdominis muscle or
aponeurosis, (8) fascia transversalis, (9) extraperitoneal con-
nective tissue (often fatty), and (70) parietal peritoneum.

Anterior to the rectus sheath are the following: (7) skin;
(2) fatty layer of superficial fascia; (3) membranous layer of
superficial fascia; (4) thin layer of deep fascia; (5) anterior
wall of rectus sheath; (6) rectus abdominis muscle, with
segmental nerves and epigastric vessels lying behind the
muscle; (7) posterior wall of rectus sheath; (8) fascia
transversalis; (9) extraperitoneal connective tissue (often
fatty); and (70) parietal peritoneum.

In the midline are the following: (7) skin, (2) fatty layer
of superficial fascia, (3) membranous layer of superficial
fascia, (4) thin layer of deep fascia, (5) fibrous linea alba,
(6) fascia transversalis, (7) extraperitoneal connective tis-
sue (often fatty), and (8) parietal peritoneum.

Auadawd| Adlall)
Ao g o Ry z,..io\sz,ah—h Bl 4_5\...1\ B o
w#“,uwuaul;w",lﬁcﬁu.\lm»u\;r)__,w
=i JAY 4 O 1y iy el 1o el Sl
o o ey Olamally il 1> (J ) w5 ans OF Ko
Tl 2 Ui N ol o (e Gt 6531 ) L
z_‘.um.pj\s:)lwww,,uyd,;\c;_‘uumy._ !
(A4 Sy R Bl e
3 jozams i ) P Ol el g A OGN e sl
o) oYl s O LgES F ‘;-J\ Tda ) Ll AL el Py
q&e:u‘;@utwq,u;,n Bl 34 g2y o M pled s
N3 st

O hast
R
J'*—*D‘J‘w"*‘"c_—‘g‘f-‘;)f-la Ll oadl Of S
“_;,u@h;,hsh,;dw.wuumﬁ,eq&&u
L o a8,y Lakie (b Sy Gt T e
NEAERRO P Lol 8ty LY ) e OB jall s
S o palii o il e Le Sl LY ) s
Ll e 5 0y Ll () Blinall 0,8 O o st 5

Al SVaall L

s Of 3] s aypie o ALY ol o (K iy
0555 (3dazs J g Dby Aiins By OMae Lot ol
gires a;\}i..J);;Ll),_;Ji.Zéh..llb;l.:a-ir;;‘_};\._.l\j-sﬁ\j};
of s (A sli ) S5 WU ods iy U s ALY el
515 0o o e ST e ) B 05 panta e Bl Y
) B Lt 22kl G (otl) s

sdabala Aot 7 ggell o5
g5y (N Joaiy sk Glial AUl adall ¢ 5 4 3 o0 %
Lt Y1 (6335 48 LU Lag a5 26 ¥ A5 f Glial) O e (10~
Gl (3 8330 M ) nb dazay M35 Y ol s S8 2l

Lt e A o bl a2 A A ol
k) (2) Al (1) 1 JUIST 05 Rl dad e 2 )
Lidall (4) de ol Bl 23LEN 2kl (3) L odandl BUL Zastd)
Wiard) (6) Lgliv of 5 Al W) Alianll (5) Aianl) DL o 225
Mgl of el Lo ae ol A Liand) (7) Agiliw of asbLl 2l
(B3Le ) BLidl gyl ol el (9) 2 el U (8)
(S du (10)

ikl (2) A (1) 1 IS 0,55 Auia ) dae o gL )
ikl (4) Aoda ) BUD 2L 2ada)) (3 Asdandl BUL Bar
land) (6) st i SUY ] (5) Baad B 2 as )
it a1 5 e 201 2 31 Bl olas$) o ) il
A VAU (8) Aaii i) ) (T) Al

SIS Blinall (10) (354 gy Gl g o L) e 9)
Taon ) il (2) L (1) 5 IS 0455 Caold) B (o
o B ) (4 el B AL 2l (B) ke B
A il S (6) - i) oY) et (S) e sl

S Glicall (B) . (b2le gams ) ksl ) Ll e (D

c—

1

Slasl sl :pal 3 Juadll




pdominal stab wound, washing out the peritoneal
saline solution (peritoneal lavage) can be used
e whether any damage to viscera or blood ves-

an?
iy Vi
determ”
:5 has occu ¥
MINAL GUNSHOT WOUND
nshot wounds are much more serious than stab
G:ds' jn most patients, the peritoneal cavity has been en-
:“;d ar"d significant visceral damage has ensued.

Thelength and direction of surgical incisions through the

-or abdominal wall to expose the underlying viscera
#18argely governed by the position and direction of the
e of the abdominal wall, the direction of the muscle
1% © | the arrangement of the aponeuroses forming the
ibeuzshea!h. Ideally, the incision should be made in the di-
ion of the lines of cleavage in the skin so that a hairline

s produced. The surgeon usually has to compromise,
ing the safety of the patient first and the cosmetic result

d.

sec,:::isions that necessitate the division of one of the main
ental nerves lying within the abdominal wall result in
lysis of part of the anterior abdominal musculature and
nt of the rectus abdominis. The consequent weak-
of the abdominal musculature causes an unsightly
pulging forward of the gbdominal wall and visceroptosis;

cases may require a surgical belt for support.

If the incision can be made in the line of the muscle
fbers or aponeurotic fibers as each layer is traversed, on
closing the incision the fibers fall back into position and
function normally.

Incisions through the rectus sheath are widely used pro-
yided that the rectus abdominis muscle and its nerve supply
are kept intact. On closure of the incisions, the anterior and

posterior walls of the sheath are sutured separately, and the
rectus muscle springs back into position between the suture
lines. The result is a very strong repair, with minimum inter-
ference with function.
The following incisions are commonly used:

|. Paramedian incision: This may be supraumbilical, for
exposure of the upper part of the abdominal cavity, or in-
fraumbilical, for the lower abdomen and pelvis. In ex-
tensive operations in which a large exposure is required,
the incision can run the full length of the rectus sheath.
The anterior wall of the rectus sheath is exposed and in-
cised about 1 inch (2.5 cm) from the midline. The medial
edge of the incision is dissected medially, freeing the an-
terior wall of the sheath from the tendinous intersections
of the rectus muscle. The rectus abdominis muscle is re-
tracted laterally with its nerve supply intact, and the pos-
terior wall of the sheath is exposed. The posterior wall is
then incised, together with the fascia transversalis and
the peritoneum. The wound is closed in layers.

L Pararectus incision: The anterior wall of the rectus
sheath is incised medially and parallel to the lateral mar-
8in of the rectus muscle. The rectus is freed and retracted
medially, exposing the segmental nerves entering its pos-
lerior surface. If the opening into the abdominal cavity is
10 be small, these nerves may be retracted upward and
downward. The posterior wall of the sheath is then in-
Cised, as in the paramedian incision. The great disadvan-
lage of this incision is that the opening is small, and any
longitudinal extension requires that one or more seg-
Mental nerves to the rectus abdominis be divided, with
fesultant postoperative rectus muscle weakness.
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3. Midline incision: This incision is made through the
linea alba. The fascia transversalis, the extraperitoneal
connective tissue, and the peritoneum are then incised.
It is easier to perform above the umbilicus because the
Iinfeg alba is wider in that region. It is a rapid method of
gaining entrance to the abdomen and has the obvious
advantage that it does not damage muscles or their nerve
and blood supplies. Midline incision has the additional
advantage that it may be converted into a T-shaped inci-
sion for greater exposure. The anterior and posterior
walls of the rectus sheath are then cut across transversely,
and the rectus muscle is retracted laterally.

4. Transrectus incision: The technique in the making and
closing of this incision is the same as that used in the
paramedian incision, except that the rectus abdominis
muscle is incised longitudinally and not retracted later-
ally from the midline. This incision has the great disad-
vantage of sectioning the nerve supply to that part of the
muscle that lies medial to the muscle incision.

5. Transverse incision: This can be made above or below
the umbilicus and can be small or so large that it extends
from flank to flank. It can be made through the rectus
sheath and the rectus abdominis muscles and through
the oblique and transversus abdominis muscles laterally.
It is rare to damage more than one segmental nerve so

that postoperative abdominal weakness is minimal. The
incision gives good exposure and is well tolerated by the

patient. Closure of the wound is made in layers. It is un-

necessary to suture the cut ends of the rectus muscles,
provided that the sheaths are carefully repaired.

6. Muscle splitting, or McBurney’s incision: This is
chiefly used for cecostomy and appendectomy. It gives a
limited exposure only, and should any doubt arise about
the diagnosis, an infraumbilical right paramedian inci-
sion should be used instead.

An oblique skin incision is made in the right iliac re-
gion about 2 inches (5 cm) above and medial to the an-
terior superior iliac spine. The external and internal
oblique and transversus muscles are incised or split in
the line of their fibers and retracted to expose the fascia
transversalis and the peritoneum. The latter are now in-
cised and the abdominal cavity is opened. The incision is
closed in layers, with no postoperative weakness.

7. Abdomincthoracic incision: This is used to expose the
lower end of the esophagus, as, for example, in esopha-
gogastric resection for carcinoma of this region. An up-
per oblique or paramedian abdominal incision is ex-
tended upward and laterally into the seventh, eighth, or
ninth intercostal space, the costal arch is transected, and
the diaphragm is incised. Wide exposure of the upper
abdomen and thorax is then obtained by the use of a rib-
spreading retractor.

On completion of the operation, the diaphragm is re-
paired with nonabsorbable sutures, the costal margin is re-
constructed, and the abdominal and thoracic wounds are
closed.

ABDOMINAL HERNIAE

A hemia is the protrusion of part of the abdominal con-
tents beyond the normal confines of the abdominal wall
(Fig. 4-34). It consists of three parts: the sac, the contents of
the sac, and the coverings of the sac. The hernial sac is a
pouch (diverticulum) of peritoneum and has a neck and a
body. The hernial contents may consist of any structure
found within the abdominal cavity and may vary from a
small piece of omentum to a large viscus such as the kidney.
The hernial coverings are formed from the layers of the ab-
dominal wall through which the hernial sac passes.
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sbdominal herniae are of the following common types:
|, Inguinal, which may be (a) indirect or () direct

oral
Sz milical, which may be (@) congenital or (b) acquired
Epigastric k o
5 Separation of the recti abdominis
é Incisional hernia _
7. Henia of the linea semilunaris (Spigelian hernia)
1' Lumbar hernia (Petit’s triangle hernia)
9 Internal hernia

Indirect Inguinal Hernia

Indirect inguinal hernia is the most common form of her
niaand is believed to be congenital in origin (Fig. 4-35). The
hemial sac is the remains of the processus vaginalis (an out-
pouching of peritoneum that in the fetus is responsible for
e formation of the inguinal canal [see p. 26]). It follows
lhat the sac enters the inguinal canal through the deep in-
ginal ring lateral to the inferior epigastric vessels (Fig.

#55). It may extend part of the way along the canal or the
il length, as far as the superficial inguinal ring. If the pro-
{essUs vaginalis has undergone no obliteration, then the
Mia is complete and extends through the superficial in-
fuinal ring down into the scrotum or labium majus. Under
liese circumstances the neck of the hernial sac lies at the
deep inguinal ring lateral to the inferior epigastric vessels,
ind the body of the sac resides in the inguinal canal and
sotum (or base of labium majus).
Anindirect inguinal hernia is about 20 times more com-
Ton in males than in females, and nearly one-third are bi-
eral. It is more common on the right (normally, the right
Pocessus vaginalis becomes obliterated after the left; the
ight testis descends later than the left). It is most common
Mehildren and young adults.
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Figure 4-34 Differenct parts of a hernia.
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3Ll peritoneum

neck of hernia =& 3+

\ inferior epigastric artery ) 3 Ol A
N extraperitoneal fat Sl g b= oMl
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25l Ryadi pubic tubercle
(stadl g LG il S hernial sac

remains of processus vaginalis

inferior epigastric artery
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conjoint tendon 48 2=y ;

Adal 2y ,Yi 2Lkl superficial inguinal ring

Figure 4-35 1. Indirect inguinal hernia. 2. Direct inguinal hernia. Note that the neck of the indirect
inguinal hernia lies lateral to the inferior epigastric artery, and the neck of the direct inguinal her-
nia lies medial to the inferior epigastric artery.
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irect Inguinal Hernia
D,' tinguinal hernia composes about 15% ofall ingqinal
D]'ecme sac of a direct hernia bulges directly anteriorly
mias: he posterior wall of the inguinal canal medial to
srough ¢ or epigastric vessels (Fig. 4-35). Because of the
the " < of the strong conjoint tendon (combined tendons
P'jﬁem';,n of the internal oblique and transversus muscles),
ohnsemia is usually nothing more than a generalized bulge,
i vefore, the neck of the hemial sac is wide,
aﬂd'.the, ingu'inal hernias are rare in women, and most are
'la?::': It is a disease of old men with weak abdominal
bil 2

mufé?e-m inguinal hernia can be summarized as follows:

It is common in old men with weak abdominal muscles
: and is rare in women. 3

The hernial sac bulges forward through the posterior wall
2 of the inguinal canal medial to the inferior epigastric

B kot thehemial sac s wide.,
: An inguinal hernia can be distinguished from a
oral hernia by the fact that the sac, as ithmerges
’a:,ugh the superficial inguinal ring, lies and
mgdtal to the pubic tubercle, whereas that of a
zmoral hernia lies below and lateral to the tubercle

m}'emoral Hernia

The hernial sac descends through the femoral canal
within the femoral sheath. The femoral sheath, which is fully
described on chap 10, is a protrusion of the fascial envelope
lining the abdominal walls and surrounds the femoral vessels
and lymphatics for about 1 inch (2.5 cm) below the inguinal
liggment (Fig. 4-37). The femoral artery, as it enters the
thigh below the inguinal ligament, occupies the lateral com-
partment of the sheath. The femoral vein, which lies on its
medial side and is separated from it by a fibrous septum, oc-
cupies the intermediate compartment. The lymph vessels,
which are separated from the vein by a fibrous septum, oc-
cupy the most medial compartment. The femoral canal, the
compartment for the lymphatics, occupies the medial part of
the sheath. It is about 1/2 inch (1.3 cm) long, and its upper
opening is referred to as the femoral ring. The femoral sep-
tum, which is a condensation of extraperitoneal tissue, plugs
the opening of the femoral ring.

A femoral hernia is more common in women than in
men (possibly because of a wider pelvisand femoral canal).
The hernial sac passes down the femoral canal, pushing the
lemoral septum before it. On escaping through the lower
elgd. it expands to form a swelling in the upper part of the
tigh deep to the deep fascia (Fig. 4-37). With further ex-
Pansion the hernial sac may turn upward to cross the ante-
o surface of the inguinal ligament.

The neck of the sac always lies below and lateral to the pu-

: (Fig. 4-36), which serves to distinguish it from
Minguinal hemia, The neck of the sac is narrow and lies at

femoral ring. The ring is related anteriorly to the inguinal

nent, posteriorly to the pectineal ligament and the pubis,
ially to the sharp free edge of the lacunar ligament, and
l}f!o the femoral vein. Because of the presence of these
fatomic structures, the neck of the sac is unable to expand.
& an abdominal viscus has passed through the neck into
i ofthe sac, it may be difficult to push it up and return
0 the abdominal cavity (irreducible hernia). Further-
&':&aﬂer straining or coughing, a piece of bowel may be
through the neck and its blood vessels may be com-
by the femoral ring, seriously impairing its blood sup-
y Strangulated hernia). A femoral hernia is a dangerous
fease and should always be treated surgically.
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BT Umbilical Herniae

Ll Mc:cwm umbilical hernia, or exomphalos (om-
" ele), is caused by a failure of part of the midgut to re-
: 0 the abdominal cavity from the extraembryonic
-5, “Mduring fetal life. For a diagram of the hernial sac and
onship to the umbilical cord, see Figure 4-38.
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Acquired infantile umbilical hernia is a small heml;i
that sometimes occurs in children and is caused by a W;g %
ness in the scar of the umbilicus in the linea alba (Fig. 4'. a)s
Most become ller and disapp without t
the abdominal cavity enlarges.

Acquired umbilteal heynia of adults s more cqﬂlecs:z’
referred to as a paraumbilical hernia. The hern}:a =
does not protrude through the umbilical scar, but t 20388)
the linea alba in the region of the umbilicus (Flg-d hané
Paraumbilical herniae gradually increase in size anb e
downward. The neck of the sac may be narrow, but e
body of the sac often contains coils of small and large in =
tine and omentum. Paraumbilical herniae are much mo
common in women than in men.

Epigastric Hernia

Epigastric hernia occurs through the .widest part 0; t::
linea alba, anywhere between the xiphoid process and t
umbilicus. The hernia is usually small and starts c_)ﬁ as :;
small protrusion of extraperitoneal fat between the hbersfol
the linea alba. During the following months or years the fal
is forced farther through the linea alba and eventually drags
behind it a small peritoneal sac. The body of‘the sac often
contains a small piece of greater omentum. It is common in
middle-aged manual workers.

Separation of the Recti Abdominis

Separation of the recti abdominis occurs in elderly mul-
tiparous women with weak abdominal muscles (Fig. 4-38).
In this condition, the aponeuroses forming the rectus sheath
become excessively stretched. When the patient copghs or
strains, the recti separate widely, and a large hernial sac,
containing abdominal viscera, bulges forward between the
medial margins of the recti. This can be corrected by wear-
ing a suitable abdominal belt.

Incisional Hernia

A postoperative incisional hernia is most likely to occur
in patients in whom it was necessary to cut one of the seg-
mental nerves supplying the muscles of the anterior ab-
dominal wall; postoperative wound infection with death
(necrosis) of the abdominal musculature is also a common
cause. The neck of the sac is usually large, and adhesion
and strangulation of its contents are rare complications. In
very obese individuals the extent of the abdominal wall
weakness is often difficult to assess.

Hernia of the Linea Semilunaris

(Spigelian Hernia)

This uncommon hernia occurs through the aponeurosis
of the transversus abdominis just lateral to the lateral edge
of the rectus sheath. It usually occurs just below the level of
the umbilicus. The neck of the sac is usually narrow so that
adhesion and strangulation of its contents are common
complications.

Lumbar Hernia

This rare hernia occurs through the lumbar triangle. The
lumbar triangle (Petit’s triangle) is a weak area in the pos-
terior part of the abdominal wall. It is bounded anteriorly by
the posterior margin of the external oblique muscle, poste-
riorly by the anterior border of the latissimus dorsi muscle,
and inferiorly by the iliac crest. The floor of the triangle is
formed by the internal oblique and the transversus abdomi-
nis muscles. The neck of the hernia is usually large, and the
incidence of strangulation low.,
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Jaternal Hernia
(Occasionally, a loop of intestine enters a peritoneal re-
e.g., the lesser sac or the duodenal recesses) and be-

Zomes strangulated at the edges of the recess, (See p 176)

ARACENTESIS OF THE ABDOMEN

paracentesis of the abdomen may be necessary to with-
aw excessive_ colle.cuons of peritoneal fluid, as in ascites
ondary to cirrhosis of the liver or malignant ascites sec-
ondary to advanced ovarian cancer. Under a local anes-
{hetic, 2 needle or catheter is Inserted through the anterior
‘bdominal wall. The underlying coils of intestine are not
aged because they are mobile and are pushed away by
pecannula. :

Jfthe cannula is inserted in the midline (Fig. 4-394), it will
through the following anatomic structures: (1) skin, (2)
rficial fascia, (3) deep fascia (very thin), () linea alba

virtually bloodlgss)._(S) fascia transversalis, (6) extraperi-
joneal connective tissue (fatty), and (7) parietal peri-
neum.

P |f the cannula is inserted in the flank (Fig. 4-39B) lateral
1o the inferior gpigastﬁc artery and above the de€p circum-
fexartery, it yvnll pass through the following: (7) skin, (2) su-
perficial fascia, (3) deep fascia (very thin), (4) aponeurosis
ormuscle of external o'bl.lque, (5) internal oblique muscle,
(6) transversus abdominis muscle, (7) fascia transversalis,
(8) extraperitoneal connective tissue (fatty), and (9) pari-
etal peritoneum.

Anatomy of Peri  Lavage

Peritoneal lavage is used to sample the intraperitoneal
space for evidence of damage to viscera and blood vessels.
tisgenerally employed as a diagnostic technique in certain
cases of blunt abdominal trauma. In nontrauma situations,
peritoneal lavage has been used to confirm the diagnosis of
acute pancreatitis and primary peritonitis, to correct hy-
pothermia, and to conduct dialysis.

The patient is placed in the supine position and the uri-
nary bladder is emptied by catheterization. In small children
the bladder is an abdominal organ (see p.2 35); in adults the
full bladder may rise out of the pelvis and reach as high as
the umbilicus (see p. 2 35). The stomach is emptied by a na-
sogastric tube because a distended stomach may extend to
lhe anterior abdominal wall. The skin is anesthetized and a
em vertical incision is made.

Midline Incision Technique

The following anatomic structures are penetrated, in or-
der, to reach the parietal peritoneum (Fig. 440): (1) skin,
[9)fatty layer of superficial fascia, (3) membranous layer of
Superficial fascia, (4) thin layer of deep fascia, (5) linea
iba, (6) fascia transversalis, (7) extraperitoneal fat, and (8)
farietal peritoneum.

Paraumbilical Incision Technique

The following anatomic structures are penetrated, in or-
1, to reach the parietal peritoneum (Fig. 440): (7) skin,
latty layer of superficial fascia, (3) membranous layer of
Werficial fascia, (4) thin layer of deep fascia, (5) anterior
of rectus sheath, (6) the rectus abdominis muscle is re-
ed, (7) posterior wall of the rectus sheath, (8) fascia
ersalis, (9) extraperitoneal fat, and (70) parietal peri-
Neum.
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the small blood vessels in the su-
b se bleeding into the peri-
ve result. These
nd deep

It is important that al
perficial fascia be secured becau. di
toneal cavity might produce a false-positive I¢
vessels are the terminal branches of the superficial a

epigastric arteries and veins.

Anatomy of the Complications of
Peritoneal Lavage
The following complications may occur:

1. In the midline technique the incision or troc ar may miss
the linea alba and enter the rectus sheath and traverse
the vascular rectus abdominis muscle and encounter
branches of the epigastric vessels. Bleeding from this
source could produce a false-positive result.

2. Perforation of the gut by the scalpel or trocar.
3. Perforation of the mesenteric blood vessels or vessels on
the posterior abdominal wall or pelvic walls.
4. Perforation of a full bladder.
5. Wound infection.

Endoscopic Surgery

Endoscopic surgery on the gallbladder, bile ducts, and
the appendix has become a common procedure. It involves
the passage of the endoscope into the peritoneal cavity
through small incisions in the anterior abdominal wall. The
anatomic structures traversed by the instruments are similar
to those enumerated previously in the section on peritoneal

lavage. Great care must be taken to preserve the integrity of
the segmental nerves as they course down from the costal
margin to supply the abdominal musculature.

The advantage of this surgical technique is that the
anatomic and physiologic features of the anterior abdomi-
nal wall are disrupted only minimally, and, consequently,
convalescence is brief. The great disadvantage is that the
surgical field is small and the surgeon is limited in the extent
of the operation.
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Figure 4-40 Peritoneal lavage. A. The two common sites used in this procedure; note the positions
of the superior and inferior epigastric arteries in the rectus sheath. B. Cross section of the anterior
abdominal wall in the midline; note the structures pierced by the catheter. C. Cross section of the
anterior abdominal wall just lateral to the umbilicus; note the structures pierced by the catheter.
The rectus muscle has been retracted laterally.
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LAESTIS
The testis develops high up on
wall, and in late fetal life it "descen
toneum, dragging its blood supply, nerve Sup
phatic drainage after it.
A varicocele is a condition in whic! e
pampiniform plexus are elongated and dilatated. Itisa c

mon disorder in adolescents and young adults, with ;“l‘r"i;
occurring on the left side. This is thought to bg bec‘ausvena
right testicular vein joins the low-pressure m'ferfor 7
cava, whereas the left vein joins the left reqal vein, in whlcof
the venous pressure is higher. Rarely, ma!lgnam dlseakihe
the left kidney extends along the renal vein and bloc %
exit of the testicular vein. A rapidly developing Iefyslded vah
iocele should therefore always lead one to examine the lel
kidney.

A malignant tumor of the testis spreads upward via the

i inal
the posterior abdomina
cli)s? behind the peri-
ply, and lym-

hich the veins of the

lymph vessels to the lumbar (para-aortic) lymph nodes at .

the level of the first lumbar vertebra. It is only later, vyhen the
tumor spreads locally to involve the tissues and skin of t!le
scrotum, that the superficial inguinal lymph nodes are in-
volved. y

The process of the descent of the testis is shown dia-
grammatically in Figure 4-16. The testis may be subject to the
following congenital anomalies:

1. Anterior inversion, in which the epididymis lies anteri-
orly and the testis and the tunica vaginalis lie posteriorly.

2. Polar inversion, in which the testis and epididymis are
completely inverted.

3. Imperfect descent (cryptorchidism): (a) Incomplete
descent (Fig. 441), in which the testis, although travel-
ing down its normal path, fails to reach the floor of the
scrotum. It may be found within the abdomen, within the
inguinal canal, at the superficial inguinal ring, or high up
in the scrotum. (b) Maldescent (Fig. 442), in which the
testis travels down an abnormal path and fails to reach
the scrotum. It may be found in the superficial fascia of
the anterior abdominal wall above the inguinal ligament,
in front of the pubis, in the perineum, or in the thigh.

Itis necessary for the testes to leave the abdominal cavity
because the temperature there retards the normal process of
spermatogenesis. If an incompletely descended testis is
brought down into the scrotum by surgery before puberty, it
will develop and function normally. A maldescended testis,
although often developing normally, is susceptible to trau-
matic injury and, for this reason, should be placed in the
scrotum. Many authorities believe that the incidence of tu-
mor formation is greater in testes that have not descended
into the scrotum.

The appendix of the testis and the appendix of the
epididymis are embryologic remnants found at the upper
poles of these organs that may become cystic. The appendix
of the testis is derived from the paramesonephric ducts, and
the appendix of the epididymis is a remnant of the
mesonephric tubules.

Torsion of the Testis

This condition is a rotation of the testis around the sper-
matic cord within the scrotum. It is often associated with an
excessively large tunica vaginalis. Torsion commonly oc-
curs in active young men and children and is accompanied
by severe pain. If not treated quickly, the testicular artery
may be occluded, followed by necrosis of the testis,

preal

3

R BT
% _A‘l;&.awh},wh,uwt)n&\du\gu%,bhs

ani Z__.)‘—U‘ L‘—"Jl; u‘lJl‘ -l Slinal) s aldy dis
y bl
o, o Jae b S o I Gy ™
il dzp oy M LS Skl ay S izl
IEAES of dizmy y ‘,—4_9‘ U G oY S o) Sud, oty
a5 Jad Ol ) le;,r.%!lg,@;»%),,di;
8 (5150 Syl W Gty ey
ey 2 6 550 JKy el sy bl g e
Qi el Az LB . 3} (5] """Jit\sm
$ -t Ly g e ey “5)_1§Jl Ly b =G, Uy
L ey O oy gl Bmy e (5 e 31 g3 23 Sy % aly,
- ) S o
T [ I STROTR
G e (}Hyn il el i)l Az Sy o
())—“ e L,_u;v_;,)__uo,;.h_ii;ﬁ_s&l uL’\fU ‘-'.3} ‘o“}ﬁ"ﬁ:‘qﬂl
i Y apialll il Ladkie Ol odlor y il dmel (o) \4..,,,
! 0,55 45 Ldadaots 2o J 5 e 16-4 (K2 o,
I 2 o3 s o i
o tLY A eds 3 g o 1l S Oy
Gl s A &2 55y skl
S s gy et a4y g S M)
S S
(41-4 JShy paiud Jy (@) 1(Ead! sl (@Bl g 3
A5 o) il ) (S g G et s,
G S o o g 43 LIy el s 2 e i)
il el (3 o doda ) Y1 2 (5 s e i) s
8 Jioll o Bl a5 43 (424 JS) Gl U501 (b)
DU o 5 Sy inall () o 3 Jisy 3o 2
G BT S Y1 DU G LS el ke el
sl @ 4 Ol
Gyl o ps OY ol O bt 135 Of pmasidd (55 100 o 0)
Ja ols dadt JI53h @ 135 L cadad) 0, S dadall sl Gt
gt S oy ) ez L g 15 Ll il ) s
o3 D L 0,K La s Of 25 ol J g ) s et U
Ay grdeall () gelor ) o o iy ) 1Y S T
Y 3 ST 0, ) Sy O cpd) e
a5
Rl G 5 e Ll Las 8 1 5011y gua) 80101 0)
O g SN 3285 (ann S Oloeaas By o geasll &_,.Uq)*“
Ll Ly 08010 0,5 Lty e el ) IS it 289
A ) 1 3,80 A

)\

il JUN £

&lﬁ‘o-‘d“)-sb“sj-.\l‘}g.ldf xrag.uo|));¢.U\;inh
P e s (K0, YY) oty o 58 Rt D e B
k«,...,.UU-.lU,\.,rgr]m '*“Hbﬂﬂww.yw?
el i o3 sy g (5 gkl Ol 40

@

Oladlylus spalyd Juaddl =

b



> 55
A
s bl
3,541y
Vs

5531
=)
s
55
| 45l

.(45

s of

the deep inguinal ring. 2. In the
part of scrotum.
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Biateral vasectomy is a simple operation performed to
stuce infertility. Under local anesthesia, a small incision
adein the upper part of the scrotal wall, and the vas def-
45 divided between ligatures. Spermatozoa may be
=entin the first few Postoperative ejaculations, but that is
Blyan emptying process. Now only the secretions of the
" vesicles and prostate constitute the seminal fluid,
“hean be ejaculated as before.

AOCESSUS VAGINALLS

me‘lormation of the processus vaginalis and its passage

lower part of the anterior abdominal wall with

mation of the inguinal canal in both sexes have been

elsewhere. (See p. 26.) Normally, the upper part

1S Obliterateq just before birth and the lower part re-
€ tunica vaginalis,

W €SSUS is subject to the following common con-

aNomaljes:

&.‘LPEISist Partially or in its entirety as a preformed
b 2€ fOr an indirect inguinal hernia (Fig. 443).
:fy_ Ome very much narrowed, but its lumen‘re
"'il:snm COMmunication with the abdominal cavity.
% €al flujq accumulates in it, forming a congenital
M € (Fig. 443).
4, PPer and lower ends of the processus may become
Tated, Ieaving a small intermediate cystic area re-
§ Oasan €ncysted hydrocele of the cord (Fig. 4-
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Figure 4-42 Four types of maldescent of the testis. 1. In the
superficial fascia of the anterior abdominal wall, above the
superficial inguinal ring. 2. At the root of the penis. 3. |

the perineum. 4. In the thigh.
gl Auadd) Jg3 day ) BLa) :(42-4) geay
Agabaud) ) ABaD 358 alaY) o) o) Ll Aty (1)

The tunica vaginalis is closely related to the front and
sides of the testis. It is therefore not surprising to find that in-
flammation of the testis can cause an accumulation of fluid
within the tunica vaginalis. This is referred to simply as a hy-
drocele (Fig. 444). Most hydroceles are idiopathic.

To remove excess fluid from the tunica vaginalis, a pro-
cedure termed tapping a hydrocele, a fine trocar and can-
nula are inserted through the scrotal skin (Fig. 444). The fol-
lowing anatomic structures are traversed by the cannula:
(1) skin, (2) dartos muscle and membranous layer of fascia
(Colles’ fascia), (3) external spermatic fascia, (4) cremas-
teric fascia, (5) internal spermatic fascia, and (6) parietal

layer of the tunica vaginalis.

PsoAs Fascia

The psoas fascia covers the anterior surface of the psoas
muscle and can influence the direction taken by a tubercu-
lous abscess. Tuberculous disease of the thoracolumbar re-
gion of the vertebral column results in the destruction of the
vertebral bodies, with possible extension of pus laterally un-
der the psoas fascia (Fig. 445). From there, the pus tracks
downward, following the course of the psoas muscle, and
appears as a swelling in the upper part of the thigh below the
inguinal ligament. It may be mistaken for a femoral hernia,
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Figure 4-44 The tunica vaginalis di ded with fluid (hyd le). The lower diagram shows vari-
ous anatomic layers traversed by a trocar and cannula when a hydrocele is tapped.
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Figure 4-45 Case of advanced tuberculous disea:

column. A psoas abscess is present rase of the thoracolumbar region of the vertebral
right inguinal ligament » and swellings occur in the right groin above and below the
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Clinical Problem Solving

3 histories and select the best an-
e ”"‘;“tz?,ﬁff?ifowms them.
;f'olhe uda.yeaf'°'d woman was seen in the
7 e depaﬂme"t complalr)lng of'a severe
- ency right shoulder and in her right side
" over [h;w the shoulder blade. She said that
i be erienced the pain on several occa-
nad Bxepand that when she ate fatty foods it
f‘,ba make the pain worse. Ultrasound
#0 :ated the presence of ga!lstones. Her
ﬂ"?(nst s diagnosed as choletithiasis, and
pﬂd“;:r,;,as attributed to gallstone colic.
Fla oms and signs displayed by this patient can
e 57";ined by the following facts_excepr:
e ndus of the gallbladder lies against the ante-
) T.heabdominal wall next to the tip of the right ninth
ilage.
e cn-aer:al geritoneum in this area is innervated by
tenth and eleventh intercostal nerves, which give
fseto referred pain in the tenth and eleventh der-
matomes on the side and back.
(4 The parietal peritoneum on the central part of the un-
gersurface of the diaphragm is supplied by the
nic nerve.
5. The sp;n%ss%%menéa(l:snerves within the phrenic
are C3, C4, an .
mne:;ain was referred to the shoulder along the supr-
aclavicular nerves (C3 and C4).

1n8-year-old boy was admitted to the hospital
sithatemperature of 101°F, a furred tongue, and

in in the right lower quadrant. On examina-
ion, the skin on the right lower quadrant was
gnder to the touch, and the abdominal muscles
were contracted and rigid. A diagnosis of acute
ypendicitis was made.

| The symptoms and signs displayed by this patient can

beexplained by the following facts except:

A An acutely inflamed appendix produces an inflam-
mation of the peritoneal coat covering it.

8 Should the inflammatory process spread, for exam-
ple, if the appendix should rupture, the parietal peri-
toneum would become involved.

C The parietal peritoneum, the abdominal muscles,
and the overlying skin are supplied by the same seg-
mental spinal nerves.

U.The segmental nerves supplying the right lower
Quadrant of the abdominal wall are T7, T8, and T9.

£ The pain in the right lower quadrant and the regional
Contraction of the abdominal muscles is an attempt
by the body to keep the inflamed appendix immo-
glel:so that the inflammatory process remains local-

L""’f“man engaged in demolishing a building
his balance and fell astride a girder on the
feve below. On examination, he was found to

Extensive swelling of his perineum, scro-

»and penis. He was unable to urinate nor-
.11 Passing only a few drops of blood-stained
,,."e' The lower part of the anterior abdominal
na Was also swollen, but his thighs were nor-
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3. The symptoms and signs displayed by this patient can
be explained by the following facts except:

A. The patient’s fall ruptured the urethra in the per-
ineum.

When the patient attempted to micturate, the urine

extravasated beneath the Colles' fascia.

The urine passed over the scrotum and penis under

the membranous layer of superficial fascia.

The urine passed upward beneath the membranous

layer of superficial fascia on the anterior abdominal

wall.

E. The urine could not extend posteriorly because of
the attachment of the Colles’ fascia to the tip of the
COCCyX.

F. The urine did not extend into the thigh because of
the attachment of the membranous layer of superfi-
cial fascia to the fascia lata, just below the inguinal
ligament.

S 0w

A 45-year-old woman was shopping in a liquor
store when an armed robbery took place. A
shoot-out occurred and a bullet ricocheted off
the wall and entered her left side. Fortunately,
the bullet did not enter the peritoneal cavity. One
year later, in addition to diminished skin sensa-
tion over the left lumbar region and umbilicus,
she noticed a bulging forward of the left side of
her anterior abdominal wall.

4. The symptoms and signs displayed by this patient can
be explained by the following except:

A. The bullet cut the ninth and tenth intercostal nerves
just below the costal margin on the left side.

B. The diminished skin sensation was caused by the
loss of the sensory nerve supply to the ninth and
tenth thoracic dermatomes.

C. Portions of the oblique, transversus, and rectus ab-
dominis muscles on the left side were paralyzed.

D. Atrophy of the pyramidalis muscle resulted in loss of
support to the abdominal viscera, which then sagged
forward.

A 9-week-old boy was admitted to the hospital
with a swelling in the right groin that extended
down into the upper part of the scrotum. When
he cried, the swelling enlarged. On careful pal-
pation it was possible to reduce the size of the
swelling, and this procedure was accompanied
by a gurgling noise.

5. The symptoms and signs displayed by this patient can
be explained by the following facts except:
A. The swelling was situated above and medial to the
pubic tubercle on the right side.
B. The child had a right indirect inguinal hernia.
C. Th¢ processus vaginalis in its upper part had failed to
become obliterated before birth.
D. The hernial sac in an indirect inguinal hernia
emerges from the superficial inguinal ring.
E. Thesuperficial inguinal ring lics above and medial to
the pubic tubercle.
F. The contents of the hernial sac consisted only of the
greater omentum.
A 75-year-old man with chronic bronchitis no-
ticed that a bulge was developing in his left
groin. On examination, an elongated swelling
was seen above the medial end of the left in-
guinal ligament. When the patient coughed the
swelling enlarged but did not descend into the
scrotum. The patient had weak abdominal mus-
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fhe symptoms and signs displayed by this pati
i ined by the following facts except: Py
uinal swelling was a direct inguinal hernia

use of the hernia was weak abdominal mus-

The ing
5 Theca
cles. 5
- The hemial sac was wide and in dir i
s : ; ect col -
sion with the peritoneal cavity. fhiciais
p. A rise in xn(ra-§bdominal pressure on coughi
caused the hernial swelling to expand. gilne
The swelling occurs lateral to the inferior epigastric
antery.
4 40-year-old woman noticed a painful swelling
inher left groin af‘ter helping her husband move
e heavy furniture. On examination, a small
ender swelling was noted in the right groin.

. The symptoms and signs displayed by this patient
" peexplained b\ the following facts except: § oy
A The excessive exertion caused a rise in intra-abdom-
inal pressure.
5. A hemial sac formed of parietal peritoneum was
forced downward.
¢ The peritoneum was forced through the right
femoral canal.
p. The patient had a rightsided femoral hernia.
£ The neck of a femoral hernial sac is situated below
and medial to the pubic tubercle.

A 55-year-old man was admitted to the hospital

m
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with a large hard, fixed, intra-abdominal mass.
On examination of the abdomen the mass was

L

situated on the transpyloric plane. The inguinal
lymph nodes were normal.
& The symptoms and signs displayed by this patient can

be explained by the following facts except:

A Radiologic examination of the stomach showed
nothing abnormal.

B. The right testicle was enlarged and was much harder
than normal.

C. A diagnosis of malignant disease of the right testis

was made.
D. The malignant tumor had metastasized to the lumbar
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lvmph nodes lying on the transpyloric plane on the
posterior abdominal wall, which is the normal lym-

phatic drainage of the testis.
E In malignant disease of the testis the superficial in-

guinal lymph nodes only become involved if the tu-
mor spreads to involve the scrotal skin.

F. The normal testis is tethered to the skin of the scro- 2 (S Olyne Baduo 2. oygiin A 25 000 b (yalo
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tum.
A 25-year-old man involved in purchasing drugs
was knifed in the abdomen in the left upper
quadrant. On examination in the emergency de-
partment, it was difficult to determine whether
the knife had penetrated into the peritoneal cav-
ity. It was decided to do a midline peritoneal
lavage below the umbilicus to see if there was
any free blood in the peritoneal cavity.

3. The following layers of tissue were penetrated by the tro-
car and cannula in order to enter the peritoneal cavity

except:

A. Skin.
B. Fatty and membranous layers of superficial fascia.

C. Rectus sheath and rectus abdominis muscle.
D. Deep fascia.

E. Fascia transversalis. p
F. Extraperitoneal tissue and parietal peritoneum.
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A 20-year-old football player was accidently
kicked on the left side of her chest. On returning
to the locker room she said she felt faint and col-
lapsed to the floor. On examination in the emer-
gency department, she was found to be in hypo-
volemic ~hock. She had tenderness and muscle
rigidity in the left upper quadrant of her ab-
domen. She also had extreme local tenderness
over her left tenth rib in the midaxillary line.

10. The symptoms and signs displayed by this patient can
be explained by the following facts except:

A. Radiology revealed a fractured left tenth rib.

B. The spleen was severely bruised and the blood was
initially confined to the spleen.

C. Later in the locker room the capsule of the spleen
gave way and the blood escaped into the peritoneal
cavity.

D. Blood does not irritate the parietal peritoneum.

E. Stimulation of the sensory nerves supplying the pari-
etal peritoneum was responsible for the extreme ten-
derness of the left upper quadrant of the abdomen.

F. The muscles forming the anterior abdominal wall in
that region were reflexly stimulated, producing mus-
cle rigidity.
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Answers to Clinical Problems

1. B.The parietal peritoneum in the region of the fundus of
the gallbladder is innervated by the eighth and ninth in-
tercostal nerves, which give rise to referred pain in the
eighth and ninth thoracic dermatomes on the side and
back.

2. D.The segmental nerves su pplying the right lower quad-
rant of the abdominal wall are T11, T12, and L1.

3. E.The urine could not extend posteriorly because of the
attachment of the Colles’ fascia to the posterior edge of
the perineal membrane.

4. D. The pyramidalis muscle (if present) is innervated by
the twelfth thoracic nerve.

5. F. The contents of this hernial sac included coils of
small intestine, which were responsible for the gurgling
noises that occurred as the hernia was reduced.

6. E. The swelling occurs medial to the inferior epigastric
arterv..

7. E. The neck of a femoral hernial sac is situated below
and lateral to the pubic tubercle,

8. F. The normal testis is freely mobile within the scrotum
and is not tethered to the subcutaneous tissue or skin.

9. C. The linea alba lies in the midline; the rectus sheath
lies lateral to the linea alba.

10. D. Blood is very irritating to the parietal peritoneum.
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0 listed below with tﬁe'rouiol:' on the
Y structy in which they are located. Each
b 2 ﬁ" ’:\“”'::;::'s';"‘“d once or more than once.
region
' :1\3.“ ,\pPe"dix
Tl ! i}&llbladder
o 2 m
ey et gexure
\{; b 3 colic fes quadrant
Q 4 ight uP pe nt
o A Loplower quadrant
& 3 : Right lower quadran
N B ) ﬁ None of the above
JL-\A response.
y best
&‘bi{h m::ollo‘”i" g structures form the walls of the inguinal
4 £ except the:
v B A neurosis of the external oblique muscle
. ntemal oblique muscle
") 0, Lacunar ligament.
i} " & ceia transversalis
B Fascia tral
g 4 i The following structures and events serve to

srengthen the walls of the inguinal canal except:

A The inguinal ligament is made tense by extending
thehipjoint. . ’

B. The contracting internal oblique muscle reinforces
the anterior wall of the canal in front of the weak
deep inguinal ring.

(. Thestrong conjoint tendon reinforces the posterior

€ wall of the canal behind the weak superficial in-

D guinal ring.

b D. Contraction of the arching fibers of the internal
oblique and transversus abdominis muscles lowers

kot the roof of the canal so that the canal is practically

i obliterated.

.14 3 E. After birth, as the result of growth, the deep in-

.15 guinal ring moves laterally away from the superfi-

016 cialring so that the canal becomes oblique and the

i two rings no longer lie opposite one another.

I. Inthe female, the inguinal canal contains the follow-
ingstructures except the:
A llioinguinal nerve
B, Remnant of the processus vaginalis
C. Round ligament of the uterus
D. Iferior epigastric artery
& Lymph vessels from the fundus of the uterus
the following statements concerning the spermatic
“rdare true excepy:
::l;xtends from the deep inguinal ring to the scro-

g' :: Contains the testicular artery. :
: nf Covered by five layers of spermatic fascia.
It c:::afns the pampiniform plexus. ;
% Al 10 lymph vessels that drain the testis.
€ following structures are present in the inguinal
l:i n the male except the:
 Geni Pematie fascia
st branch of the genitofemoral nerve
) Icular vessels

P eircumflex jliac art
Elhomguina] nerve EAnEy
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10. All the following statements concerning the conjoint
tendon are true except:

A. It is attached to the pubic crest and the pectineal
line.

B. Itis formed by the fusion of the aponeuroses of the
transversus abdominis and internal oblique mus-
cles.

C. Itis attached medially to the linea alba.

D. Itis continuous with the inguinal ligament.

E. It may bulge forward in a direct inguinal hernia.

11. All the following statements concerning an indirect in-
guinal hernia are true except:

A. Itis the most common form of abdominal hernia.

B. The neck of the hernial sac lies medial to the infe-
rior epigastric artery.

C. The sac is the remains of the processus vaginalis.

D. The hernial sac can extend into the scrotum.

E. At the superficial inguinal ring, the hernial sac lies
above and medial to the pubic tubercle.

12. To pass a needle into the cavity of the tunica vaginalis
in the scrotum, the following structures have to be
pierced except:

A. Skin

B. Dartos muscle and Colles’ fascia

C. Tunica albuginea

D. Internal spermatic fascia

E. Cremasteric fascia
13. The following statements are true about muscles form-

ing the posterior abdominal wall except:

A. The psoas major muscle has a fascial sheath that
extends down into the thigh as far as the lesser
trochanter of the femur.

The quadratus lumborum is covered anteriorly by

fascia that forms the lateral arcuate ligament.

The iliacus muscle is innervated by the femoral

nerve.

D. The transversus abdominis muscle does form part

of the posterior abdominal wall.

E. The diaphragm does not contribute to the muscu-
lature on the posterior abdominal wall.

0 w

Match the structures below with an appropriate listed
structure.

14. External spermatic fascia
15. Round ligament of the uterus
16. Cremasteric fascia
17. Internal spermatic fascia
18. Deep inguinal ring
A. Internal oblique
B. Fascia transversalis
C. Gubernaculum
D. External oblique
E. ivone of the above

Match the structures below with the appropriate group of lymph
nodes that drain the areas listed.

19. Testis
20. Skin of anterior abdominal wall below level of the um-
bilicus
21. Epididymis
22. Skin of scrotum
A. Anterior axillary lymph nodes
B. Para-aortic or lumbar lymph nodes
C. Superficial inguinal nodes
D. External iliac nodes
E. None of the above
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The Abdomen: Part II
The Abdominal Cavity

15-year-old boy complaining of pain in the lower right part of the anterior
abdominal wall was seen by a physician. On examination, he was found to
have a temperature of 101°F (38.3°C). He had a furred tongue and was ex-
tremely tender in the lower right quadrant. The abdominal muscles in that area were
found to be firm (rigid) on palpation and became more spastic when increased pres-
sure was applied (guarding). A diagnosis of acute appendicitis was made.
Inflammation of the appendix initially is a localized disease giving rise to pain that is
often referred to the umbilicus. Later, the inflammatory process spreads to involve the
peritoneum covering the appendix, producing a localized peritonitis. If the appendix
ruptures, further spread occurs and a more generalized peritonitis is produced.
Inflammation of the peritoneum lining the anterior abdominal wall (parietal peri-
toneum) causes pain and reflex spasm of the anterior abdominal muscles. This can be
explained by the fact that the parietal peritoneum, the abdominal muscles, and the
overlying skin are supplied by the same segmental nerves. This is a protective mecha-
nism to keep that area of the abdomen at rest so that the inflammatory process re-
mains localized.
The understanding of the symptoms and-signs of appendicitis depends on having a
working knowledge of the anatomy of the appendix, including its nerve supply, blood
supply, and relationships with other abdominal structures.
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The abdominal cavity contains many vital organs, inclu-
ding the gastrointestinal tract, liver, biliary ducts, pancreas,
spleen, and parts of the urinary system. These structures are
closely packed within the abdominal cavity, and therefore
disease of one can easily involve another. Gastrointestinal
tract inflammation and bleeding, malignant di , and pen-
etrating trauma to the abdomen are just some of the proble-
ms facing  the physician. Emergency problems involving the
urinary system are common and may present diverse sym-
ptoms ranging from excruciating pain to failure to void urine,

Within the abdomen also lie the aorta and its branches
the inferior vena cava and its tributaries, and the imporum;
portal vein. The purpose of this chapter is to give the student
an understanding of the significant anatomy relative to clini-
cal problems. Examiners can ask many good questions rega-
rding this region.
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& eral Arrangement of the Abdomina]
yiscer®

: hat occupies the y
eris a large organ t € Upper part of the
T"’"Vgnal cavity (Figs. 51 and 5-2). It lies almost entirely
over of the ribs and costal cartilages and extends
e epigastric region.

LADDER

libladder is a pearshaped sac that is adherent to the

mjeg,;,rface of the right lobe of the liver; jts blind end, or
:,':ldl!& projects below the inferior border of the liver (Figs.
sland 52)-

fsopHAGUS
esophagus is a tubular structure that joins the pharynx

1o the stomach. The esophagus pierces the diaphragm

ightly to the left of the midline and after a short course of
sbout 1/2inch (1.25 cm) enters the stomach on jts right side,
pisdeeply placed, lying behind the left lobe of the liver (Fig,
51).
STOMACH
The stomach is a dilated part of the alimentary canal be-
ween the esophagus and the small intestine (Figs. 51 and 5-
7). It occupies the left upper quadrant, epigastric, and um-
bilical regions, and much of it lies under cover of the ribs. Its
Jong axis passes downward and forward to the right and
then backward and slightly upward.
SMALL INTESTINE

Thesmall intestine is divided into three regions: duodenum,
jgunum, and ileum. The duodenum is the first part of the
small intestine, and most of it is deeply placed on the poste-
fior abdominal wall. It is situated in the epigastric and um-
bilical regions. It is a C-shaped tube that extends from the
somach around the head of the pancreas to join the je-
junum (Fig. 5-1). About halfway down its length the small in-
lestine receives the bile and the pancreatic ducts.

The jejunum and ileum together measure about 20 feet
(6m) long, the upper two-fifths of this length being the je-
jinum. The jejunum begins at the duodenojejunal junction,
ad the ilium ends at the ileocecal junction (Fig. 5-1). The
ils of jejunum occupy the upper left part of the abdominal
@iy, whereas the ileum tends to occupy the lower right
Partof the abdominal cavity and the pelvic cavity (Fig. 5-3).

UARGE INTESTINE

"‘eh!ge intestine is divided into the cecum, appendix, as-
&nding colon, transverse colon, descending colon, sig-
idcolon, rectum, and anal canal (Fig. 5-1). The large in-
e arches around and encloses the coils of the small
Mestine (Fig, 5-3) and tends to be more fixed than the small
Mesting,
ihe Cecum is a blind-ended sac that projects down.ward
oy 80t iliac region below the ileocecal junction (Figs. 5-
o e 2 The appendix is a worm-shaped tube that arises
s medial side (Fig. 5-1).
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The ascending colon extends upward from the cecum to
the inferior surface of the right lobe of the liver occupying the
right lower and upper quadrants (Figs. 5-1 and 5-3). On reach-
ing the liver it bends to the left, forming the right colic flexure.

The transverse colon crosses the abdomen in the um-
bilical region from the right colic flexure to the left colic flex-
ure (Figs. 5-1 and 5-3). It forms a wide Ushaped curve. In the
erect position, the lower part of the U may extend down into
the pelvis. The transverse colon, on reaching the region of
the spleen, bends downward, forming the left colic flexure
to become the descending colon.

The descending colon extends from the left - of;
ure to the pelvic inlet below (Figs. 5-1 and 5-3) Scllccuflgx-
the left upper and lower quadrants. RiES
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falciform ligament

M gallbladder

small and large intestines.

The sigmoid colon begins at the pelvic inlet, where it is
acontinuation of the descending colon (Fig. 5-1). It hangs
down into the pelvic cavity in the form of a loop. It joins the
rectum in front of the sacrum.

The rectum occupies the posterior part of the pelvic cav-
iy (Fig. 51). It is continuous above with the sigmoid colon
ad descends in front of the sacrum to leave the pelvis by
plercing the pelvic floor. Here it becomes continuous with
e anal canal in the perineum.

PANCREAS

meA pancreas is a soft, lobulated organ that stretches
°!’hque.|y across the posterior abdominal wall in the epigas-

fegion (Fig. 5-12). It is situated behind the stomach and
£Xends from the duodenum to the spleen.

SLEEN

T'::elspleen is a soft mass of lymphatic tissue that occupies
a“dlehfl lél?per part of the abdomen between t:ne storn;xc:f
. 2phragm (Fig. It lies along the long axi

Betentyjoy oo C & >12)- I g

KoNgys

z}:k‘d"eys are two reddish-brown organs situated high up
Wﬂeg Posterior abdominal wall, one on each side of t}}e
Hghe Tl column (Fig. 5-12). The left kidney lies slightly
nuhv::"‘" the right. Each kidney gives rise to a ureter that

cally downward on the psoas muscle.
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Figure 5-2 Abdominal organs in situ. Note that the greater omentum hangs down in front of the
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ool 040,801 transverse colon

Lelall 0,80 ascending colon

sl appendix

coils of jejunum  pSlall 5 2

descending colon J;3u1 o 4,

coils of ileum & 2

252Y1 cecum

Figure 5-3 Abdominal contents after the greater omentum has been reflected upward. Coils of
small intestine occupy the central part of the abdominal cavity, whereas ascending, transverse,
and descending parts of the colon are located at the periphery.
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SUPRARENAL GLANDS

The suprarenal glands are two yellowish organs that lie on .

the upper poles of the kidneys (Fig. 5-12) on the posterior
abdominal wall.

Peritoneum
GENERAL ARRANGEMENT

The peritoneum is the thin serous membrane lining the
walls of the abdominal and pelvic cavities and clothing the
abdominal and pelvic viscera (Figs. 54 and 5-5). It can be re-
garded as a “balloon” into which organs are pressed from
the outside. The parietal peritoneum lines the walls of the
abdominal and pelvic cavities, and the visceral peri-
toneum covers the organs. The potential space between the
parietal and visceral layers, which is in effect the inside
space of the balloon, is called the peritoneal cavity. In
males this is a closed cavity, but in females communication
with the exterior occurs through the uterine tubes, the
uterus, and the vagina.
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centhe arietal Pen‘(onepm and the fascial lining of
gelw! inal and pelvic walls is a layer of connective tis-
o omme & ritoneal tissue. It varies in amount
called egions, and in the area of the kidneys contains
: di“e'emount of fat. The visceral peritoneum is closely
. W‘ﬂz "he underlying viscus by only a small amount of
nd ' issue.
z:necnv;t‘;’:::l cavity can be divided into two parts: the
e pec and the lessersac (Figs. 54 §nd 55). The greater
gr?“‘e'samain compartment of th_e peritoneal cavity and ex-
’cslhe the diaphragm down into the pelvis. The lesser
onds frof“Iler and lies behind the stomach. The greater and
,cissma are in free communication with one another
el saan oval window called the opening of the lesser
[hm“gr he epiploic foramen (Figs. 54 and 5-7). The peri-
Om retes a small amount of serous fluid, which lu-
to‘,‘e”w he surfaces of the peritoneum and allows free
an:m‘e at between the viscera.
0 CERITONEAL AND RETROPERITONEAL

BEuﬂONSWPS
terms intraperitoneal and retroperitoneal are used
describe the relationshl‘p ofA various organs to their peri-
eal covering. An organ is said to be intraperitoneal when
itis almost totally covered with visceral peritoneum. The
somach, jejunum, ileum, and splgen are good examples of
inmperitoneal organs. Retropen_toneal organs lie behind
e peritoneumn and are only partially covered with visceral
<oneum. The pancreas and the ascending and descend-
ing parts of the colon are examples of retroperitoneal or-
No organ, however, is actually within the peritoneal
cavity. An intraperitoneal organ, such as the stomach, ap-
pearsto be surrounded by the peritoneal cavity, but it is cov-
ered with visceral peritoneum and is attached to other or-
gans by omenta.
PERITONEAL LIGAMENTS, OMENTA, AND
MESENTERIES

Peritoneal ligaments are two-layered folds of peritoneum
hat connect solid viscera to the abdominal walls. (They do
not possess the dense fibrous tissue seen in ligaments asso-
ciated with bones.) The liver, for example, is connected to
the diaphragm by the falciform ligament (Fig. 56), the
coronary ligament, and the right and left triangular lig-
aments (Figs. 5-33 and 5-35).

Omenta are two-layered folds of peritoneum that con-
nect the stomach to another viscus. The greater omentum
connects the greater curvature of the stomach to the trans-
Verse colon (Fig. 5-2). It hangs down like an apron in front of
the coils of the small intestine and is folded back on itself to
be attached to the transverse colon (Fig. 5-5). The lesser
mentum suspends the lesser curvature of the stomach

the fissure of the ligamentum venosum and the porta
tis on the undersurface of the liver (Fig. 5-5). The gas-
i lenic omentum (ligament) connects the stomach to
€hilum of the spleen (Fig. 54).
o teries are two-layered folds of peritoneum con-
wm"‘ﬂ parts of the intestines to the posterior abdominal
e :forexample, the mesentery of the small intestine,
(F erse mesocolon, and the sigmoid mesocolon
1854 and 5.5),
i ble Peritoneal ligaments, omenta, and mesenteries per:

T 00d, lymph vessels, and nerves to reach the viscera.

O Understand the attachments of the peritoneal liga-
te by Mesenteries, and so on, trace the peritoneum arou nd
i yerp " 2l Cavity, first in a transverse direction and then

®ttical direction,
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Figure 5-4 Transverse sections of the abdomen showin: i
5 s ons g the arrangement of the peritoneum.
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are viewed from below.
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PERITONEUM AS SEEN ON TRANSVERSE SECTIONS
OF THE ABDOMEN

At the Level of the Fourth Lumbar Vertebra

The parietal peritoneum lining the anterior abdominal wall
below the umbilicus is smooth, apart from the low ridges
produced by the median umbilical ligament (the
urachus, the remains of the fetal allantois, which passes
from the apex of the bladder to the umbilicus) and the lat-
eral umbilical ligaments (the obliterated umbilical arter-
ies, which pass from the internal iliac arteries to the umbili-

cus) (Fig. 54).
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The parietal peritoneum passes onto the posterior ab-
dominal wall and becomes continuous with the visceral peri-
toneum covering the sides and anterior surfaces of the as-
cending colon and descending colon (Fig. 54). In the region
of the aorta and inferior vena cava, the parietal peritoneum
becomes continuous with the mesentery of the small intes-
tine. Note the right and left paracolic grooves, or gutters,
which lie lateral and medial to the ascending colon and the
descending colon, respectively (Fig. 54). Note also that the
peritoneum forms a continuous layer that can be traced
around the abdominal cavity without interruption.

Atthe Level of the Twelfth Thoracic Vertebra

The parietal peritoneum lining the anterior abdominal wall
forms a sickleshaped fold called the falciform ligament
(Figs. 52 and 5-6). This connects the anterior surface of the
liver to the anterior abdominal wall above the umbilicus
and to the diaphragm. In the free border of the ligament,
Where the two layers of peritoneum are continuous with
each other, lies the ligamentum teres (Figs. 52 and 56).

is is the obliterated umbilical vein of the fetus, which
Passes upward to enter the groove between the quadrate
lobe and the left lobe of the liver.
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If the parietal peritoneum is followed around the ab-
dominal wall on the left side, it reaches the lateral margin of
The left kidney (Fig. 5-4). Here, it becomes continuos with
the visceral peritoneum covering the lateral margin and part
of the anterior surface of the left kidney. The peritoneum th-
en leaves the kidney and passes to the hilum of the spleen
as the posterior layer of the splenicorenal ligament. The
visceral peritoneum covers the spleen and, on reaching the
hilum again, is reflected onto the greater curvature of the
stomach as the anterior layer of the gastrosplenic omen-
tum (ligament). The visceral peritoneum covers the ante-
rior surface of the stomach and leaves the lesser curvature
to form the anterior layer of the lesser omentum (Fig. 54).
On the right, the lesser omentum has a free border, and here
the peritoneum folds around the bile duct, hepatic artery,
and portal vein. The free border of the lesser omentum
forms the anterior margin of the opening into the lesser sac
(Figs. 54 and 5-7).
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Figure 5-7 Sagittal section through the entrance into the lesser sac showing important structures
that form boundaries to the opening. (Note the arrow passing from the greater sac through the

epiploic foramen into the lesser sac.)
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The peritoneum forms the posterior layer of the lesser
omentum and becomes continuous with the visceral layer
of peritoneum covering the posterior wall of the stomach.
Note that here the peritoneum forms the anterior wall of the
lesser sac (Fig. 54). At the greater curvature of the stomach,
the peritoneum leaves the stomach, forming the posterior
layer of the gastrosplenic omentum (ligament), and
reaches the hilum of the spleen. Here it is reflected back-
ward to the posterior abdominal wall, forming the anterior
layer of the splenicorenal ligament. The peritoneum now
covers the anterior surface of the pancreas, the aorta, and
the inferior vena cava, forming the posterior wall of the
lesser sac (Fig. 54). The peritoneum passes onto the ante-
rior surface of the right kidney and sweeps around the lat-
eral abdominal wall to reach the anterior abdominal wall.
Once again, note that the peritoneum forms a continuous
layer around the abdomen (Fig. 54).

PERITONEUM AS SEEN ON SAGITTAL SECTION OF

THE ABDOMEN AND PELVIS

The parietal peritoneum lining the anterior abdominal wall
can be traced upward to the left of the falciform ligament to
reach the undersurface of the diaphragm (Fig. 5-5). Here it
isreflected onto the upper surface of the liver as the anterior
layer of the left triangular ligament. The visceral peri-
toneum then covers the anterior and inferior surfaces of the
liver until it reaches the porta hepatis. Here the peri-
toneum passes to the lesser curvature of the stomach as the
anterior layer of the lesser omentum. Having covered the an-
terior surface of the stomach, the peritoneum leaves the
greater curvature forming the anterior layer of the greater
omentum (Figs. 5-2 and 5-5).
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The greater omentum hangs down as a fold in front ofthe
coils of intestine and contains within it the lower part of the
lesser sac. Having reached the lowest limit of the greater
omentum, the peritoneum folds upward and forms the pos-
terior layer of the greater omentum. On reaching the infenqr
border of the transverse colon (Figs. 53 and 5-5), the peri-
toneum covers its posterior surface and then leaves the
colon to form the posterior layer of the transverse meso-
colon. The peritoneum then passes to the anterior border of
the pancreas and runs downward anterior to the third part
of the duodenum (Fig. 5-5). A

The peritoneum now leaves the posterior abdominal

wall as the anterior layer of the mesentery of the small in-
testine. The visceral peritoneum covers the jejunum and
then forms the posterior layer of the mesentery. On return-
ing to the posterior abdominal wall, the peritoneum runs
downward into the pelvis and covers the anterior surface of
the upper part of the rectum (Fig. 5-5). From here, it is re-
flected onto the posterior surface of the upper part of the
vagina, forming the important rectouterine pouch (pouch
of Douglas). In tiie male the peritoneum is reflected onto
the upper part of the posterior surface of the bladder and the
seminal vesicles, forming the rectovesical pouch.

The peritoneum passes over the upper surface of the
uterus in the female and is reflected from its anterior surface
onto the upper surface of the bladder (Fig. 5-5). In both
sexes the peritoneum passes from the bladder onto the an-
terior abdominal wall.

PERITONEAL POUCHES, RECESSES, SPACES, AND
GUTTERS

Lesser Sac

The lesser sac is an extensive peritoneal pouch situated be-
hind the lesser omentum and stomach and lying in front of
structures situated on the posterior abdominal wall (Figs. 5-
4, 5-5, and 5-13). It projects upward as far as the diaphragm
and downward between the layers of the greater omentum.
The lower part of the lesser sac is often obliterated by the ad-
herence of the anterior layers of the greater omentum to the
posterior layers. Its left margin is formed by the spleen (Fig.
5-13) and the gastrosplenic omentum and splenicorenal lig-
aments; below it is formed by the left free border of the
greater omentum (Fig. 54). The right margin of the sac
opens into the greater sac, that is, the main part of the peri-
toneal cavity, through the opening of the lesser sac, or
epiploic foramen. Below the opening the right margin is
formed by the right free border of the greater omentum.

The opening into the lesser sac (epiploic foramen) has

the following boundaries (Fig. 5-7): i

e Anteriorly: The free border of the lesser omentum, con-
taining the bile duct, the hepatic artery, and the portal
vein (Fig. 5-13). The bile duct lies to the right and in front,
the hepatic artery lies to the left and in front, and the por-
tal vein lies posteriorly (Figs. 54 and 5-13).

e Posteriorly: The inferior vena cava.

e Superiorly: The caudate process of the caudate lobe of
the liver.

e Inferiorly: The first part of the duodenum.

Duodenal Recesses

Close to the duodenojejunal junction may be four small
pocketlike pouches of peritoneum called the superior
duodenal, inferior duodenal, paraduodenal, and retro-
duodenal recesses (Fig. 5-8).
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Figure 5-8 Peritoneal recesses that may be present in the region of the duodenojejunal junction.
Note the presence of the inferior mesenteric vein in the peritoneal fold, forming the paraduodenal recess.
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Cecal Recesses

The presence of folds of peritoneum close to the cecum cre-
ates three peritoneal recesses: the superior ileocecal, the
inferior ileocecal, and the retrocecal recesses (Fig. 5-9).
These recesses in the peritoneal lining occasionally form
deep pouches.

Intersigmoid Recess

The intersigmoid recess is situated at the apex of the in-
verted, V-shaped root of the sigmoid mesocolon (Fig. 59).
Itsmouth opens downward and lies in front of the left ureter.

The important pelvic peritoneal pouches are described
on pages26'7 and 278.The various peritoneal pouches and
recesses described in the previous paragraphs may become
sites for the development of internal abdominal herniae.

(Seep.176)-

Subphrenic Spaces

The existence of the intraperitoneal subphrenic spaces 1S
the result of the complicated arrangement of the peri-
toneum in the region of the liver. The right and left anttz
rior subphrenic spaces lie between the diaphragm an5
the liver, one on each side of the falciform hgarpent (Fig.
10). The right posterior subphrenic space lies .b::we'eig
the right lobe of the liver, the right kidney, and the rig| CTies
flexure (Fig. 5-69). The right extxypeﬂtoneal.sp:cee Lo
between the layers of the coronary ligament and is ther

situated between the liver and the diaphragm. (Seep.127):
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sigmoid mesocolon.
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Paracolic Gutters

These gutters lie on the lateral and medial sid

cending an.d descending colons, respectively (l;e‘isg:fStzeaz:
5-10).. The pght medial paracolic gutter is closed off from the
;_zelv:c cavity inferiorly by the mesentery of the small intes-
tme,.whereas the others are in free communication with the
pelvic cavity. The right lateral paracolic gutter is in commu-
nication with the right posterior subphrenic space, but the
left lateral gutter is separated from the area aro'und the
tspleen b);1 the phrenicocolic ligament, a fold of peri-
ac;r:;:gnr; t at passes from the left colic flexure to the di-

The subphrenic spaces and the paracoli i

ically important because they maylt)): sit:sllfi)fltlr:f?o?lree ?m-
and movement of infected peritoneal fluid. (See p. 174C)lon
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Figure 5-10 Normal direction of flow of the peritoneal fluid from different parts of the peritoneal

cavity to the subphrenic spaces.
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J@VESUPPLY OF THE PERITONEUM

e parietal peritoneum is sensitive to pain, temperature,
wuch, and pressure. The parietal peritoneum lining the an-
wiorabdominal wall is supplied by the lower six thoracic
adfirst lumbar nerves, that is, the same nerves that inner-
ale the overlying muscles and skin. The central part of the
daphragmatic peritoneum is supplied by the phrenic
wenes; peripherally, the diaphragmatic peritoneum is sup-
lied by the lower six thoracic nerves. The parietal peri-
wneum in the pelvis is mainly supplied by the obturator
fene, a branch of the lumbar plexus.
The visceral peritoneum is sensitive only to stretch and
karing and is not sensitive to touch, pressure, or tempera-
e Jtis supplied by autonomic afferent nerves that supply
Be viscera or are traveling in the mesentenes.
Drerdistension of a viscus leads to the sensation of pain. The
Nesenteries of the small and large intestines are sensitive to
Bechanical stretching.
fINCTIONS OF THE PERITONEUM

?‘Witoneal fluid, which is pale yellow and somewhat vis-
4 contains leukocytes. It is secreted by the peritoneum and
:’ﬂuesﬂm the mobile viscera glide easily on one another. As
15Ul of the movements of the diaphragm and the abdomi-
Muscles, together with the peristaltic movements of the in-
al tract, the peritoneal fluid is not static. Experimental ev-
over shown that particulate matter introduced into the
. Part of the peritoneal cavity reaches the subphrenic
Somg Spaces rapidly, whatever the position of the body. It
‘ha_' intraperitoneal movement of fluid toward the di-
M is continuous (Fig. 5-10), and there it is quickly ab-

Into the subperitoneal lymphatic capillaries.
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hat the area of peri-

This can be explained on the basis tha o and the

toneum is extensive in the region oj the dlaig'}ymnslph Howin
piratory mo of the diap al

the lymph vessels. .

The peritoneal coverings of the intestine tend to S::(l:, ::-
gether in the presence of infection. The grealgrto;;s o the'
which is kept constantly on the move by the perista el
neighboring intestinal tract, may adhere tq other pei 410
surfaces around a focus of infection. In this mann;r,emain
of the intraperitoneal infections are sealed off and r
localized. ] g

The peritoneal folds play an important partin suspendelrg
the various organs within the peritoneal cavity and serv b
a means of conveying the blood vessels, lymphatics, a
nerves to these organs. 1 . ped

Large amounts of fat are stored in the peritoneal liga
ments and mesenteries, and especially large amounts can
be found in the greater omentum.

EMBRYONIC EXPLANATION FOR FINAL POSITION OF
ABDOMINAL VISCERA

During early development the rapidly enlarging Iiver.and l'(ld-
neys so encroach on the abdominal cavity that the intestine
is forced out of the cavity through the umbilicus into the um-
bilical cord. While in the umbilical cord the midgut rotates
around an axis formed by the superior mesenteric artery and
the vitelline duct. As one views the embryo from the anterior
aspect, a counterclockwise rotation of approximately 90° oc-
curs. Later, as the gut returns to the abdominal cavity, the
midgut rotates counterclockwise an additional 180°. Thus, a
total rotation of 270° counterclockwise has occurred.

The rotation of the gut results in part of the large intestine
(transverse colon) coming in front of the superior mesen-
teric artery and the second part of the duodenum; the third
part of the duodenum comes to lie behind the artery. The
cecum and appendix come into close contact with the right
lobe of the liver. Later the cecum and appendix descend
into the right iliac fossa so that the ascending colon and
right colic flexure are formed. Thus, the rotation of the gut
has resulted in the large gut coming to lie laterally and en-
circle the centrally placed small gut.

The primitive mesenteries of the duodenum, ascending
and descending colons now fuse with the parietal peri-
toneum on the posterior abdominal wall. This explains how
these parts of the developing gut become retroperitoneal.

The primitive mesenteries of the jejunum and ileum, the
transverse colon, and the sigmoid colon persist as the
mesentery of the small intestine, the transverse mesocolon,
and the sigmoid mesocolon, respectively.

The rotation of the stomach and duodenum to the rightis
largely brought about by the great growth of the right lobe of
the liver. The left surface of the stomach becomes anterior
and the right surface becomes posterior. A pouch of peri-
toneum becomes located behind the stomach and is called
the lesser sac.

Gastrointestinal Tract

ESOPHAGUS (ABDOMINAL PORTION)

The esophagus is a muscular, collapsible tube about 10
inches (25 cm) long that joins the pharynx to the stomach.
The greater part of the esophagus lies within the thorax, (See
p. 113.) The esophagus enters the abdomen through an
opening in the right crus of the diaphragm (Fig. 5-12). After
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t 1/2 inch (1.25 cm), it enters the stomach
gcoV The esophagus is related anteriorly to the
on it .ngsurface of the left lobe of the liver and posteriorly
Wdeno;( crus of the diaphragm. The left and right vagi lie
10 ‘f;s:eﬁof and posterior surfaces, respectively.

onl

of abou
ight side-

giood supply
ries
nches from the left gastric artery (Fig. 5-14).

fginS ks :
Ve drain into the left gastric vein, a tributary of the portal
2’:?(569 portal-systemic anastomosis, p. 123)
cein:
Drainage
e jymph vessels follow the arteries into the left gastric

es.
m Supply
Anterior and posterior gastric nerves (vagi) and sympathetic
pranches of the thoracic part of the sympathetic trunk.

function
The esophagus conducts food from the pharynx into the
somach. Wavelike contractions of the muscular coat,

called peristalsis, propel the food onward.

GASTROESOPHAGEAL SPHINCTER

Noanatomic sphincter exists at the lower end of the esoph-
agus. However, the circular layer of smooth muscle in this

ion serves as a physiologic sphincter. As the food de-
scends through the esophagus, relaxation of the muscle at
the lower end occurs ahead of the peristaltic wave so that
the food enters the stomach. The tonic contraction of this
sphincter prevents the stomach contents from regurgitating
into the esophagus.

The closure of the sphincter is under vagal control, and
this can be augmented by the hormone gastrin and reduced
inresponse to secretin, cholecystokinin, and glucagon.

STOMACH

Location and Description
The stomach is the dilated portion of the alimentary canal
and has three main functions: (@) it stores food—in the adult
ithas a capacity ot about 1500 mL, (b) it mixes the food with
gastric secretions to form a semifluid chyme; and (¢) it con-
rols the rate of delivery of the chyme to the small intestine
%o that efficient digestion and absorption can take place.
Thestomach is situated in the upper part of the abdomen,
exending from beneath the left costal margin region into the
fPigastric and umbilical regions. Much of the stomach lies
Under cover of the lower ribs. It is roughly J shaped and has
0 openings, the cardiac and pyloric orifices; two curva-
the greater and lesser curvatures; and two surfaces,
“anterior and a posterior surface (Fig. 5-11).
'ﬂ}e stomach is relatively fixed at both ends but is very
Mobile in between. It tends to be high and transversely ar-
in the short, obese person (steerhorn stomach) and
ted vertically in the tall, thin person (Jshaped stom-
. Its shape undergoes considerable variation in the
" Person and depends on the volume of its contents, the
fion of the body, and the phase of respiration.
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i3l aa 9 cardiac orifice

) Loyl Jesser curvature
g0 0 2 incisura angularis

i pylorus

S antrum

A esophagus

slgill as 4 cardiac orifice

214l suall pyloric canal
4411 5 .all pyloric sphincter

jongitudinal muscle coat GVl Jasdl oy

longitudinal folds of mucous coat
bl aeadll 23Y o) Ul

Figure 5-11 Stomach showing different parts, muscular coats, and mucosal lining. Note the increased
thickness of the circular muscle forming the pyloric sphincter.
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The stomach is divided into the following parts (Fig. 5-
11): The fundus is dome-shaped and projects upward and
to the left of the cardiac orifice. It is usually full of gas. The
body extends from the level of the cardiac orifice to the
level of the incisura angularis, a constant notch in the
lower part of the lesser curvature (Fig. 5-11). The pyloric
antrum extends from the incisura angularis to the pylorus.
The pylorus is the tubular part of the stomach. It has a thick
muscular wall called the pyloric sphincter. The cavity of
the pylorus is the pyloric canal.

The lesser curvature forms the right border of the stom-
ach and extends from the cardiac orifice to the pylorus (Fig.
5-11). It is suspended from the liver by the lesser omentum,
The greater curvature is much longer than the lesser cur-
vature and extends from the left of the cardiac orifice, over
the dome of the fundus, and along the left border of the
stomach to the pylorus (Fig. 5-11). The gastrosplenic omen-
tum (ligament) extends from the upper part of the greater

;:urva:;n? to the spleen, and the greater omentum extends
rom the lower part of the greater curvature to
colon (Fig. 5-13). e ans e
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D i
e c‘rdlls.] 1. Al(hough no z?na(omlc phincter can be
_,wn!ﬂ"h a:ea Here.a physiologic mechanism exists that

]c‘““’"él;e o gitation of stomach contents into the esopha-
i
‘:;\ksee P~l:ﬂ92' orifice is formed by the pyloric canal,
g The.Pyboul 1 inch (2.5 cm) lf)ng. The circular muscle
sich is a atomach is much thicker here and forms the
W O’Amen d physiologic pyloric sphincter (Fig. 5-11).
ic "; Jies on the transpyloric _plane. and its position
e Pf"mmogniz ed by a slight_constnclion on the surface of
cﬂ"be " ch. The pyloric sphmqter controls the rate of dis-
eSO Fihe stomach contents into the duqdenum.
dharse© ucous membrane of the stomach is thick and vas-
eﬂ:l is thrown into numerous folds, or rugae, that are
lara? itudinal in direction (Fig. 5-11). The folds flatten
m,inl 'lor:ge stomach is distended.
when ar wall of the stomach contains (7) longi-

T el'!‘be 15, (2) circular fibers, and (3) oblique fibers (Fig.
“’dma-ln:e Jongitudinal fibers are the most superficial and
511)- = oncentrated along the curvatures. The inner cir-
a mF;erS encircle the body of the stomach and are greatly
culer led at the pylorus to form the pyloric sphincter. Few
icken fibers are found in the region of the fundus. The
c;rc'ula; fibers form the innermost muscle coat. They loop
| ‘;e fundus and pass down along the anterior and pos-
0\-?rl alls, running parallel with the lesser curvature.
(eII%: ; per‘ltone“m (visceral peritoneum) completely sur-

unds the stomach. It leaves the lesser curvature as the
ser omentum and the greater curvature as the gastros-
plenic omentum and the greater omentum.

lations
EA’:,ﬂ;florly: The anterior abdominal wall, the left costal
: margin, the left pleura and lung, the diaphragm, and the
Jeft lobe of the liver (Figs. 52 and 5.-5)‘
o Posteriorly: The lesser sac, the diaphragm, the spleen,
the left suprarenal gland, the upper part of the left kidney,
the splenic artery, the pancreas, the transverse meso-
colon, and the transverse colon (Figs. 55, 5-12, and 5-13).

Blood Supply
Arteries

These are derived from the branches of the celiac artery
(Fig. 5-14).

The left gastric artery arises from the celiac artery. It
passes upward and to the left to reach the esophagus and
then descends along the lesser curvature of the stomach. It
supplies the lower third of the esophagus and the upper
tight part of the stomach.

The right gastric artery arises from the hepatic artery at
the upper border of the pylorus and runs to the left along the
I:er curvature. It supplies the lower right part of the stom-
ach,

The short gastric arteries arise from the splenic artery
atthe hilum of the spleen and pass forward in the gastros-
Plenic omentum (ligament) to supply the fundus. .
¢ left gastroepiploic artery arises from the splenic
ety at the hilum of the spleen and passes forward in the
Sastrosplenic omentum (ligament) to supply the stomach

Ong the upper part of the greater curvature. L
d e right gastroepiploic artery arises from the gaslr 2

U0denal branch of the hepatic artery. It passes to the le
an:,slgpli% the stomach along the lower part of the greate
alure,

T il dagad! s pualid) Juadl! e

I ey o v
- yuy!‘uw\}w,&.ﬁhfy
(99 Tiall ity s M S aaall Ol e A
T S o o A ) S e g A S5
if:)‘; \.. u’ul Sdnall (g S Lol e 0,55 Ysb (o 2-5)
P 25t (115 ISty B ) g 5il) g 2y 2 2t g1 8l
] S G 2 gy ano g o Sy NpY e M s G
5 oy ey &A1 N 5l (S Gaall e
Pt
S S et pay (e o nal) U )
IS () IS Ll b 0,56 1y leiab f Satese
e Al a3 Litze Sl ol ey (115
S @) Y b S (1) e suaell Gl ) (s
AU or Y UYL (115 Sl al B 3) s
LU L A SUIY LT elos¥l I b e B 51y ciodan
Ll 8l I Oy e (a8 sy Sl o b2
Wl oL Ll L LG e B 3 OU i 5
e JaB 2 W Gy S5 ay et hinal a3
) o jlan (S8 5 S Stal) il LY a3 I b
B e ps ISt 5aadly (i Glially Glieal Jay
B S R e
_FQ\ oAy J\:J:.\\ gl
1Oy glS)
S Ay (s bl By U ) 1ol e
2-5098ally aSU Y jadly U Ol g s - B
.(5:5 %)
IS 3y 30l y Jlndally sl Dy all SO il @
0l 2y (5 IS o 5 ey 5 (e S
o 0380y o ) 0 B S Bl sy Ay Sl
L(13-5 12-5 5-5 S

1Asgend| dyg)all Nt

scnolpd] A
L(14-5 JKely S 0L ¢ g o Ol s 25
2ty Y 0t e Lty 2 8 (gl O 200
S Jpb e J o oy ) (S Jad Y oY
] A;_,J,J\r‘.i)\,é,ho_,@a..)\ S (5 phy sdaall il
aaall
1l U e S 0L o iy oY) gall DL 00
: PN P R L e
) 3t 5hy e S e
ol 3 i Jodall 0L o {5 13 peadl) dptal) ;,g\:.m
W s Jodal gl () oA BN )
i e Jdd o s o b s g 4-.\.&\ O,
98 saskl (i) Jlall (st (Bl Ny o 3 (U ey Jlal
¥ ' S ¥ o gl e 41
g 2 il gl g A o L2 oS g bl DR
Ty i g e il e (g
o S gloo

0




o) 574 50 central tendon of diaphragm

(gl LA phrenic artery

s 35S 31 right suprarenal gland
Ul 4,5 portal vein
el ISY) right kidney

—

) aall 3L bile duct Ze
S ol 20 hepatic artery -l

delall o4, ascending colon

superior pancreaticoduodenal artery

Sslall gial) JSal 0L

3y 1S s
[Ecrenal gland s 1 (1S3 G

spleen Ji=dall

= left kidney s~ LSy
phrenicocolic figament
SHS gl L, )y

pancreas kel
splenic artery  Jwdall oy, 2y

Figure 512 Structures situated on the posterior abdominal wall behind the stomach.
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Veins

These drain into the portal circulation (Fig. 5-29). The left
and right gastric veins drain directly into the portal vein.
The short gastric veins and the left gastroepiploic veins
join the splenic vein. The right gastroepiploic vein joins
the superior mesenteric vein.

Lymph Drainage

The lymph vessels (Fig. 5-15) follow the arteries into the left
and right gastric nodes, the left and right gastroepiploic
nodes, and the short gastric nodes. All lymph from the stom-
ach eventually passes to the celiac nodes located around
the root of the celiac artery on the posterior abdominal wall.

Nerve Supply

This includes sympathetic fibers derived from the celiac
plexus and parasympathetic fibers from the right and left va-
gus nerves (Fig. 5-16).

The anterior vagal trunk, which is formed in the thorax
mainly from the left vagus nerve, enters the abdomen on the
anterior surface of the esophagus. The trunk, which may be
single or multiple, then divides into branches that supply the
anterior surface of the stomach. A large hepatic branch
passes up to the liver, and from this a pyloric branch passes

down to the pylorus (Fig. 5-16).
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Figure 5-13 Transverse section of the lesser sac showi g the arrang 1t of the peri in
the formation of the lesser omentum, the gastrosplenic omentum, and the splenicorenal ligament.
Arrow indicates the position of the opening of the lesser sac.
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Figure 5-14 Arteries that supply the stomach. Note that all the arteries are derived from branches
of the celiac artery.
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lymphatics from lower third of esophagus

it S *short gastric nodes s el Ll Lz

splenic nodes
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Figure 5-15 Lymph drainage of the stomach. Note that all the lymph eventually passes through
the celiac lymph nodes.
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Figure 5-16 Distribution of the anterior and posterior vay ithi

> i gal trunks within the abdomen. Note that
the celiac prancp of the posterior vagal trunk is distributed with the sympathetic nsrvzs as far
down the intestinal tract as the left colic flexure.
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Figure 517 Pancreas and anterior relations of the kidneys.
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The posterior vagal trunk, which is formed in the tho-
raxmainly from the right vagus nerve, enters the abdomen
on the posterior surface of the esophagus. The trunk then
divides into branches that supply mainly the posterior sur-
face of the stomach. A large branch passes to the celiac and
superior mesenteric plexuses and is distributed to the in-
testine as far as the splenic flexure and to the pancreas (Fig.
516).

'l%ne sympathetic innervation of the stomach carries a
proportion of pain-transmitting nerve fibers, whereas the
parasympathetic vagal fibers are secretomotor to the gastric
glands and motor to the muscular wall of the stomach. The
pyloric sphincter receives motor fibers from the sympathetic
system and inhibitory fibers from the vagi.

SMALL INTESTINE

The small intestine is the longest part of the alimentary
canal and extends from the pylorus of the stomach to the
lleocecal junction (Fig. 5-1). The greater part of digestion
and food absorption takes place in the small intestine. It is
divided into three parts: the duodenum, the jejunum, and
the ileum,

Duodenum

Location anqd Description

The duodenum is a Cshaped tube about 10 inches (25 cm)
thatjoins the stomach to the jejunum. It is important be-
it receives the’ openings of the bile and pancreatic
¢85, The duodenum curves around the head of the pan-
(Fig. 5-17). The first inch (2.5 cm) of the duodenum re-
es the stomach in that it is covered on its anterior and
®1lor surfaces with peritoneum and has the lesser omen-
atached to its upper border and the greater omentum
:':Cnhed to its lower border: the lesser sac lies behind th1§
hnea]seg"-lem' The remainder of the duodenum is retroperi-
» being only partially covered by peritoneum.
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Parts of the Duodenum |
: : ilical re-
The duodenum is situated in the epigastric and Udml?lllll'gafo';"
gions and for purposes of description is divided i
parts.
" m
First Part of the Duodenum The first part of lhegl;)o:?::al
is 2 inches (5 cm) long (Figs. 5-17 and 5-18) ar;] > gtside
the pylorus and runs upward and bac‘kward ontherig e
of the first lumbar vertebra. It thus lies on the transpy
plane.

Relations 4

© Anteriorly: The quadrate lobe of the liver and the gall-
bladder (Fig. 5-35).

° Pouerlo(rl;: The lesser sac (first inch only), the g:s!(O:
duodenal artery, the bile duct and portal vein, and the in
ferior vena cava (Fig. 5-18). n

@ Superiorly: The entrance into the lesser sac (the epi
ploic foramen) (Figs. 5-7 and 5-13). "

e Inferiorly: The head of the pancreas (Fig. 5-17).

Second Part of the Duodenum The second part of the duo-
denum is 3 inches (8 cm) long and runs vertically do.wn-
ward in front of the hilum of the right kidney on the right
side of the second and third lumbar vertebrae (Figs. 517
and 5-18). About halfway down its medial border, the bile
duct and the main pancreatic duct pierce the duodenal
wall. They unite to form the ampulla that opens on the sum-
mit of the major duodenal papilla (Fig. 5-19). The acces-
sory pancreatic duct, if present, opens into the duod_enum a
little higher up on the minor duodenal papilla (Figs. 5-18
and 5-19).

Relations

® Anteriorly: The fundus of the gallbladder and the right
lobe of the liver, the transverse colon, and the coils of the
small intestine (Fig. 5-36).

® Posteriorly: The hilum of the right kidney and the right
ureter (Fig. 5-18).

® Laterally: The ascending colon, the right colic flexure,
and the right lobe of the liver (Fig. 5-18).

® Medially: The head of the pancreas, the bile duct, and
the main pancreatic duct (Figs. 5-18 and 5-19).

Third Part of the Duodenum The third part of the duode-
num is 3 inches (8 cm) long and runs horizontally to the left
on the subcostal plane, passing in front of the vertebral col-
umn and following the lower margin of the head of the pan-
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creas (Figs. 517 and 5-18).
Relations

@ Anteriorly: The root of the mesentery of the small intes-
tine, the superior mesenteric vessels contained within it,
and coils of jejunum (Figs. 5-17 and 5-18).

® Posteriorly: The right ureter, the right psoas muscle, the
inferior vena cava, and the aorta (Fig. 5-18).

© Superiorly: The head of the pancreas (Fig. 5-17).

@ Inferiorly: Coils of jejunum.

Fourth Part of the Duodenum The fourth part of the duode-
num is 2 inches (5 cm) long (Figs. 5-17 and 5-18) and runs
upward and to the left to the duodenojejunal flexure. The
flexure is held in position by a peritoneal fold, the ligament
of Treitz, which is attached to the right crus of the dj-
aphragm (Fig. 5-8). Note the position of the duodenal re-
cesses. (See p. 96 )-
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Relations e

e Anteriorly: The beginning c:)l)lhe root of t
and coils of jejunum (Fig. 5-20). \

© Posteriorly: The left margin of the a;;!sa)and
border of the left psoas muscle (Fig. 3

Mucous Membrane and Duodenal Papillae

The mucous membrane of the duodenur; s thick. I
part of the duodenum it issmooth (Fig. 51 )-us e ol
of the duodenum it is thrown into numero
called the plicae dmxlal:&( e
and the main pancreatic duct pi n r
second part is a small, rounded elevation called yteha!:i::lau’zl.
duodenal papilla (Fig. 519). The accessory pan:"er papilla
if present, opens into the duodenum on a sm > papile:

about 3/4 inch (1.9 cm) above the major duoden:

he mesentery

he medial

Blood Supply

Arteries The upper half is supplied by th
creaticoduodenal artery, a branch of the gastro@uoge?r?é
artery (Figs. 5-14 and 5-17). The lower half is supplied by
inferior pancreaticoduodenal artery, a branch of the supe-
rior mesenteric artery.

Veins The superior pancreaticodungnal vein drains
into the portal vein; the inferior vein joins the superior
mesenteric vein (Fig. 5-29).

Lymph Drainage
The lymph vessels follow the arteries and drain (@) up-
ward via pancreaticoduodenal nodes to the gastroduode-
nal nodes and then to the celiac nodes and (b) fiownward
via pancreaticoduodenal nodes to the superior mesen-
teric nodes around the origin of the superior mesenteric
artery.
Nerve Supply
The nerves are derived from sympathetic and parasympa-
thetic (vagus) nerves from the celiac and superior mesen-
teric plexuses.

e superior pan-

Jejunum and lleum
Location and Description

The jejunum and ileum measure about 20 feet (6 m) long,
the upper twoifths of this length being the jejunum. Each
has distinctive features, but there is a gradual change from
one to the other. The jejunum begins at the duodenojejunal
flexure, and the ileum ends at the ileocecal junction.

The coils of jejunum and ileum are freely mobile and are
attached to the posterior abdominal wall by a fan-shaped fold
of peritoneum known as the mesentery of the small intes-
tine (Fig. 5-20). The long free edge of the fold encloses the
mobile intestine. The short root of the fold is continuous with
the parietal peritoneum on the posterior abdominal wall
along a line that extends downward and to the right from the
left side of the second lumbar vertebra to the region of the
right sacroiliac joint. The root of the mesentery permits the en-
trance and exit of the branches of the superior mesenteric

artery and vein, lymph vessels, and nerves into the space be-

tween the two layers of peritoneum forming the mesentery.
In the living the jejunum can be distingui

ileum by the following features: i

1. The jejunum lies coiled in the upper i

1 part of th -

torlleal tc}imtly below the left side of the transverseem‘:fsg-
colon; the ileum is in the lower part of i i

e part of the cavity and in
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superior mesenteric artery
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duodenojejunal flexure

root of mesentery of
small intestine
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-Fim;re st_lmN ,:mar::hnjent of the root of the mesentery of the small intestine to the posterior abdom-
inal wall. No e t ay it ex(engs frqrn the duodenojejunal flexure on left of the aorta downward and
to the right to the ileocecal junction. The superior mesenteric artery lies in the roc;t of the mesentery
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7 The jejunum is wider bored, thicker walled, and redder
than the ileum. The jejunal wall feels thicker because the
permanent infoldings of the mucous membrane, the pli-
cae circulares, are larger, more numerous, and closely
setin the jejunum, whereas in the upper part of the ileum
they are smaller and more widely separated and in the
lower part they are absent (Fig. 5-21).

3. The jejunal mesentery is attached to the posterior ab-
dominal wall above and to the left of the aorta, whereas
the ileal mesentery is attached below and to the right of
the aorta.

4 The jejunal mesenteric vessels form only one or two ar-
cades, with long and infrequent branches passing to the
intestinal wall. The ileum receives numerous short termi-
nal vessels that arise from a series of three or four or even
more arcades (Fig. 5-21).

3. Atthejejunal end of the mesentery, the fat is deposited near
the root and is scanty near the intestinal wall. At the ileal

end of the mesentery the fat is deposited throughout so that
itextends from the root to the intestinal wall (Fig. 521).
Aggregations of lymphoid tissue (Peyer's patches) are
Present in the mucous membrane of the lower ileum
dlong the antimesenteric border (Fig. 5-21). In the living
these may be visible through the wall of the ileum from
the outside.
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Figure 5-21 Some external and internal differences between the jejunum and the ileum.
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Blood Supply

Arteries The arterial supply is from branches of the su-
perior mesenteric artery (Fig. 5-22). The intestinal branches
arise from the left side of the artery and run in the mesentery
to reach the gut. They anastomose with one another to form
a series of arcades. The lowest part of the ileum is also sup-
plied by the ileocolic artery.

Veins The veins correspond to the branches of the su-
perior mesenteric artery and drain into the superior mesen-
teric vein (Fig. 5-29).

Lymph Drainage
The lymph vessels pass through many intermediate mesen-
teric nodes and finally reach the superior mesenteric nodes,

which are situated around the origin of the superior mesen-
teric artery.

Nerve Supply

The nerves are derived from the sympathetic and parasym-
pathetic (vagus) nerves from the superior mesenteric plexus.
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LARGE INTESTINE

The large intestine extends from the ileum to the anus. It s di-

vided into the cecum, appendix, ascending colon, trans-
verse colon, descending colon, and sigmoid colon; the rec-
tum and anal canal are considered in the sections on the
pelvis and perineum. The primary function of the large in-
testine is the absorption of water and electrolytes and the
storage of undigested material until it can be expelled from
the body as feces.

Cecum

Location and Description

The cecum s that part of the large intestine that lies below
the leve] of the junction of the ileum with the large intestine
(Figs. 5:22 and 5.23). It is a blind-ended pouch that is situ-
ated in the right iliac fossa. It is about 2 1/2 inches (6 cm)
l°“8 and is completely covered with peritoneum. It pos-
Sesses a considerable amount of mobility, although it does
Not have 3 mesentery. Attached to its posteromedial surface
S the appendix. The presence of peritoneal folds in the
Yicinity of the cecum (Fig. 5-23) creates the superior ileoce-
:al, the inferior ileocecal, and the retrocecal recesses. (See
96 )-

1 0L, appendicular artery

Figure 5-22 Superior mesenteric artery and its branches. Note that this artery supplies blood to
the gut from halfway down the second part of the duodenum to the distal third of the transverse

middle colic artery
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ileocecal valve

plaall b frenulum of valve

55231 cacum

ste 4 3 vascular fold

ote that the appendicular artery isa branch of the posterior ce-
ndix has been cut to show the peritoneal layers.

Figure 5-23 Cecum and appendix. N
cal artery. The edge of the mesoappe
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As in the colon, the longitudinal muscle is restricted to
three flat bands, the teniae coli, which converge on the
base of the appendix and provide for it a complete longitu-
dinal muscle coat (Fig. 5-23). The cecum is often distended
with gas and can then be palpated through the anterior ab-
dominal wall in the living patient.

The terminal part of the ileum enters the large intestine at
the junction of the cecum with the ascending colon. The
opening is provided with two folds, or lips, which form the

so-called ileocecal valve (see below). The appendix com-
municates with the cavity of the cecum through an opening
located below and behind the ileocecal opening.

Relations

e Anteriorly: Coils of small intestine, sometimes part of the
greater omentum, and the anterior abdominal wall in the
right iliac region.

@ Posteriorly: The psoas and the iliacus muscles, the
femoral nerve, and the lateral cutaneous nerve of the
thigh (Fig. 5-24). The appendix is commonly found be-
hind the cecum.

@ Medially: The appendix arises from the cecum on its me-
dial side (Fig. 5-23).

Blood Supply

Arteries Anterior and posterior cecal arteries form the
ileocolic artery, a branch of the superior mesenteric artery
(Fig. 5-23).

Veins The veins correspond to the arteries and drain
into the superior mesenteric vein.
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inage
[]rﬂ’”’g 2 through several mesenteric nodes
bmﬂ?h vach the superior mesenteric nodes.
1 gally
’:;ﬂsﬂpply the sympa(he(ic and parasympathetic (va-
Mé fr(’Jo"r‘m the superior mesenteric plexus.
e

’a?

| valve ; ;

p"” structure, the ileocecal valve consists of two

Ndif“enmﬁlis of mucous membrane that project around
A atal fO « ileum. The valve plays little or no partin the
of reflux of cecal contents.into the ileum. The cir-
P,,.;d' he lower end of ;he ileum (calh;d the ileo-

m hysiologists) serves as a sphincter and

ok ﬁ’hm;t:; l::,)f’c':por}x'tsems from the ileum into the colon.
‘onuols e muscle tone is reflexly increased when the ce-
m"“og(de‘nded: the hormone gastrin, which is produced
o Bgo *ach, causes relaxation of the muscle tone.

i the
i

gtion and Description

ix (Fig. 5-1) is a narrow, muscular tube containing
W‘ng:::mg lymphoid tissue. It varies in length from 3 to

’ 13 cm). The base is attached to the posterome-
;sur,ace of the cecum about 1 inch (2.5 cm) below the

i ocecal junction (Fig. 5-23). The remainder of the appendix
It has & complete peritoneal covering, which is at-
i to the lower layer of the mesentery of the small intes-
“ Lvashort mesentery of its own, the mesoappendix. The
ndix contains the appendicular vessels and nerves.
-meappendix Jies in the right iliac fossa, and in relation
{he anterior abdominal wall its base is situated one-third
way up the line joining the right anterior superior iliac
e to the umbilicus (McBurney'’s point). Inside the ab-
the base of the appendix is easily found by identify-
ingthe teniae coli of the cecum and tracing them to thg base
ofthe appendix, where they converge to form a continuous
Jongitudinal muscle coat (Figs. 5-22 and 5-23).

Common Positions of the Tip of the Appendix

Thetip of the appendix is subject to a considerable range of

movement and may be found in the following positions: (1)
hanging down into the pelvis against the right pelvic wall,
(2) coiled up behind the cecum, (3) projecting upward
dong the lateral side of the cecum, and (%) in front of or be-
hind the terminal part of the ileum. The first and second po-
sitions are the commonest sites.

Congenital Anomalies

The common congenital anomalies of the appendix are
shown in Figure 5-32.

Blood Supply

Mrteries The appendicular artery is a branch of the pos-
rior cecal artery (Fig. 5-23). It passes to the tip of the ap-
Pendix in the mesoappendix.

"il'_ The appendicular vein drains into the posterior

vein,
lmoh Drainage

Thelymph vessels drain into one or two nodes lying in the

~%9ppendix and then eventually into the superior mesen-
leic nodes, 4
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Nerve Supply

The nerves are derived from sympathetic and parasympathetic
(vagus) nerves from the superior mesenteric plexus. Afferent
nerve fibers concerned with the conduction of visceral pain
from the appendix accompany the sympathetic nerves and en-
ter the spinal cord at the level of the tenth thoracic segment.

Ascending Colon

Location and Description

The ascending colon is about 5 inches (13 cm) long and lies
in the right lower quadrant (Fig. 5-25). It extends upward
from the cecum to the inferior surface of the right lobe of the
liver, where it tumns to the left, forming the right colic flex-
ure, and becomes continuous with the transverse colon.
The peritoneum covers the front and the sides of the as-
cending colon, binding it to the posterior abdominal wall.

Relations

o Anteriorly: Coils of small intestine, the greater omen-
tum, and the anterior abdominal wall (Figs. 5-2 and 5-3).

@ Posteriorly: The iliacus, the iliac crest, the quadratus lum-
borum, the origin of the transversus abdominis muscle,
and the lower pole of the right kidney. The iliohypogastric
and the ilioinguinal nerves cross behind it (Fig. 5-24).
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Figure 5-25 Abdominal cavity showing the terminal part of the ileum, the cecum, the appendix,
the ascending colon, the right colic flexure, the left colic flexure, and the descending colon. Note

the teniae coli and the appendices epiploicae.
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Transverse Colon

Location and Description i
The transverse colon is about 15 inches (38 cm) [:ﬁ?cgal e
extends across the abdomen, occupying e :mri ht lobe
gion. It begins at the right colic flexure below the ergxded by
of the liver (Fig. 5-12) and hangs downward, sus}g 55, It
the transverse mesocolon from the pancreas d l?' n. The
then ascends to the left colic flexure below the sp eeeaﬁd .
left colic flexure is higher than the right colic llexufuc liga-
suspended from the diaphragm by the phrenic

ment (Fig. 5-25).
The( 8 ) y of the trans-

verse colon, suspends the transverse colon from the ?{“::;
border of the pancreas (Fig. 5-5). The mesentery Is & ha

to the superior border of the transverse colon, and t ip“’:'
terior layers of the greater omentum are attached to the
ferior border (Fig. 5-5). Because of the length of the trans-
verse mesocolon, the position of the transverse colon is ex-
tremely variable and may sometimes reach down as far as

the pelvis.

! or

Relations
e Anteriorly: The greater omentum and the.anterior ab-
dominal wall (umbilical and hypogastric regions) (Fig. 5

° PoQteriorly: The second part of the duodenum, lheAhead
of the pancreas, and the coils of the jejunum and ileum

(Fig. 5-25).
Blood Supply

Arteries The proximal two-thirds is supplied by Fhe mid-
dle colic artery, a branch of the superior mesenteric artery
(Fig. 5-22). The distal third is supplied by the left colic artery,
a branch of the inferior mesenteric artery (Fig. 5-26).

Veins The veins correspond to the arteries and drain
into the superior and inferior mesenteric veins.

Lymph Drainage

7he proximal two-thirds drains into the colic nodes and then
into the superior mesenteric nodes; the distal third drains
into the colic nodes and then into the inferior mesenteric
nodes.

Nerve Supply

The proximal two-thirds is innervated by sympathetic and
vagal nerves through the superior mesenteric plexus; the
distal third is innervated by sympathetic and parasympa-
thetic pelvic splanchnic nerves through the inferior mesen-
teric plexus.

Descending Colon

Location and Description

The descending colon isabout 10 inches (25 cm) long and lies
in the left upper and lower quadrants (Fig. 525). It extends
downward from the left colic flexure, to the pelvic brim, where
it becomes continuous with the sigmoid colon. (For the sig-
moid colon, see p.253 ) The peritoneum covers the front and
the sides and binds it to the posterior abdominal wall.
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Figure 5-26 Inferi_or mesenteric artery and its branches. Note that this artery supplies the large
bowel from the distal third of the transverse colon to halfway down the anal canal. It anastomoses
with the middle colic branch of the superior mesenteric artery (arrow).
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Relations

o Anteriorly: Coils of small intestine, the greater omen-
tum, and the anterior abdominal wall (Figs. 52 and 5-3).

o Posteriorly: The lateral border of the left kidney, the ori-
gin of the transversus abdominis muscle, the quadratus
lumborum, the iliac crest, the iliacus, and the left psoas.
The iliohypogastric and the ilioinguinal nerves, the lateral
cutaneous nerve of the thigh, and the femoral nerve (Fig.
5-24) also lie posteriorly.

Blood Supply

_ Arteries The left colic and the sigmoid branches of the
inferior mesenteric artery (Fig. 5-26).

~ Veins The veins correspond to the arteries and drain
into the inferior mesenteric vein.

Lymph Drainage

Colic lymph nodes and the inferior mesenteric nodes
around the origin of the inferior mesenteric artery.

Nerve Supply

Sympathetic and parasympathetic pelvic splanchnic
nerves through the inferior mesenteric plexus.
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BLOOD SUPPLY OF THE GASTROINTESTINAL TRACT

Arterial Supply
The arterial supply to the gut and its relationship to the de-
velopment of the different parts of the gut are illustrated di-
agrammatically in Figure 527. The celiac artery is the artery
of the foregut and supplies the gastrointestinal tract from
the lower one-third of the esophagus down as far as the
middle of the second part of the duodenum. The superior
mesenteric artery is the artery of the midgut and supplies
the gastrointestinal tract from the middle of the second part
of the duodenum as far as the distal one-third of the trans-
verse colon. The inferior mesenteric artery is the artery of
the hindgut and supplies the large intestine from the distal
one-third of the transverse colon to halfway down the anal
canal.

Celiac Artery

The celiac artery or trunk is very short and arises from the com-
mencement of the abdominal aorta at the level of the twelfth
thoracic vertebra (Fig. 5-14). It is surrounded by the celiac
plexus and lies behind the lesser sac of peritoneum. It has three
terminal branches: the left gastric, splenic, and hepatic arteries.
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GastricArtery  The small left gastric artery runsto the car-
¢ end of the stomach, gives off a few esophageal branches,
di 1 tUmSto the r?ght alor_)g the lesser curvatyre of the stomach;
;{’:n stomoses with the right gastric artery (Fig. 5-14).

splenic Artery The large splenic artery runs to the left in
course along the upper border of the pancreas and
d the stomach (Fig. 5-12). On reaching the left kidney

awa

hin : &
rtery enters the splenicorenal ligament anq ru

;?ﬁ‘; of the spleen (Fig. 5-13). nsto the

’MC'I”

ﬁeaﬁc branches.

: The left gastroepiploic artery arises near the hilum of

“ ihe spleen and reaches_ the greater curvature of the stom-
ach in the gastrosplenic omentum. [t passes to the right
along the greater curvature of the stomach between the
Jayers of the greater omentum. It anastomoses with the
right gastroepiploic artery (Fig. 5-14),
The short gastric arteries, five or six in number, arise

" from the end of the splenic artery and reach the fundus
of the stomach in the gastrosplenic omentum. They anas-
tomose with the left gastric artery and the Jeft gastroepi-
ploic artery (Fig. 5-14).

Hepatic Artery The medium-sized hepatic artery* runs
forward and to the right and then ascends between the lay-
ers of the lesser omentum (Figs. 57 and 5-13). It Jies in front
of the opening into the lesser sac and is placed to the left of
the bile duct and in front of the portal vein, At the porta hep-
atis it divides into right and left branches to supply the cor-
responding lobes of the liver.

Branches

;’
|
|
}

———

|| Theright gastric artery arises from the hepatic artery at
, the upper border of the pylorus and runs to the left in the

lesser omentum along the lesser curvature of the stom-
ach. It anastomoses with the left gastric artery (Fig. 5-14).
2. The gastroduodenal artery is a large branch that de-
scends behind the first part of the duodenum. It divides
into the right gastroepiploic artery that runs along the
greater curvature of the stomach between the layers of
the greater omentum and the superior pancreatico-
duodenal artery that descends between the second
part of the duodenum and the head of the pancreas (Figs.
512and 5-14).
3. Theright and left hepatic arteries that enter the porta hep-
atis. The right hepatic artery usually gives off the cystic
artery, which runs to the neck of the gallbladder (Fig. 5-34).

Superior Mesenteric Artery

The superior mesenteric artery supplies the distal part of the
duodenum, the jejunum, the ileum, the cecum, the ap-
pendix, the ascending colon, and most of the transverse
colon. It arises from the front of the abdominal aorta just be-
low the celiac artery (Fig. 5-22) and runs downward and to
the right behind the neck of the pancreas and in front of the
third part of the duodenum. It continues downward to the
Tight between the layers of the mesentery of the small intes-
tine and ends by anastomosing with the ileal branch of its
oWn ileocolic branch.

\

*For purposes of description, the hepatic artery is sometimes divided
Mo the common hepatic artery, which extends from its origin to
the gastroduodenal branch, and the hepatic artery proper, which
sthe remainder of the artery.
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Branches

| The inferior pancreaticoduodenal artery passes t0
the right as a single or double branch along the upper
border of the third part of the duodenum and the r?e_ad_ of
the pancreas. It supplies the pancreas and the adjoining
part o1 tie duodenum.

2. The middle colic artery runs forwal
mesocolon to supply the transverse c
into right and left branches. ? 5

3. The right colic artery is often a branch of (he.IIBOCOIIC
artery. It passes to the right to supply the ascending colon
and divides into ascending and descending branches.

4. The ileocolic artery passes downwa
It gives rise to a superior b
the right colic artery and an inferior branch that anas-
tomoses with the end of the superior mesenteric artery.
The inferior branch gives rise to the anterior and poste-
rior cecal arteries; the appendicular artery is @
branch of the posterior cecal artery (Fig. 523).

5. Jejunal and ileal branches. These branches are 12to
15 in number and arise from the left side of the superior
mesenteric artery (Fig. 5-22). Each artery divides into two
vessels, which unite with adjacent branches to fqrm ase-
ries of arcades. Branches from the arcades dlynde and
unite to form a second, third, and fourth series of ar-
cades. Fewer arcades supply the jejunum compared with

the ileum. From the terminal arcades, small straight ves-

sels supply the intestine.

rd in the transverse
olon and divides

Inferior Mesenteric Artery
The inferior mesenteric artery supplies the distal third of the
transverse colon, the left colic flexure, the descending
colon, the sigmoid colon, the rectum, and the upper half of
the anal canal. It arises from the abdominal aorta about 1
1/2 inches (3.8 cm) above its bifurcation (Fig. 5-26). The
artery runs downward and to the left and crosses the left
common iliac artery. Here, it changes its name and be-
comes the superior rectal artery.
Branches
1. The left colic artery runs upward and to the left and sup-
plies the distal third of the transverse colon, the left colic
flexure, and the upper part of the descending colon. It di-
vides into ascending and descending branches.

2. The sigmoid arteries are two or three in number and
supply the descending and sigmoid colon.

3. The superior rectal artery is a continuation of the infe-
rior mesenteric artery as it crosses the left common iliac
artery. It descends into the pelvis behind the rectum. The
artery supplies the rectum and upper half of the anal
canal and anastomoses with the middle rectal and infe-
rior rectal arteries.

Marginal Artery

The anastomosis of the colic arteries around the concave
margin of the large intestine forms a single arterial trunk
called the marginal artery. This begins at the ileocecal junc-
tion, where it anastomoses with the ileal branches of the su-
perior mesenteric artery, and it ends where it anastomoses
less freely with the superior rectal artery (Fig. 5-26).
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P duodenum

Venous Drainage

The venous blood from the greater part of the e
nal tract and its accessory organs drains to the liver by the
ponal yenous system.

The proximal tributaries drain directly into the porta]
yein, but the veins forming the distal tributaries correspond
othe branches of the celiac artery and the superior and in-
ferior mesenteric arteries,

Portal Vein

This important vein (Fig. 5-29) drains blood from the ab-
dominal part of the gastrointestinal tract from the lower
third of the esophagus to halfway down the anal canal: it
also drains blood from the spleen, pancreas, and gallblad-
der. The portal vein enters the liver and breaks up into sinu-
soids, from which blood passes into the hepatic veins that
join the inferior vena cava. The portal vein is about 2 inches
(5em) long and is formed behind the neck of the pancreas
by the union of the superior mesenteric and splenic veins
(Fig. 5:28). It ascends to the right, behind the first part of the
duodenum, and enters the lesser omentum (Figs. 5-7 and 5-
13). It then runs upward in front of the opening into the
Iessersac to the porta hepatis, where it divides into right and
leftterminal branches,

The portal circulation begins as a capillary plexus in the
Organs it drains and ends by emptying its blood into sinu-
soids within the liver,

Forthe relations of the portal vein in the lesser omentum,
see chap 3.

Tributarios of the Portal Vein The tributaries of the portal

t";‘" are the splenic vein, superior mesenteric vein, left gas-
Cvein, right gastric vein, and cystic veins.

! Splenic vein, Ths vein leaves the hilum of the spleen
nd passes (o the right in the splenicorenal ligament |y|’ng
OW the splenic artery. It unites with the superior
fieric vein behind the neck of the pancreas to form
Portal vein (Fig. 5-28). It receives the short gastric, .lef!
iploic, inferior mesenteric, and pancreatic veins.
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Inferior mesenteric vein. This vein ascends on the pos-
terior abdominal wall and joins the splenic vein behin<
the body of the pancreas (Fig. 5-28). It receives the supe-
rior rectal veins, the sigmoid veins, and the left colic vein.
Superior mesenteric vein. This vein ascends in the root
of the mesentery of the small intestine on the right side of
the artery. It passes in front of the third part of the duode-
num and joins the splenic vein behind the neck of the
pancreas (Fig. 5-28). It receives the jejunal, ileal, ileo-
colic, right colic, middle colic, inferior pancreaticoduo-
denal, and right gastroepiploic veins.

4. Left gastric vein. This vein drains the left portion of the
lesser curvature of the stomach and the distal part of the
esophagus. It opens directly into the portal vein (Fig. 5-29).

5. Right gastric vein. This vein drains the right portion of
the lesser curvature of the stomach and drains directly
into the portal vein (Fig. 5-29).

6. Cystic veins. These veins either drain the gallbladder di-

rectly into the liver or join the portal vein (Fig. 5-29).

@

Portal-Systemic Anastomoses

Under normal conditions the portal venous blood traverses
the liver and drains into the inferior vena cava of the systemic
venous circulation by way of the hepatic veins. This is the di-
rect route. However, other, smaller communications exist be-
tween the portal and systemic systems, and they become im-
portant when the direct route becomes blocked (Fig. 5-30).

L2

These communications are as follows:

At the lower third of the esophagus, the esophageal
branches of the left gastric vein (portal tributary) anasto-
mose with the esophageal veins draining the middle third
of the esophagus into the azygos veins (systemic tributary).
Halfway down the anal canal, the superior rectal veins
(portal tributary) draining the upper half of the anal
canal anastomose with the middle and inferior rectal
veins (systemic tributaries), which are tributaries of
the internal iliac and internal pudendal veins, respec-
tively.

The paraumbilical veins connect the left branch of the
portal vein with the superficial veins of the anterior ab-
dominal wall (systemic tributaries). The paraumbilical
veins travel in the falciform ligament and accompany the
ligamentum teres.

. The veins of the ascending colon, descending colon,

duodenum, pancreas, and liver (portal tributary) anasto-
mose with the renal, lumbar, and phrenic veins (systemic
tributaries).

DIFFERENCES BETWEEN THE SMALL AND LARGE
INTESTINE

External Differences (Fig. 5-31)

SN

o+

The small intestine (with the exception of the duode-
num) is mobile, whereas the ascending and descending
parts of the colon are fixed.

The caliber of the full small intestine is normally smaller
than that of the filled large intestine.

. The small intestine (with the exception of the duode-

num) has a mesentery that passes downward across the
midline into the right iliac fossa.

. The longitudinal muscle of the small intestine forms a
continuous layer around the gut. In the large intestine
(with the exception of the appendix) the longitudinal
muscle is collected into three bands, the teniae coli.
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5. The small intestine has no fatty tags attached to its wall. The
Jarge intestine has fatty tags, called the appendices epi-
ploicae.

6. The wall of the small intestine is smooth, whereas that of

the large intestine is sacculated.

Internal Differences (Fig. 5-31)

I The mucous membrane of the small intestine has perma-
nent folds, called plicae circulares, which are absent in
the large intestine.

% The mucous membrane of the small intestine has villi,
Which are absent in the large intestine.

3 Aggregations of lymphoid tissue called Peyer’s patches

e found in the mucous membrane of the small intes-

line;these are absent in the large intestine.

COMMON CONGENITAL ANOMALIES OF THE
GASTROINTESTINAL TRACT

‘S°'."° of the more common congenital anomalies of the g2
"intestinal tract are shown in Figure 5-32.
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Figure 5-31 Some external and internal differences between the small and large intestine.
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Figure 5-32 Some genital lies of the intestinal tract. 1-3. Congenital atresias of
the small i ine. 4. Diverti of the duod or jej . 5. Mesenteric cyst of the small

i ine. 6. Ab of the appendix. 7. Double appendix. 8. Malrotation of the gut, with the ap-
pendix lying in the left iliac fossa. For Meckel's diverticulum, see Figure 4-32.
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1S SO allQG pAIGALAS @il ULCUPICS the
al cavity just ch{uulh the diaphragm (Fig. 5.1

o 1t of the liver is situated under cmfer of thgé «T])-
mcinnlm"s'i"' and the ﬁgl}l hemidiaphragm Separates it ;:ghl
o8 |l ‘um..“'"gs' pcricurdlum: and heart. The liver exiendfnn
l!“‘"_“ to reach the left hemidiaphragm. The convex 2
tht‘_'l" ., of the liver is molded to the undersurface of the dl:)pper
SX,MJtLiiﬂl""agm The posteroinferior, or viscera] surf:]%
Jf the |:18d to adjacent viscera and is therefore B

The liver
he abdomin
¥ ater pa

upper part of

¢

A irregular j

< mo . r

is "“,» it lies in contact with the abdominal part of lhs csopl:

Sh‘],txr.ht’ stomach, the duodenum, the right colic flexure, the
R s

a8 & ey and suprarenal gland, and the gallbla

nﬂf%)l:(::‘\ or may be divided into a large ?‘lght ch::,e‘:.and a
nall left Jobe by the atla?l.'nment ol~the peritoneum of the
;:Icifoﬂ" ligament (Fig. 5-33). The right lobe is further gj.
‘ ed into a quadrate lobe and a caudate lobe by (pe
vi *cence of the gallbladder, the fissure for the ligamentum
eres, the inferior vena cava, and the fissure for the ligamen-
i venosum. Experiments have shown that, in fact, the
Jadrate and caudate Iobgs are a functional part of the left
ﬁ;be of the liver. Thus, the_ rightand left branches of the he
atic artery and portal vein, and the right and left hepatic
ducts, are distributed to the right lobe and the left lobe (plus
quadrate plus caudate _lobes), respectively, Apparently the
o sides overlap very little.

The porta hepatis, or hilum of the liver, is found on
the posteroinferior sur_face and lies between the caudate
and quadrate lobes (Fig. 5-33). The upper part of the free
edge of the lesser omentum is attached to its margins. In it
jie the right and left hepatic ducts, the right and left
pranches of the hepatic artery, the portal vein, and sym-

pathetic and parasympathetic nerve fibers (Fig. 5-34). A
few hepatic lymph nodes lie here; they drain the liver and
gallbladder and send their efferent vessels to the celiac
lymph nodes.

The liver is completely surrounded by a fibrous capsule
but only partially covered by peritoneum. The liver is made
up of liver lobules. The central vein of each lobule is a
wributary of the hepatic veins. In the spaces between the
lobules are the portal canals, which contain branches of
the hepatic artery, portal vein, and a tributary of a bile duct
(portal triad). The arterial and venous blood passes be-
tween the liver cells by means of sinusoids and drains into
the central vein.

Important Relations

o Anteriorly: Diaphragm, right and left costal margins,
right and left pleura and lower margins of bplh lungs,
xiphoid process, and anterior abdominal wall in the sub-
costal angle. d

o Posteriorly: Diaphragm, right kidney, hepatic flexure of

the colon, duodenum, gallbladder, inferior vena cava,

and esophagus and fundus of the stomach.

Peritoneal Ligaments of the Liver

The falciform ligament, which is a two-layered fold of the
Peritoneum, ascends from the umbilicus to the liver (Figs. 5
8and 5:33). It has a sickle-shaped free margin that contains
e !igamentum teres, the remains of the umbilical vein. The
!alc.'b"“ ligament passes on to the anterior and then the su-
Deno.r surfaces of the liver and then splits into two layers.
€tight layer forms the upper layer of the coronary liga-
ent; the left layer forms the upper layer of the left trian-
ligament (Fig. 5-33). The right extremity of the coro-
i ligament is known as the right triangular ligament of
i € lver, |t should be noted that the peritoneal layers form-
iy € coronary ligament are widely separated, leaving an
lo 2t liver devoid of peritoneum. Such an area is referred
%4 “bare

" area of the liver (Fig. 5-33).
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Figure 5-33 Liver as seen from in front (A), from above (B), and from behind (C). Note the position
of the peritoneal reflections, the bare areas, and the peritoneal ligaments.
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The ligamentum teres passes into a fissure on the vis-
ceral surface of the liver and joins the left branch of the por-
tal vein in the porta hepatis (Figs. 5-29 and 5-33). The liga-
mentum venosum, a fibrous band that is the remains of the
dqctus venosus, is attached to the left branch of the portal
vein and ascends in i fissure on the visceral surface of the
liver to be attached above to the inferior vena cava (Figs. 5-
29 and 5-33). In the fetus, oxygenated blood is brought to t.he
liver in the umbilical vein (ligamentum teres). The greater
proportion of the blood bypasses the liver in the ductus

venosus (ligamentum venosum) and joins the inferior vena

cava. At birth, the umbilical vein and ductus venosus clo:

and become fibrous cords. =2
The lesser omentum arises from the edges

hepatis and the fissure for the ligamentum ve::)g:ﬁnpong

passes down to the lesser curvature of the stomach (Fig. s-azg)
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Blood Supply

Arteries

The hepatic artery, a branch of the celiac artery, divides into
right and left terminal branches that enter the porta hepatis.

Veins

The portal vein divides into right and left terminal branches
that enter the porta hepatis behind the arteries. The hepatic
veins (three or more) emerge from the posterior surface of
the liver and drain into the inferior vena cava.

Blood Circulation Through the Liver

The blood vessels (Fig. 5-34) conveying blood to the liver
are the hepatic artery (30%) and portal vein (70%). The hep-
alic artery brings oxygenated blood to the liver, and the por-
tal vein brings venous blood rich in the products of diges-
tion, which have been absorbed from the gastrointestinal
tract. The arterial and venous blood is conducted to the cen-
tral vein of each liver lobule by the liver sinusoids. '_l'he cen-
tral veins drain into the right and left hepatic veins, and
these leave the posterior surface of the liver and open di-
rectly into the inferior vena cava.

Lymph Drainage

Th? liver produces a large amount of lymph—about one-
third to one-half of all body lymph. The lymph vessels leave
the liver and enter several lymph nodes in the porta hepatis.

¢ efferent vessels pass to the celiac nodes. A few vessels
Pass from the bare area of the liver through the diaphragm
0 the posterior mediastinal lymph nodes.
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Figure 5-35 Attachment of the lesser omentum to the
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Nerve Supply

Sympathetic and parasympathetic nerves form the celia'c
plexus. The anterior vagal trunk gives rise to a large hepatic
branch, which passes directly to the liver.

BILE DUCTS OF THE LIVER

Bile is secreted by the liver cells, stored, and concentrated
in the gallbladder; later it is delivered to the duodenum. The
bile ducts of the liver consist of the right and left hepatic
ducts, the common hepatic duct, the bile duct, the gall-
bladder, and the cystic duct.

The smallest interlobular tributaries of the bile ducts are
situated in the portal canals of the liver; they receive the bile
canaliculi. The interlobular ducts join one another to form
progressively larger ducts and, eventually, at the porta hep-
atis, form the right and left hepatic ducts. The right hepatic
duct drains the right lobe of the liver and the left duct drains
the left lobe, caudate lobe, and quadrate lobe.

Hepatic Ducts

The right and left hepatic ducts emerge from the right and
left lobes of the liver in the porta hepatis (Fig. 5-34). After a
short course the hepatic ducts unite to form the common
hepatic duct (Fig. 5-36).

The common hepatic duct is about 1 1/2 inches (4 cm)
long and descends within the free margin of the lesser
omentum. It is joined on the right side by the cystic duct
from the gallbladder to form the bile duct (Fig. 5-36).
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Bile Duct

The bile duct (common bile duct) is about 3 inches (8 cm)
long. In the first part of its course it lies in the right free margin
of the lesser omentum in front of the opening into the lesser
sac. Here it lies in front of the right margin of the portal vein
and on the right of the hepatic artery (Fig. 5-13). In the second
part of its course it is situated behind the first part of the duo-
denum (Fig. 5-7) to the right of the gastroduodenal artery (Fig.
512). In the third part of its course it lies in a groove on the pos-
terior surface of the head of the pancreas (Fig. 5-36). Here, the
bile duct comes into contact with the main pancreatic duct.
The bile duct ends below by piercing the medial wall _of
the second part of the duodenum about half\.ﬂay down IFS
length (Fig. 5-37). 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 f')y means of a smal_l
papilla, the major duodenal papilla (Fig. 537). The ":j"g"
nal parts of both ducts and the ampulla are surroundg g
circular muscle, known as the sphincter of 0Oddi (Fig. %
37). Occasionally, the bile and pancreatic ducts OpiffnhSeI;r_
ately into the duodenum. The common variations o 3;3 is
fangement are shown diagrammatically in Figure 5-38.
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Gallbladder

Location and Description

The gallbladder is a pearshaped sac lying on the under-
surface of the liver (Figs. 5-33 and 5-36). It has a capacity of
about 30 to 50 mL and stores bile, which it concentrates by
absorbing water. For descriptive purposes the gallbladder
is divided into the fundus, body, and neck. The fundus is
rounded and usually projects below the inferior margin of
the liver, where it comes in contact with the anterior ab-
dominal wall at the level of the tip of the ninth right costal
cartilage. The body lies in contact with the visceral surface
of the liver and is directed upward, backward, and to the
left. The neck becomes continuous with the cystic duct,
which turns into the lesser omentum to join the right side
of the common hepatic duct, to form the bile duct (Fig. 5-
36).
The peritoneum completely surrounds the fundus of the
gallbladder and binds the body and neck to the visceral sur-
face of the liver.

Relations

@ Anteriorly: The anterior abdominal wall and the inferior
surface of the liver (Fig. 5-2).

e Posteriorly: The transverse colon and the first and sec-
ond parts of the duodenum (Fig. 5-36).

Function

The gallbladder serves as a reservoir for bile. It has the abil-
ity to concentrate the bile, and to aid this process the mu-
cous membrane is thrown into permanent folds that unite
with each other, giving the surface a honeycombed appear-
ance. The columnar cells lining the surface also have ny-
merous microvilli on their free surface.
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Bile is delivered to the duodenum as the result of con-
traction and partial emptying of the gallbladder. This mech-
anism is initiated by the entrance of fatty foods into the
duodenum. The fat causes release of the hormone chole-
cystokinin from the mucous membrane of the duodenum;
the hormone then enters the blood, causing the gallbladder
[0 contract. At the same time the smooth muscle around the
distal end of the bile duct and the ampulla is relaxed, thus
allowing the passage of concentrated bile into the duode-
num. The bile salts in the bile are important in emulsifying
the fat in the intestine and in assisting with its digestion and
absorption.

Blood Supply
Arteries Cystic artery, a branch of the right hepatic
artery (Fig. 5-34).
Veins The cystic vein drains directly into the portal vein.
Several very small arteries and veins also run between
the liver and gallbladder.
Lymph Drainage
The lymph drains into a cystic lymph node sntuar:ede :;al;
the neck of the gallbladder. From here the Iym;) hve e
Pass to the hepatic nodes along the course of the hep
artery and then to the celiac nodes.
Nerve Supply )
Sympathetic and parasympathetic vagal fibers forr::) tth:
¢eliac plexus. The gallbladder contracts in respgnsteh piie
Ormone cholecystokinin, which is produced. Zl g o2
£0us membrane of the duodenum on the arriv
food from the stomach.
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Cystic Duct s
The cystic duct is about 1 1/2 inches (3.8 cmlzﬂl::[% oo
connects the neck of the gallbladder to the Caally SpeS
atic duct to form the bile duct (Fig. 53°)- It u;i‘;tance e
what S shaped and descends for an\::r:ble

i in of the lesser ome! 5 oy o
"Rf_};’e'e;:::zrﬁs nowmbrane of the cy.’s!ic qugf:f;;siendt}:e
form a spiral fold that is continuous witha sulmknown 1 e
neck of the gallbladder. The fold is ct_ammon y] o
“spiral valve.” The function of the spiral valve is

lumen constantly open.

PANCREAS

Location and Description : i
The pancreas is both an exocrine and an endo<:r'll‘it?c’!;:a:l"la~l
The exocrine portion of the gland produces a secre:l b and
contains enzymes capable of hydrolyzing plO!ell:lS. thae
carbohydrates. The er:giocrine ;;]omcr)ln r(:'f‘ ?: élaﬂ 3 and
of Langerhans, produces the hol £
glucagoi, which play a key role in carbohydrate m?tattl’:l':mi;

The pancreas is an elongated structure that lies mb ? tgd
gastrium and the left upper quadrant. Itis softand lobu athe
and situated on the posterior abdominal wall behind
peritoneum. It crosses the transpyloric plqne. The pancreas
is divided into a head, neck, body, and tail (Fig. 539).

The head of the pancreas is disc shaped and lies within
the concavity of the duodenum (Fig. 5-39)- A part of the
head extends to the left behind the superior mesenteric ves-
sels and is called the uncinate process.

The neck is the constricted portion of the pancreas anjd
connects the head to the body. It lies in front of .the begin-
ning of the portal vein and the origin of the superior mesen-
teric artery from the aorta (Fig. 5-17).

The body runs upward and to the left across the midline
(Fig. 5-12). It is somewhat triangular in cross section.

The tail passes forward in the splenicorenal ligament and
comes in contact with the hilum of the spleen (Fig. 5-12).

Relations

e Anteriorly: From right to left: the transverse colon and
the attachment of the transverse mesocolon, the lesser
sac, and the stomach (Figs. 55 and 5-12).

@ Posteriorly: From right to left: the bile duct, the portal
and splenic veins, the inferior vena cava, the aorta, the
origin of the superior mesenteric artery, the left psoas
muscle, the left suprarenal gland, the left kidney, and the
hilum of the spleen (Figs. 5-12 and 5-18).

Pancreatic Ducts

The main duct of the pancreas begins in the tail and runs
the length of the gland, receiving numerous tributaries on
the way (Fig. 5-39). It opens into the second part of the duo-
denum at about its middle with the bile duct on the major
duodenal papilla (Fig. 5-37). Sometimes the main duct
drains separately into the duodenum.

The accessory duct of the pancreas, when present,
drains the upper part of the head and then opens into the
duodenum a short distance above the main duct on
nor duodenal papilla (Figs. 537 and 5-39). The acct:h;s.om.
duct frequently communicates with the main duct. ¥
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SPLEEN

Location and Description

The spleen is reddish and is the largest single mass of lym-
phoid tissue in the body. It is oval shaped and has a notched
anterior border. It lies just beneath the left half of the di-
aphragm close to the ninth, tenth, and eleventh ribs. The
long axis lies along the shaft of the tenth rib, and its lower
pole extends forward only as far as the midaxillary line and
cannot be palpated on clinical examination (Fig. 540).

The spleen is surrounded by peritoneum (Figs. 54 and 5
40), which passes from it at the hilum as the gastrosplenic
omentum (ligament) to the greater curvature of the stom-
ach (carrying the short gastric and left gastroepiploic ves-
sels). The peritoneum also passes to the left kidney as the
splenicorenal ligament (carrying the splenic vessels and the
tail of the pancreas).

notched anterior border Al LY B

spleen  Jlslal)

Figure 5-40 Spleen, with its notched anterior border, and its relation to adjacent structure.
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Relations
: The stomach, the tail
S /\n"‘»ﬂ"ﬂ),' mach, ail of the pancreas. -
the left colic flexure, The left kidney lies ;,1'«,T|;('i:§%ldr-'d
border (Figs. 512 and 5-13). 8 lis medial
: The diaphragm; the le ”
o p,,,u-r!orly phragm; the left pleura (left costod;
aphragmatic recess); the left lung; and the himhwtsemdl-
and eleventh ribs (Figs. 5-13 and 540), biiEnthy

glood Supply

Arteries

Large splenic antery, which is the largest branch of the celiac
artery. It has a tortuous course as itruns along the upper bor.
der of the pancreas. The splenic artery then divides into
about six branches, which enter the spleen at the hilum

Veins

The splenic vein leaves the hilum and runs behind ot
and the body of the pancreas, Behind the neck of the o
creas the splenic vein joins the superior mesenteric vein to
form the portal vein.

Lymph Drainage

The lymph vessels emerge from the hilum and pass through
a few lymph nodes along the course of the splenic artery
and then drain into the celiac nodes.

Nerve Supply

The nerves accompany the splenic artery and are derived
from the celiac plexus.

Retroperitoneal Space

The retroperitoneal space lies on the posterior abdominal
wall behind the parietal peritoneum. It extends from the
welfth thoracic vertebra and the twelfth rib to the sacrum
and the iliac crests below (Fig. 541).

The floor or posterior wall of the space is formed from me-
dial to lateral by the psoas and quadratus lumborum muscles
and the origin of the transversus abdominis muscle. Each of
these muscles is covered on the anterior surface by a definite
Jayer of fascia. In front of the fascial layers is a variable amount
of fatty connective tissue that forms a bed for the suprarenal
glands, the kidneys, the ascending and descending parts of the
colon, and the duodenum. The retroperitoneal space also
contains the ureters and the renal and gonadal blood vessels.

Urinary Tract
KIDNEYS

Location and Description
The two kidneys function to excrete most of the waste prod-
uets of metabolism. They play a major rolein conlroilling t_he
waler and electrolyte balance within the body and in main-
taining the acid-base balance of the blood. The waste prod-
ucts leave the kidneys as urine, which passes down the
ureters to the urinary bladder, located within the pelvis.
The urine leaves the body in the urethra. : .
The kidneys are reddish-brown and lie behind the per-
toneum high up on the postenor abdominal wall on either
side of the vertebral column; they are largely under cover ol
the costal margin (Fig. 542). The right kidney lies shgh:\l}'
lower than the left kidney because of the large size of the
right lobe of the liver. With contraction of the dl'aphrag:‘i-
during respiration, both kidneys move downward in a Zgial
cal direction by as much as 1 inch (2.5 cm)- Onthe ":,‘ s
concave border of each kidney is 3 vertical Sll[ll‘edathe
bounded by thick lips of renal substance and is ¢&
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hilum (Fig. 5-43). The hilum extends into 2 la'gl;:m?;
o o the venal sinus. The hilum transmits. oM JC
backward, the renal vein, tWo branches of the ren:l anéry
the ureter, and the third branch of meb:::also pass
(V.AUA)). Lymph vessels and sympathetic fi
through the hilum.
Coverings

The kidneys have the following ¢!

1. Fibrous capsule: This surro
closely applied to its outer surface. :

2. Perirenal fat: This covers the fibrous capsu e-('ve e

3. Renal fascia: Thisisa condensation of connec i L
that lies outside the perirenal fat ar!d encl?sfsm“ g
neys and suprarenal glands; it is continuous laterally

the fascia transversalis. 5 *
4. Pararenal fat: Thislies extemal totherenal hxf:l?‘ne:l Sf:'_f-
ten in large quantity. It forms part of the retroperito!
The perirenal fat, renal fascia, ar}d pararenal fat sug'p:tl:
the kidneys and hold them in position on the postert
dominal wall.

overings (Fig: 543).
unds the kidney and is

Renal Structure

Each kidney has a dark brown outer cortex and a light
brown inner medulla. The medulla is composed of abouta
dozen renal pyramids, each having its base onen.led to-
ward the cortex and its apex, the renal papilla, projecting
medially (Fig. 543). The cortex extends into the medulla Pe—
tween adjacent pyramids as the renal columns. Extendlng
from the bases of the renal pyramids into the cortex are stri-
ations known as medullary rays.

The renal sinus, which is the space within the hilum, con-
tains the upper expanded end of the ureter, the re:
pelvis. This divides into two or three major calyces, each
of which divides into two or three minor calyces (Fig. 5-
43). Each minor calyx is indented by the apex of the renal
pyramid, the renal papilla.

p lations, Right Kidney

e Anteriorly: The suprarenal gland, the liver, the second
part of the duodenum, and the right colic flexure (Figs. 5-
12 and 544).

@ Posteriorly: The diaphragm; the costodiaphragmatic re-
cess of the pleura; the twelfth rib; and the psoas, quadra-
tus lumborum, and transversus abdominis muscles. The
subcostal (T12), iliohypogastric, and ilioinguinal nerves
(L1) run downward and laterally (Fig. 5-24).

Important Relations, Left Kidney

@ Anteriorly: The suprarenal gland, the spleen, the stom-
ach, the pancreas, the left colic flexure, and coils of je-
junum (Figs. 5-12 and 544).

@ Posteriorly: The diaphragm; the costodiaphragmatic re-
cess of the pleura; the eleventh (the left kidney is higher)
and twelfth ribs; and the psoas, quadratus lumborum
'alpdh transversus abdominis muscles. The subcostal (T 12),
iliohypogastric, and ilioinguinal nerv .
ward and laterally (Fig. 5-2841)]. e

Note that many of the structures are directly i

. ; tly in con
with the kxdpeys, whereas others are separateg by visc:earzi
layers of peritoneum. For details, see Figure 544
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Figure 5-41 Retroperitoneal space. A, Structures present on the poslnr!or abdommal wall behind
the peritoneum. B. Transverse section of the posterior abdominal wall in the
retroperitoneal space as seen from balow.
A Gl Jand e gl (B) . shieall GilS (ALY Gl s (o 554D ) (A) el S il 1(41-5) Jea
LJua Oa s A LS liuall GilS Gial) A Sasasall A el

T i) dgadt ; uslind Juadl!
k.



A\

A3 U right ureter

2l Alaall PSO3S

b

1

a

-

z

e :

=
é‘f—a =

2,41 et urinary bladder

Figure 5-42 Posterior abdominal wall showing th

three sites where the ureter is narrowed.
A el (3 Sl () pl 25
Blood Supply

Arteries
The renal artery arises from the aorta at the level of the sec-
ond lumbar vertebra. Each renal artery usually divides into
five segmental arteries that enter the hilum of the kidney,
four in front and one behind the renal pelvis. They are dis-
tributed to different segments or areas of the kidney. Lobar
arteries arise from each segmental artery, one for each re-
nal pyramid. Before entering the renal substance, each lo-
bar artery gives off two or three interlobar arteries (Fig. 5-
43). The interlobar arteries run toward the cortex on each
side of the renal pyramid. At the junction of the cortex and
the medulla, the interlobar arteries give off the arcuate ar-
teries, which arch over the bases of the pyramids (Fig. 5-
43). The arcuate arteries give off several interlobular ar-
teries that ascend in the cortex. The afferent glomerular
arterioles arise as branches of the interlobular arteries.

Veins
The renal vein emerges from the hilum in front of the renal
artery and drains into the inferior vena cava.
Lymph Drainage
Lateral aortic lymph nodes around the origin of the renal artery.

Nerve Supply

Renal sympathetic plexus. The afferent fibers

Z that travel
through the renal plexus enter the spinal cord in the tenth
eleventh, and twelfth thoracic nerves, I
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phrons and the arrangement of the blood vessels within the kidney.
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Common Congenital Anomalies
Some of the more common forms of congenital anomalies
of the kidney are shown in Figure 545.

URETER

Location and Description

The two ureters are muscular tubes that extend from the kid-
neys to the posterior surface of the urinary bladder (Fig. 5
42). The urine is propelled along the ureter by peristaltic
contractions of the muscle coat, assisted by the filtration
pressure of the glomeruli.

Each ureter measures about 10 inches (25 cm) long and
resembles the esophagus (also 10 inches long) in having
three constrictions along its course: (1) where the renal pelvis
joins the ureter, (2) where it is kinked as it crosses the pelvic
brim, and (3) where it pierces the bladder wall (Fig. 542).

The renal pelvis is the funnel-shaped expanded upper end
of the ureter. It lies within the hilum of the kidney and re-
ceives the major calyces (Fig. 543). The ureter emerges from
the hilum of the kidney and runs vertically downward behind
the parietal peritoneum (adherent to it) on the psoas muscle,
which separates it from the tips of the transverse processes of
the lumbar vertebrae. It enters the pelvis by crossing the bi-
.fu.rcation of the common iliac artery in front of the sacroiliac

joint (F'lg. 542). The ureter then runs down the lateral wall of

the pelvis to the region of the ischial spine and tumns forward

to enter the lateral angle of the bladder. The pelyi

the ureter is described in detail f e aoumeot
on pages258and 268 .

duodenum
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ureter
A
kidneys. Visceral peri
whar:s the kidney is in

left in position. Shaded areas indi i ;

al gland
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colon O )

d

small intestine 223,11 ;LY

itoneum covering the kidneys has been
direct contact with the adjacent viscera.
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Relations, Left Uroter

o Anterdorly: The sigmold colon ap
the left colic vessels, and the left Lond
sels (Figs. 59 and 5:18)

L] posteriorly: The left psony musele, which se, WAty |
from the lumbar transverse proge: and the hi"l'l".l o1t
of the left common iliac antery (4 rcation

: tor i 4. 542),
The inferior mesenteric vein lies ;,|,,“” the madiat
the left ureter (Fig, 5:18), e medial side of

v-v.lmnuirl Mesocolon
teular op OVAHan v,

Blood Supply

Arteries

The arterial supply to the ureter is as follows; (@) upper end
the renal artery; (b) middle portion, the testicular or ovarian
artery; and (¢) in the pelvis, the superior vesical artery,

Veins
Venous blood drains into veins that correspond 1o the aneries

Lymph Drainage

Lateral aortic nodes and the iliac nodes,

Nerve Supply

Renal, testicular (or ovarian), and hypogastric plexuses (in the
pelvis). Afferent fibers travel with the sympathetic nerves and
enter the spinal cord in the first and second lumbar segments,

Common Congenital Anomalies

The common congenital anomalies of the ureter are shown
in Figure 546,

Suprarenal Glands
LOCATION AND DESCRIPTION

The two suprarenal glands are yellowish retroperitoneal or-
gans that lie on the upper poles of the kidneys. They are sur-
rounded by renal fascia (but are separated from the kidneys
by the perirenal fat). Each gland has a yellow cortex and a
dark brown medulla.

The cortex of the suprarenal glands secretes hormones
that include (a) mineral corticoids, which are concerned
with the control of fluid and electrolyte balance; (b) gluco-
corticoids, which are concerned with the control of the
Metabolism of carbohydrates, fats, and proteins; and (c)
small amounts of sex hormones, which probably play a
le in the prepubertal development of the sex organs. The
Medulla of the suprarenal glands secretes the cate-
cholamines epinephrine and norepinephrine.

The right suprarenal gland is pyramid sl‘xiﬂ)efj and
€aps the upper pole of the right kidney (Fig. 5-12). It lies ,be’
hind the right lobe of the liver and extends medially behind
the inferior yena cava. It rests posteriorly on the diaphragm.
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Figure 5-45 Some common congenital anomalies of the kidney.

2061 Aad AEIAY gAY (yany 1(45-5) e

The left suprarenal gland is crescentic in shape and ex-
tends along the medial border of the left kidney from the up-
per pole to the hilus (Fig. 5-12). It lies behind the pancreas,
the lesser sac, and the stomach and rests posteriorly on the
diaphragm.

BLOOD SUPPLY
Arteries

The arteries sL_lppIying each gland are three in number: 1)
inferior phrenic artery, (2) aorta, and (3) renal artery.

Veins

A single vein emerges from the hil

s ; um of each gland and
drains into the inferior vena cava g
nal vein on the left, on the rightand into the re.
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Figure 5-46 Some common congenital anomalies of the ureter,

sclall adLal) LAY 3 iy wasy :(46-5) Jek

LYMPH DRAINAGE
Lateral aortic nodes.
NERVE SUPPLY

Preganglionic sympathetic fibers derived from the splanch-
nic nerves; most of the nerves end in the medulla of the
gland.

Arteries on the Posterior Abdominal
Wall

AORTA

Location and Description ) o
The aorta enters the abdomen through the aortic Opemn}gro
the diaphragm in front of the twelfth thoracic vertebra ( ilci
7). It descends behind the peritoneum on the anterI :
surface of the bodies of the lumbar vertebrae. At the leve (:1
the fourth lumbar vertebra it divides into the fWoicol mr:ga
liac arteries (Fig, 547). On its right side lie the mfﬁn(: v&los
Cava, the cisterna chyli, and the beginning Of;( )
Vein. On its left side lies the left sympathetic ",”"F.' ure 548.
The surface marking of the aorta is shown in Fig
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Figure 5-47 Aorta and inferior vena cava.
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Branches (Fig. 5-47)

1. Three anterior visceral branches: the celiac artery, supe-
rior mesenteric artery, and inferior mesenteric artery.

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

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

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

These branches are summarized in Diagram 5-1.

COMMON ILIAC ARTERIES

The right and left common iliac arteries are the terminal

branches of the aorta. They arise at the level of the fourth
lumbar vertebra and run downward and laterally along the
medial border of the psoas muscle (Figs. 542 and 547).
Each artery ends in front of the sacroiliac joint by dividing
into the external and internal iliac arteries. At the bifurca-
tion, the common iliac artery on each side is crossed anteri-
orly by the ureter (Fig. 547).
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Figure 5-48 Surface markings of the aorta and its branches and the inferior vena cava on the ante-

rior abdominal wall.
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EXTERNAL ILIAC ARTERY

The external iliac artery runs along the medial border of the
psoas, following the pelvic brim (Fig. 542). It gives off the
inferior epigastric and deep circumflex iliac branches
(Fig. 547).

The artery enters the thigh by passing under the inguinal
ligament to become the femoral artery. The inferior epigas-
tric artery arises just above the inguinal ligament. It passes
upward and medially along the medial margin of the deep
inguinal ring (see Fig. 4-12) and enters the rectus sheath be-
hind the rectus abdominis muscle. The deep circumflex il-
iac artery arises close to the inferior epigastric artery (Fig. 5-
47). It ascends laterally to the anterior superior iliac spine
and the iliac crest, supplying the muscles of the anterior ab-
dominal wall.

INTERNAL ILIAC ARTERY

The internal iliac artery passes down into the pelvis in front
of the sacroiliac joint (Fig. 547). Its further course is de-
scribed on page 227-

Veins on the Posterior Abdominal Wall

INFERIOR VENA CAVA

Location and Description

The inferior vena cava conveys most of the blood from the
body below the diaphragm to the right atrium of the heart. It
sformed by the union of the common iliac veins behind the
Tight common iliac artery at the level of the fifth lumbar ver-
t€bra (Fig. 547). It ascends on the right side of the aorta,
Pierces the central tendon of the diaphragm at the Ieve;l of
the eighth thoracic vertebra, and drains into the right atrium
ofthe hean,
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der. The entrance into the lesser sac separates the inferior <™= sl fas ol Bl o (e 1.3) 510,54 o

vena cava from the portal vein (Fig. 5-7). (7=5 JSlly U w4 e G Ol el
The surface marking of the inferior vena cava is shown in 34 s a1z P 4 I B
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The inferior vena cava has the following tributaries (Fig. 547): H(AT=5 Sy u iy PSR (R

1. Two anterior visceral tributaries: the hepatic veins. DSy Ol 10l Oy S0,
2. Three lateral visceral tributaries: the right suprarenal vein ~ —Y! 4, i ey AW (5 68 ) 1dlor By gt )y, B

(the left vein drains into the left renal vein), renal veins, S P 1 1 i | A
and right testicular or ovarian vein (the left vein drains <.s 0y g S0 B (i1 580 0
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4. Three veins of origin: two common iliac veins and the A0 B
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{. Three anterior
" visceral branches

|

| mesenteric
| artery
|

[

[

mesenteric
artery

wall branches

branches

— (b) Superior —_|

— (©) Inferior ——|

‘ (a) Suprarenal artery

|

| 2. Three lateral (b) Renal artery
visceral branches

f (c) Testicular or ovarian artery
|
| (a) Inferior phrenic artery
J 3. Five lateral —[
| abdominal (b) Four lumbar arteries

(b) Median sacral artery

inferior pancreaﬁcoduodenal anuiv""-
[ middle colje antery P
anterior cecal
i
ileal artery
colic artery

= right colic artery
— ileocolic artery

F— left colic artery

[~ sigmoid arteries (2or3)

T superior rectal artery

r— external iliac artery

| (a) Two common iliac arteries ‘L
‘ 4. Three terminal A[ internal iliac artery
|

I one remembers that the venous blood fro(n the ab-
dominal portion of the gastrointestinal tract dram§ to’lhe
liver by means of the tributaries of the portal vein, d‘"d
that the left suprarenal and testicular or ovarian veins
drain first into the left renal vein, then it is apparent that
the tributaries of the inferior vena cava correspond yath: .
closely to the branches of the abdominal portion of the
aorta,

INFERIOR MESENTERIC VEIN

The inferior mesenteric vein is a tributary of the portal Cl;
lation. It begins halfway down the anal canal as the sug1 i
or rectal vein (Figs, 5-17, 5-28, and 5-29). It passes ferior
Pesterior abdominal wall on the left side of the ‘Z et
Senteric artery and the duodenojejunal flexure égu(]aries
€splenic vein behind the pancreas. It receives tr

€onespond to the branches of the artery.
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i (the left drains into the left renal vein)

Right testicular or ovarian vein

ic vein

3. Five lateral abd I wall () Inferior p
tributaries
4. Three trib of origin (@) Twoc

L— (b) Four lumbar veins |

!
external iliac vein |
—l: internal iliac vein

iliac veins

L— (b) Median sacral vein

SPLENIC VEIN

The splenic vein is a tributary of the portal circulation. It be-
gins at the hilum of the spleen by the union of several veins
and is then joined by the short gastric and the left gastroepi-
ploic veins (Figs. 528 and 5-29). It passes to the right within
the splenicorenal ligament and runs behind the pancreas
below the splenic artery. It joins the superior mesenteric
vein behind the neck of the pancreas to form the portal vein.
It is joined by veins from the pancreas and the inferior
mesenteric vein.

SUPERIOR MESENTERIC VEIN

The superior mesenteric vein is a tributary of the portal cir-

culation (Figs. 5-17, 5-28, and 5-29). It begins at the ileocecal

junction and runs upward on the posterior abdominal wall

within the root of the mesentery of the small intestine and on
the right side of the superior mesenteric artery. It passes in
front of the third part of the duodenum and behind the neck
of the pancreas, where it joins the splenic vein to form the
portal vein. It receives tributaries that correspond to the
branches of the superior mesenteric artery and also receives
the inferior pancreaticoduodenal vein and the right gas-
troepiploic vein (Fig. 5-29).

PORTAL VEIN
The portal vein is described on page122.
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Figure 5-49 Lymph vessels and nodes on the posterior abdominal wall.
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Lymphatics on the Posterior Abdominal
Wall

LYMPH NODES

The lymph nodes are closely related to the aorta and form a
preaortic and a right and left lateral aortic (para-aortic or
lumbar) chain (Fig. 549).

The preaortic lymph nodes lie around the origins of the
celiac, superior mesenteric, and inferior mesenteric arteries
and are referred to as the celiac, superior mesenteric, and
inferior mesenteric lymph nodes, respectively. They
drain the lymph from the gastrointestinal tract, extending
from the lower one-third of the esophagus to halfway down
the anal canal, and from the spleen, pancreas, gallbladder,
and greater part of the liver. The efferent lymph vessels form
the large intestinal trunk (see p 153).

The lateral aortic (para-aortic or lumbar) lymph
nodes drain lymph from the kidneys and suprarenals; from
the testes in the male and from the ovaries, uterine tubes,
and fundus of the uterus in the female; from the deep lymph
vessels of the abdominal walls; and from the common iliac
10des. The efferent lymph vessels form the right and left

umbar trunks (see p 153 ).
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LYMPH VESSELS

abdomen as an elon-
ust below the
brae and on

The thoracic duct commences in the
gated lymph sac, the cisterna chyli. This lies
diaphragm in front of the first two lumbar vertel
the right side of the aorta (Fig. 549).

The cisterna chyli receives () the intestinal trunk, (0)
the right and left lumbar trunks, and (¢) some small lymph
vessels that descend from the lower part of the thorax.

Nerves on the Posterior Abdominal
Wall

LUMBAR PLEXUS

The lumbar plexus, which is one of the main nervous path-
ways supplying the lower limb, is formed in the psoas mus-
cle from the anterior rami of the upper four lumbar nerves
(Fig. 5-50). The anterior rami receive gray rami commu_ni-
cantes from the sympathetic trunk, and the upper two give
off white rami communicantes to the sympathetic trunk.
The branches of the plexus emerge from the lateral and me-
dial borders of the muscle and from its anterior surface.

The iliochypogastric nerve, ilioinguinal nerve, lateral cu-
taneous nerve of the thigh, and femoral nerve emerge from
the lateral border of the psoas, in that order from above
downward (Fig. 5-24). The iliohypogastric and ilioin-
guinal nerves (L1) enter the lateral and anterior abdomi-
nal walls. (See p. 24 )-The iliohypogastric nerve supplies
the skin of the lower part of the anterior abdominal wall,
and the ilioinguinal nerve passes through the inguinal canal
to supply the skin of the groin and the scrotum or labium
majus. The lateral cutaneous nerve of the thigh crosses
the iliac fossa in front of the iliacus muscle and enters the
thigh behind the lateral end of the inguinal ligament. (Seech
10:.)It supplies the skin over the lateral surface of the thigh.
The femoral nerve (L2, 3, and 4) is the largest branch ofthe
lumbar plexus. It runs downward and laterally between the
psoas and the iliacus muscles and enters the thigh behind

the inguinal ligament and lateral to the femoral vessels and
the femoral sheath. In the abdomen it supplies the iliacus
muscle.

The obturator nerve and the fourth lumbar root of the
Jumbosacral trunk emerge from the medial border of the
psoas at the brim of the pelvis. The obturator nerve (12,3,
and 4) crosses the pelvic brim in front of the sacroiliac joint
and behind the common iliac vessels. It leaves the pelvis by
passing through the obturator foramen into the thigh. (Fora
description of its course in the pelvis see p.226 and in the
thigh see ch;10.)-The fourth lumbar root of the lum-
bosacral trunk takes part in the formation of the sacral
plexus. (See p. 226 ):It descends anterior to the ala of the
sacrum and joins the first sacral nerve.

The genitofemoral nerve (L1 and 2) emerges on the an-
terior surface of the psoas. It runs downward in front of the
muscle and divides into (@) a genital branch, which enters
the spermatic cord and supplies the cremaster muscle, and
(b) a femoral branch, which supplies a small area of the
skin of the thigh. (See chal0)-It is the nervous pathway in-
volved in the cremasteric reflex, in which stimulation of
the skin of the thigh in the male results in reflex contraction
of the cremaster muscle and the drawing upward of the
testis within the scrotum.

The branches of the lumbar plexus and their distributior

are summarized in Table 5-1.
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Figure 5-50 Lumbar plexus of nerves.
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Distribution

External oblique, internal oblique, transversus abdominis muscles of anterior abdominal
wall; skin over lower anterior abdominal wall and buttock

External oblique, internal oblique, transversus abdominis muscles of anterior abdominal
wall: skin of upper medial aspect of thigh, root of penis and scrotum in the male, mons
pubis and labia majora in the female

ve of the thigh Skin of anterior and lateral surfaces of the thigh p
e (L1,2) Cremaster muscle in scrotum in male; skin over anterior surface of thigh; nervous
pathway for cremasteric reflex . :
4) [liacus, pectineus, sartorius, quadriceps femoris muscles, and intermediate cutaneous

branches to the skin of the anterior surface of the thigh and by saphenous branch to

the skin of the medial side of the leg and foot; articular, branches to hip and knee

joints

,3,4) Gracilis, adductor brevis, ad
magnus (adductor portion
hip and knee joints

Quadratus lumborum and psoas muscles

) epmalindl Juat! 1 "

ductor longus, obturator externus, pectineus, adductor
), and skin on medial surface of thigh; articular branches to
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Figure 5-51 Aorta and related sympathetic plexuses.
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SYMPATHETIC TRUNK (ABDOMINAL PART)

The abdominal part of the sympathetic trunk is continuous

above with the thoracic and below with the pelvic parts of

the sympathetic trunk. It runs downward along the medial
border of the psoas muscle on the bodies of the lumbar ver-
tebrae (Fig. 5-51). It enters the abdomen from behind the
medial arcuate ligament and gains entrance to the pelvis be-
low by passing behind the common iliac vessels. The right
sympathetic trunk lies behind the right border of the infe-
rior vena cava; the left sympathetic trunk lies close to the
left border of the aorta.

The sympathetic trunk possesses four or five segmentally

arranged ganglia, the first and second often being fused to-
gether.

Branches

1. White rami communicantes join the first two ganglia to
the first two lumbar spinal nerves. A white ramus con-
tains preganglionic nerve fibers and afferent sensory
nerve fibers.

2. Gray rami communicantes join each ganglion to a cor-
responding lumbar spinal nerve. A gray ramus contains
postganglionic nerve fibers. The postganglionic fibers are
distributed through the branches of the spinal nerves to
the blood vessels, sweat glands, and arrector pili muscles
of the skin. (See Fig. 14.)

3. Fibers pass medially to the sympathetic plexuses on the
abdominal aorta and its branches. (These plexuses
also receive fibers from splanchnic nerves and the va-
gus.)

4. Fibers pass downward and medially in front of the com-
mon iliac vessels into the pelvis, where, together with
branches from sympathetic nerves in front of the aorta,
they form a large bundle of fibers called the superior hy-

pogastric plexus (Fig. 5-51).
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RADIOGRATHNC ANATOMY =~ |

R,d}'&graphic Appearances of the
Abdomen
Only the more important features seen in a standard antero-
posterior radiograph of the abdomen, with the patient in the
supine position, are described (Figs. 5-56 and 5-57).

Examine the following in a systematic order.

. Bones. In the upper part of the radiograph the lower ribs
areseen. Running down the middle of the radiograph are
the lower thoracic and lumbar vertebrae and the sacrum
and coceyx. On either side are the sacroiliac joints, the
pelvic bones, and the hip joints.

2 Diaphragm. This casts dome-shaped shadows on each
side; the one on the right is slightly higher than the one
onthe left (not shown in Fig. 5-56).

J Psoas muscle. On either side of the vertebral column the
lateral borders of the psoas muscle cast a shadow that
Passes downward and laterally from the twelfth thoracic
vertebra,

* Liver. This forms a homogeneous opacity in the upper
Part of the abdomen,

- _Spleen. This may cast a soft shadow, which can be seen
Mthe left ninth and tenth intercostal spaces (not shown

inFig, 556).
' ’al‘:""ys- These are usually visible because the perirenal

7 o mounding the kidneys produces a transradiant line.

' Of‘l’lmﬂdl and intestines. Gas may be seen in the fundus
: )'g Stomac'h and in the intestines. Fecal material may

81 seen in the colon. ;
bladder. If this contains sufficient urine, it will
ashadow in the pelvis.
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Figure 5-56 Anteroposterior radiograph of the abdomen.
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STOMACH Baall ¢ :
The stomach can be demonstrated radiologically (Figs. 5-58 3 les sllacl, (59-5 58-5 ;,)l_(__;h) L.;‘.._, sl ) ;_(;_ 5
and 5-59) by the administration of a watery suspension of A F LEai 3 e U ol
barium sulfate (barium meal). With the patient in the erect r—‘u’—‘ UL‘H w,: AN (\"‘\1)\._—5 ""'.")_ M?. u‘ & *-f .
position, the first few mouthfuls pass into the stomach and =55 ¢! (3 423 KA sl S (Kosy iy gy J9 |
form a triangular shadow with the apex downward. The gas gl FB 5 e )3 de BLL (g aman 3o suall 315 3 Wl 2618
bubble in the fundus shows above the fluid level at the top f ’ JJ’ "J <y JJ g ‘o‘\ ; é Vi ool et L
of the barium shadow. As the stomach s filled, the greater 2 =3 =S LoVl 1o (Ssp )l GO
and lesser curvatures are outlined and the body and pyloric 3 A3l & s e 25 JEY o 1 e gt 13y S5 Ay
portions are recognized. The pylorus is seen to move down- e Ak
ward and come to lie at the level of the third lumbar verte-
bra.
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Figure 5-59 Diagrammatic representation of the main features seen in the radiograph in Figure 5-58,

.58-5 JSill (A deladdl 5 guall B s anliall dpuui N AUl ok (i3 2(59-5) Je&)

DUODENUM

A barium meal passes into the first part of the duodenum
and forms a triangular homogeneous shadow, the duode-
nal cap, which has its base toward the pylorus (Fig. 560).
Under the influence of peristalsis, the barium quickly leaves
the duodenal cap and passes rapidly through the remaining
portions of the duodenum. The outline of the barium
shadow in the first part of the duodenum is smooth because
of the absence of mucosal folds. In the remainder of the
duodenum, the presence of plicae circulares breaks up the
barium emulsion, giving it a floccular appearance.
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Figure 5-60 Anteroposterior radiograph of the duodenum after ingestion of barium meal.
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JEJUNUM AND ILEUM

A barium meal enters the jejunum in a few minutes and
reaches the ileocecal junction in 30 minutes to 2 hours, and
the greater part has left the small intestine in 6 hours. In the
jejunum and upper part of the ileum, the mucosal folds and
the peristaltic activity scatter the barium shadow (Figs. 5-58
and 5-61). In the last part of the ileum, the barium meal
tends to form a continuous mass of barium.

LARGE INTESTINE

The large intestine can be demonstrated by the administra-
tion of a barium enema or a barium meal. The former is
more satisfactory.

The bowel may be outlined by the administration of 2 to
3 pints (1 L) of barium sulfate emulsion through the anal
canal. When the large intestine is filled, the entire outline
can be seen in an anteroposterior projection (Figs. 562 and
563). Oblique and lateral views of the colic flexures may be
necessary. The characteristic sacculations are well seen
when the bowel is filled, and, after the enema has been
evacuated, the mucosal pattern is clearly demonstrated.

The appendix frequently fills with barium after an en-
ema. The radiographic appearances of the sigmoid colon
and rectum are described on page 281.

The arterial supply to the gastrointestinal tract can be
demonstrated by arteriography. A catheter is inserted into
the femoral artery and threaded upward under direct vi-
sion on a screen into the abdominal aorta. The end of the
catheter is then manipulated into the opening of the ap-
propriate artery. Radiopaque material is injected through
the catheter and an arteriogram is obtained (see Fig. 5-
64).
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Radiographic Appearances of the
Biliary Ducts

ne,

taken orally, the compound is absorbed from the
intestine, carried to the liver, and excreted with the
- On reaching the gallbladder, it is concentrated with
e. The concentrated iodine compound, mixed with
bile, is now radiopaque and reveals the gallbladder as
2 pearshaped opacity in the angle between the right

fth rib and the vertebral column (Figs. 5-65 and 5-66).
he patient is given a fatty meal, the gallbladder con-
S-and the cystic and bile ducts become visible as the
“44U€ medium passes down to the second part of the
duodenum,

A sonogram of the upper part of the abdomen can be
sed to show the lumen of the gallbladder (Fig. 5-78).

The bile passages normally are not visible on a radiograph.
Iheir lumina can be outlined by the administration of var-
is iodine-containing compounds orally or by injection.

Figure 5-61 Anteroposterior radiograph of the small intestine after ingestion of barium meal.
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Figure 5-62 Anteroposterior radiograph of the large intestine after a barium enema.
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Figure 5-63 Anteroposterior radiograph of the large intestine after a barium enema. Air has been
introduced into the intestine through the enema tube after evacuation of most of the barium. This
procedure is referred to as a contrast enema.
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Figure 5-64 An arteriogram of the superior mesenteric artery. The catheter has been inserted into
the right femoral artery and has passed up the external and common iliac arteries to ascend the
aorta to the origin of the superior mesenteric artery. A nasogastric tube is also in position.
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Figure 5-85 Anteroposterion radiograph of the galibladder afier administration of an iodine-con-

tzining cormoound
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Figure 5-66 Diagrammatic representation of the main features seen in the radiograph in Figure 5-65.
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With intravenous pyelography, an iodine-containing
compound is injected into a subcutaneous arm vein. It is ex-
creted and concentrated by the kidneys, thus rendering the
calyces and ureter opaque to x-rays (Figs. 567, 568, and 5-
69). When enough of the opaque medium has been ex-
creted, the bladder is also revealed. The ureters are seen su-
perimposed on the transverse processes of the lumbar
vertebrae. They cross the sacroiliac joints and enter the
pelvis. In the vicinity of the ischial spines, they turn medially
to enter the bladder. The three normal constrictions of the
ureters (at the junction of the renal pelvis with the ureter, at

the pelvic brim, and where the ureter enters the bladder)
can be recognized. :

With retrograde pyelography, a cystoscope is passed
through the urethra into the bladder, and a ureteric catheter
is inserted into the ureter. A solution of sodium iodide is
then injected along the catheter into the ureter. When the
minor calyces become filled with the radiopaque medium,
the detailed anatomic features of the minor and major ca-
lyces and the pelvis of the ureter can be clearly seen. Each
minor calyx has a cup-shaped appearance caused by the re-
nal papilla projecting into it,

SURFACE ANATOMY OF THE
ABDOMINAL VISCERA

The surface anatomy of the abdominal viscera is fully de-
scribed in Chapter 4, page 47.
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Figure 5-67 Anteroposterior radiograph of the ureter and renal pelvis after intravenous injection of
an iodine-containing compound, which is excreted by kidney. Major and minor calyces are also
shown.
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Figure 5-68 Diagrammatic representation of the main features seen in the radiograph in Figure 5-67.
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CLINICAL NOU1ES

VEUM

pﬂmo:oneal cavity is the Iar‘ge?t ca\'it_\"in the body be-
me peri e area of the pa_nem] a_nd visceral layers of
e sul anormOuUS. The living peritoneum, unlike that
cadaver. possesses a certain degree of mobility
toneal fat and can be stretched without tear-
e ,-i:oneal fluid not only Igbncales the surfaces of
o "i,ile Viscera but also contains Ieukocyze_‘s and anti-
e f“_u o ich have remarkable powers of resisting infec-

podi€>
0% soscribed previously (e p. 57). the peritoneal
s around the _pentoneal_canty and quickly
¢ < way into the lymphaucsvof the diaphragm. Although
"d’lLb ble that peritoneal fluid can be absorbed at other
jtisP (hi peritoneal cavit.y‘ itis gengrally accepted that ab-
gesin (rom under the diaphragm is the most rapid route.
9,m(10f:. ihe absorption of toxins from intraperitoneal infec-
d_eli-:.is common nursing practice tosita patient up in bed
;aoib'he back atan angle of 45°. In this position the infected
e fluid gravitates downward into the pelvic cavity,

where the ra

0

te of toxin absorption is slow (Fig. 5-70).

PERITONEAL CAVITY

The periloneal cavity is divided into an upper part within
e abdomen and a I_ower part in the pelvis. The abdominal
partis further subdivided by the many peritoneal reflections
into jmportant recesses and spaces, which, in turn, are con-
inued into the paracolic gutters. The attachment of the
{ransverse mesocoion and the mesentery of the small intes-
iine to the posterior abdominal wall provides natural peri-
1oneal barriers that may hinder the movement of infected
peritoneal fluid from the upper part to the lower part of the
peritoneal cavity.

With the patient in the supine position, it is interesting to
1ote that the right subphrenic peritoneal space and the
pelvic cavity are the lowest areas of the peritoneal cavity,
and the region of the pelvic brim is the highest area (Fig. 5-
70).

Ascites

Ascites is essentially an excessive accumulation of peri-
toneal fluid within the peritoneal cavity. Ascites can occur
secondary to hepatic cirrhosis (portal venous congestion),
malignant disease (e.g., cancer of the ovary), or congestive
heart failure (systemic venous congestion). In a thin patient,
asmuch as 1500 mL has to accumulate before ascites can be
recognized clinically. In obese individuals a far greater
amount has to collect before it can be detected. The with-

drawal of peritoneal fluid from the peritoneal cavity is de-

scribed on page 66 -

Peritoneal Infection

Infection may gain entrance to the peritoneal cavity
[hr(?Ugh several routes: (1) from the interior of the gastroin-
testinal tract and gallbladder, (2) through the anterior ab-
dominal wall, (3) via the uterine tubes in females (gono-
coccal peritonitis in adults and pneumococcal peritonitis

;)f} CI:jiIdren occur through this route), and (4) from the
ood,
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Figure 5-70 Direction of flow of the peritoneal fluid. 1. Normal flow upward to the subphrenic

spaces. 2. Flow of inflammatory exudate in peritonitis. 3. The two sites where inflammatory exu-

date tends to collect when the patient is nursed in the supine position. 4. Accumulation of inflam-
matory exudate in the pelvis when the patient is nursed in the inclined position.
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'w“ HE PARIETAL PERITONEUM
”w‘ l,mielxll peritoneum I.!nm_q lho_ anterior
‘,»upplivd by lhvlluwor Six (h.()l.'.’lCIC nery

wall ¥ Lerve. Abdominal pain onginating frc
jumba '”m is therefore of the somatic type

sritone! PN i . X
P ”;: Jocalized: itis usually severe. (See Ab
cisety

;nhdominul
€Sand the first
om the Parieta)
and can pe pre-
dominal Pain, p.

amed parietal peritoneum is e
“ning. This fact is made use of clinically i .. .
sxn’_"tn’:,';;.‘?i. pressure is applied to the abdo, I::)i'nx:l ?J :ﬁr:ss;]ng
!T"':,L, finger O LIS oate if‘ﬂammation. The presll a
:"ml;e“ removed by suddenly withdrawing the finger Sun:e
D[ dominal wall rebounds, resulting in extreme loca| ') in.
.1,,) ich is known as rebound tenderness, baks.
"'\t should always be remembered that the parieta) o.:
m in the pelvis is innervated by the obturator n[e)f\r‘e
and c2n 0 Palpated by means of a rectal or vaginal exam;.
nation. An u_w!lamed appendix may hang down into e
olvis and irritate the parietal peritoneum. A pelvic eyams.
pation can detect extreme tendeness of the parieta per;
{oneum on the right side. (See p. 29¢)

FROM THE VISCERAL PERITONEUM

The visceral peritoneum, including the mesenteries, s jn.-
nervated by aU'OnOII?I(.‘ afferent nerves. Stretch caused by
overdistension of a viscus or pulling on a mesentery gives
jise to the sensation of pain. The sites of origin of visceral
pain are shown in Figure 5-71.

Because the gastrointestinal tract arises embryologically
asamidline structure and receives a bilateral nerve supply,
pain is referred to the midline. Pain arising from an abdon.
inal viscus is dull and poorly localized. (See Abdominal
Pain, p-196 )

196) ;
Aninfl: Xtremely sensitive to

toneu

Peritoneal Dialysis

Because the peritoneum is a semipermeable membrane,
it allows rapid bidirectional transfer of substances across it-
self. Because the surface area of the peritoneum is enor-
mous, this transfer property has been made use of in pa-
tients with acute renal insufficiency. The efficiency of this
method is only a fraction of that achieved by hemodialysis.

A watery solution, the dialysate, is introduced through a
catheter through a small midline incision through the ante-
riorabdominal wall below the umbilicus. The technique is
the same as peritoneal lavage. (See p. 66 .)-The products of
metabolism, such as urea, diffuse through the peritoneal lin-
ing cells from the blood vessels into the dialysate and are re-
moved from the patient.

Greater Omentum

The greater omentum is often referred to by the surgeons
athe “abdominal policeman.” The lower and the right and
!e".mafgins are free, and it moves about the peritoneal cav-
Y In response to the peristaltic movements of the neigh-

oring gut. In the first 2 years of life it is poorly developed
and thus is less protective in a young child. Later, however,
" an acutely inflamed appendix, for example, the inflam-
Malory exudate causes the omentum to adhere to the ap-
ge nd_:x and wrap itself around the infected organ (Fig. 572).
Y this means the infection is often localized to a small area
oue - Penitoneal cavity, thus saving the patient from a seri-
5 diffuse peritonits,
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Figure 5-71 Some important skin aroas involved in reforred
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Figure 5-72 1. Normal greater omentum. 2. Greater omentum wrapped around an inflamed ap-
pendix. 3. Greater omentum adherent to the base of the gastric ulcer. One important function of
the greater omentum is to attempt to limit the spread of intraperitoneal infections.
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Achalasia
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g of the esophagus.

Bleeding Esophageal Varices SHHA Ak L0 ) 2

At the lower third of the esophagus is an important por- sl il — Al Lduyy B Sl s Y gb.:h S e

tal-sy ic venous t (See p. 123)-Here the 1 sl o 2 1) 6ty N n 2lis ToiaM L

- e left gastric vein (which drains _H =) S ')’_u s '“Jj'“ Ee s '(12? ’%’)
mose with the esophageal tribu- 2223 281 32,90 Ly M e (P 2 3 o 52
s VS emic \'eins;. Sljoul‘:‘.‘x:e piinafl § L) s S LS s U s Sy (e
vein become obstructe: for example. in cirrhosis o = led -3 Al = { i
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the liver, portal hypertension develops, resulting in dilata- i jf . ¢ "‘{P’ ‘C{_’ ur\_’ S :ay“g e
tion and varicosity of the portal-systemic anastomoses. LA (> 325 Mg Gpa3 H Mg 35,00 o Ss

Varicosed esophageal veins may rupture, causing severe (3> $B)
vomiting of blood (hematemesis).
Anatomy of the Insertion of the ey J-Ti RRTYG _‘-,;ﬁ,'&;‘,a,"e Jial &"5 &©
Sengstaken-Blakemore Balloon for i XY
Esophageal Hemorrhage e

This balloon is used for the control of massive o (S \5'*):‘ "‘fh o ‘H o ““_t*"-‘!
esophageal hemorrhage from esophageal varices. A gastric -l (Al Jo ) e o 3 gl SN ey s A Sl

balloon anchors the tube against the esophageal-gastric \eﬁ-g" 1 s S rd) Ao ‘)’_m g"!.)“ O Ay
junction. An esophageal balloon occludes the esophageal

6 andl 3 ol plasmely of Y Y
varices by counterpressure. The tube is inserted through the . el (';,.‘J o f \sj ws e
nose or by using the oral route. gl 0N iy o oy Al G Jir WM YA

The lubricated tube is passed down into the stgn;‘atcr:]. G o U il BLL (‘3“ ol s Jaalt
and the gastric balloon is inflated. In the average a ult the % Z S, 3 ¢ E
dislancegbe(ween the external orifices of the nose andthe o 16 54411 C"‘)‘)‘ Ol o BLAy (e 44) L 17.2 34,

stomach is 17.2 inches (44 cm), and the distance between H 41)
the incisor teeth and the stomach is 16 inches (41 cm). Y s 23
3 Picbaniilie =2
of the Complicati LY ; 2
y p Y (IR p FOR s\ TR [V I L PP |

1. Difficulty in passing the tube through the nose. A0y b Al il Va3l 2
2. Damage to the esophagus from overinflation of the Sy HRN C"‘ e et

esophageal tube. ‘ h Oty A e Liie 5 s il o Je darall 3
3. Pressure on neighboring mediastinal structures as the sl (33 B

esophagus is expanded by the balloon within its lumen.

4. Persistent hiccups caused by irritation of the diaphragm sl g A tasl g jrlH) Sl (g 5 g s S5 4
by the distended esophagus and irritation of the stomach
. by the blood.
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Congenital Hypertrophic Pyloric Stenosis

This is a relatively common emergency in infants be-
tween the ages of 3 and 6 weeks. The child ejects the stom-
ach contents with considerable force. The exact cause of
the stenosis is unknown, although evidence suggests that
_lhe number of autonomic ganglion cells in the stomach wall
is fewer than normal. This possibility leads to prenatal neu-
romuscular incoordination and localized muscular hyper-
trophy and hyperplasia of the pyloric sphincter. It is much
more common in male children.

Trauma

Apart from its attachment to the esophagus at the cardiac
orifice and its continuity with the duodenum at the pylorus,
the stomach is relatively mobile. It is protected on the left by
the lower part of the rib cage. These factors greatly protect
the stomach from blunt trauma to the abdomen. However,
its large size makes it vulnerable to gunshot wounds.

Gastric Ulcer

The mucous membrane of the body of the stomach and,
to a lesser extent, that of the fundus produces acid and
pepsin. The secretion of the antrum and pyloric canal is mu-
cous and weakly alkaline (Fig. 5-73). The secretion of acid
and pepsin is controlled by two mechanisms: (@) nervous
and (b) hormonal. The vagus nerves are responsible for the
nervous control and the hormone gastrin, produced by the
antral mucosa, is responsible for the hormonal control. In
the surgical treatment of chronic gastric and duodenal ul-
cers, attempts are made to reduce the amount of acid se-
cretion by sectioning the vagus nerves (vagotomy) and by
removing the gastrin-bearing area of mucosa, the antrum
(partial gastrectomy).
Gastric ulcers occur in the alkaline-producing mucosa of
the stomach, usually on or close to the lesser curvature. A
chronic ulcer invades the muscular coats and, in time, in-
volves the peritoneum so that the stomach adheres to neigh-
boring structures. An ulcer situated on the posterior wall of
the stomach may perforate into the lesser sac or become ad-
herent to the pancreas. Erosion of the pancreas produces
pain referred to the back. The splenic artery runs along the
upper border of the pancreas, and erosion of this artery may
produce fatal hemorrhage. A penetrating ulcer of the ante-
rior stomach wall may result in the escape of stomach con-
tents into the greater sac, producing diffuse peritonitis. The
anterior stomach wall may, however, adhere to the liver,
and the chronic ulcer may penetrate the liver substance.

73 Areas of the stomach lhul| nm'ducu aeld and
:ig:;?: (stippled) and alkali and gastrin (diagonal lingg),
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sation of pain in the .ﬁlnn\uvll is caused by the
The»se or spasmodic contraction of the smooth m;m'l(-
1ching & s referred to the epigastrium. It is believed
it in.uansmitling'hbers leave the stomach in com-
that lhf_m the Sympalhe(lc nerves. They pass through the
any “Iaﬂg“a and reach the spinal cord via the greater

. es.
spm“‘hnfrn;;'v the Stomach
11C the jymphatic vessels Ql the mucous membrane
Joubm cosa of the stomach are in continuity, it is possible
anc ncer cells to travel to dmgrent pans of the stomach
for Cadislance away from the primary site. Cancer cells uls(;
"Om: through or bypass the local lymph nodes and are
gfu; up in the regional nodes. For these reasons, malignnni
“.el < of the stomach is treated by total gastrectomy, which
-dciudﬁ the removal of the lower end of the esophagus and
in first part of the duodengm; the spleen and the gastros-
";snic and splenicorgnal ligaments and their ass'(-)ciale‘d
Kmph nodes; the splgmc vessels; the tail and body of the pan-
Jeasand their associated nodes; the nodes along the lesser
curvature of the stomach; and the nodes along the greater
carvature, along with the greater omentum. This radical op-
crlion s qapera(e at}en_wpt to remove'the stomach en bloc
and, with it, its Iympl}allc field. The continuity of the gut is re-
sored by anastomosing the esophagus with the jejunum.

Gastroscopy

Gastroscopy is the viewing of the mucous membrane of
the stomach through an illuminated tube fitted with a lens sys-
tem. The patient is anesthetized and the gastroscope is passed
into the stomach, which is then inflated with air. With a flexi-
ble fiberoptic instrument, direct visualization of different
parts of the gastric mucous membrane is possible. It is also
possible to perform a mucosal biopsy through a gastroscope.

Nasogastric Intubation

Nasogastric intubation is a common procedure and is
performed to empty the stomach, to decompress the stom-
ach in cases of intestinal obstruction, or before operations
on the gastrointestinal tract; it may also be performed to ob-
tain a sample of gastric juice for biochemical analysis.

I, The patient is placed in the semiupright position or left
Jateral position to avoid aspiration.

9. The well-lubricated tube is inserted through the wider
nostril and is directed backward along the nasal floor.

3, Once the tube has passed the soft palate and entered the
oral pharynx, decreased resistance is felt, and the con-
scious patient will feel like “gagging.”

4, Some important distances in the adult may be useful.

From the nostril (external nares) to the cardiac orifice of
the stomach is about 17.2 inches (44 cm), and from the

cardiac orifice to the pylorus of the stomach is about 48

t0 5.6 inches (12-14 cm). The curved course taken by the

tube from the cardiac orifice to the pylorus is usually

longer, 6.0 to 10.0 inches (15-25 cm) (see Fig. 347).

Anatomical Structures That May Impede the Passage of the
Nasogastric Tube
T

1. Deviated nasal septum, making the passage of the tube
difficult on the narrower side.
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2. Three sites of esophageal narrowing may offer resistance
to the nasogastric tube—at the beginning of the esopha-
gus behind the cricoid cartilage (7.2 inches [18 cm]).
where the left bronchus and the arch of the aorta cross
the front of the esophagus (11.2 inches [28 cm]). and
where the esophagus enters the stomach (17.2 inches [44
cm)). The upper esophageal narrowing may be over-
come by gently grasping the wings of the thyroid carti-
lage and pulling the larynx forward. This maneuver
opens the normally collapsed esophagus and permits the
tube to pass down without further delay.

Anatomy of Complications

1. The nasogastric tube enters the larynx instead of the
esophagus.

2. Rough insertion of the tube into the nose will cause nasal
bleeding from the mucous membrane.

3. Penetration of the wall of the esophagus or stomach.
Always aspirate tube for gastric contents to confirm
successful entrance into stomach.

DuODENUM
Trauma

Apart from the first inch, the duodenum is rigidly fixed to
the posterior abdominal wall by peritoneum and therefore
cannot move away from crush injuries. In severe crush in-
juries to the anterior abdominal wall, the third part of the
duodenum may be severely crushed or torn against the third
lumbar vertebra.

Duodenal Ulcer

As the stomach empties its contents into the duodenum,
the acid chyme is squirted against the anterolateral wall of
the first part of the duodenum. This is thought to be an im-
portant factor in the production of a duodenal ulcer at this
site. An ulcer of the anterior wall of the first inch of the duo-
denum may perforate into the upper part of the greater sac,
above the transverse colon. The transverse colon directs the
escaping fluid into the right lateral paracolic gutter and thus
down to the right iliac fossa. The differential diagnosis be-
tween a perforated duodenal ulcer and a perforated ap-
pendix may be difficult.

An ulcer of the posterior wall of the first part of the duo-
denum may penetrate the wall and erode the relatively large
gastroduodenal artery, causing a severe hemorrhage.

The gastroduodenal artery is a branch of the hepatic
artery, a branch of the celiac trunk (Fig. 5-12).

Duodenal Recesses

The importance of the duodenal recesses and the occur-
rence of herniae of the intestine were already alluded to on

page 176 -

Important Duodenal Relations

The relation to the duodenum of the gallbladder, the
transverse colon, and the right kidney should be remem-
bered. Cases have been reported in which a large gallstone
ulcerated through the gallbladder wall into the duodenum.
Operations on the colon and right kidney have resulted in
damage to the duodenum.
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e of it cxtont and position, the Sl nytestine
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R:»coynlllon of Jejunum and Hewm

A physician should be able 1o distinguishs betwee (e
o and amai RN “7' or she may be called o 1 ez
amine a case of postoperative burst abdomen, where coifs
ofgutare lying free in the bed. The macroscopic differenees
are described on page123.

Mesentery of the Small Intestine

‘The line of attachment of the small intestine 1o the poste:
riorabdominal wall should be remembered, It extends from
a point just to the Iel! of the midline about 2 inches (5 cm)
pelow the transpyloric plane (L1) downward to the right il
iac fossa. A tumor or cyst of the mesentery, when palpated
through the anterior abdominal wall, is more mobile in a di-
rection at right angles to the line of attachment than along
the line of attachment.

Pain Fibers From the Jejunum and Hewm

These nerve fibers traverse the superior mesenteric sym-
pathetic plexus and pass to the spinal cord via the splanch-
nic nerves. Referred pain from this segment of the gastroin-
testinal tract is felt in the dermatomes supplied by the ninth,
tenth, and eleventh thoracic nerves, Strangulation of a coil
of small intestine in an inguinal hernia first gives rise to pain
in the region of the umbilicus, Only later, when the parietal
peritoneumn of the hemial sac becomes inflamed, does the

pain become more intense and localized to the inguinal re-
gion. (See Abdominal Pain, p.19 6 ) -
Mesenteric Arterial Occlusion

The superior mesenteric artery, a branch of the abdomi-
nal aorta, supplies an extensive territory of the gut, from
halfway down the second part of the duodenum to the left
colic flexure. Ocelusion of the artery or one of its branches
resulls in death of all or part of this segment of the gut. The
occlusion may occur as the result of an embolus, a throm-
his an aortic dissection, or an abdominal aneurysim.

Mesenteric Vein Thrombosis

The superior mesenteric vein, which drains the same
area of the gut supplied by the superior mesenteric arery,
may undergo thrombosis after stasis of the venous hed.
Cirthosis of the liver with portal hypertension may predis
bose to this condition.

Meckel’s Diverticulum

This congenital anomaly of the ileum is described on
page 53
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APPENDIX
Variability of Position

The inconstancy of the position of the appendix should

l)_tf "y;mc in mind when attempting to diagnose an appen-

dicitis. A retrocecal appendix, for example, may lie behind

a cecum distended with gas, and thus it may be difficult to

ell_(:ll tenderness on palpation in the right iliac region.

I_rnmnon of the psoas muscle, conversely, may cause the pa-
tient to keep the right hip joint flexed.

An appendix hanging down in the pelvis may resultin ab-
sent abdominal tenderness in the right lower quadrant, but
deep tenderness may be experienced just above the sym-
physis pubis. Rectal or vaginal examination may reveal ten-
derness of the peritoneum in the pelvis on the right side.

Predisposition of the Appendix to

Infection

The following factors contribute to why the appendix is
prqne to infection: (@) itisa long, narrow, blind-ended tube,
which encourages stasis of large-bowel contents; (b) it has a
large amount of lymphoid tissue in its wall; and (¢) the lu-
men has a tendency to become obstructed by hardened in-
testinal contents (enteroliths), which leads to further stag-

nation of its contents.

Predisposition of the Appendix to
Perforation

The appendix is supplied by a long small artery that does
not anastomose with other arteries. The blind end of the ap-
pendix is supplied by the terminal branches of the appen-
dicular artery. Inflammatory edema of the appendicular
wall compresses the blood supply to the appendix and often
leads to thrombosis of the appendicular artery. These con-

ditions commonly result in necrosis or gangrene of the ap-
pendicular wall, with perforation.

Perforation of the appendix or transmigration of bacteria
through the inflamed appendicular wall results in infection
of the peritoneum of the greater sac. The part that the
greater omentum may play in arresting the spread of the
peritoneal infection is described on page173.

Pain of Appendicitis

Visceral pain in the appendix is produced by distention
of its lumen or spasm of its muscle. The afferent pain fibers
enter the spinal cord at the level of the tenth thoracic seg-
ment, and a vague referred pain is felt in the region of the
umbilicus. Later, the pain shifts to where the inflamed ap-
pendix irritates the parietal peritoneum. Here the pain is

precise, severe, and localized. (See Abdominal Pain,

P196 )

Cecum AND COLON
Trauma

Blunt or penetrating injuries to the colon occur. Blunt in-
juries most commonly occur where mobile parts of the
colon (transverse and sigmoid) join the fixed parts (ascend-
ing and descending).

Penetrating injuries following stab wounds are common.
The multiple anatomic relationships of the different parts of
the colon explain why isolated colonic trauma is unusual.
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' cance” of the Large Bowel

bowel is relative!
¢ of the large bowel Is relatively commoy,
older tharn 50 years. The growth is vesuic(c(‘l Iln 7
"’”je wall fora considerable l(ljmg before it spreads \:; ?r:t
wel W 8 S eads
po! hatics: stream sprea Yxa.lhe portal circulatic e
W ’"ﬁ\-er curs late. If a diagnosis is made early anq a’n to
iI C0|ecxomy is per;c;rmec'l, accompanied by "“’““"'alra’;
6 yymph vessels and lymph nodes draining the area. th -
the e can pe anticipated. - then
cul
ac

canc®”

p,‘verli’v"‘"’s"s

onsists of a herniation of the linin ¥
no”‘cg::ular muscle between the teniae gowl;z?js‘:)glro‘fgh
minﬁ where the circular muscle is weakest, that is C\ur’: at
" blood vessels pierce the muscle (Fig. 574). Th'e*- ete
;ﬂ opsite for herniation is shown in Figure 574, S

[)iveniculosis of the colon is a common clinical condi
-

Cecostomy and Colostomy

cause of the anatomic mobility of the

i IE: colon, and sigmoid colqn lr_ley may be bcre:u\gt?i ;an?\z
Sface through a small opening in the anterior abdominal
Sall. f the cecum or transverse colon is then opened, the
e contents may be allowed to drain by this route. These
proce Jures are referred to as cecostomy or colostomy, re-
,-pecliVe'y' and are used to relieve large-bowel obstrucli;)ns,

Congenital Anomalies of the Colon

jac fossa may give rise to confusion in diagnosis. (See p.
).The pain of appenc_iicitis. for example, although ini-
tially starting in the umbilical region, may shift not to the

right iliac fossa but to the right upper quadrant or to the left
Jower quadrant.

Volvulus

round its mesentery. This may correct itself
spomaneously, or the rotation may continue until the blood
supply of the gutis cut off completely.

Intussusception

This is the telescoping of a proximal se
bowel into the lumen of an adjoining distal segment.
Needless to say, there is a grave risk of cutting off the blood
supply to the gut and developing gangrene. It is common in

children. lleocolic, colocolic, and ileoileal forms do occur,
but ileocolic is the most common.

The high incidence in children may be caused by the rel-
atively large size of the large bowel compared with the small
intestine at this time of life. Another factor may be the pos-
sible swelling of Peyer's patches secondary to infection. In

the latter case, the swollen patch protrudes into the lumen
and violent peristalsis of the ileal wall tries to pass it distally
along the gut lumen.
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colic artery
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appendices epiploicae 8 iy
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Figure 5-74 Blood supply to the colon (1) and formation of the diverticulum (2). Note the passage
of the mucosal diverticulum through the muscle coat along the course of the artery.
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LivEr

Functional Importance

The liver is the largest gland in the body and is concerned
with the metabolism of the products of carbohydrate and pro-
tein digestion, which are conveyed to it through the portal
vein. The carbohydrate is stored in the liver as glycogen, and
the amino acids are synthesized into proteins or deaminized
with the formation of urea. The liver synthesizes heparin, an
anticoagulant substance, and has an important detoxicating
function. It produces bile pigments from the hemoglobin of

wormn-out red blood corpuscles and secretes bile salts; these
together are conveyed to the duodenum by the biliary ducts.

Liver Supports

The liver is held in position in the upper part of the ab-
dominal cavity by the attachment of the hepatic veins to the
inferior vena cava. The peritoneal ligaments and the tone of
the abdominal muscles play a minor role in its support. This
fact is important surgically because even if the peritoneal
ligaments are cut, the liver can be only slightly rotated.

Trauma

The liver is a soft, friable structure enclosed in a fibrous
capsule. Its close relationship to the lower ribs must be em-
phasized. Fractures of the lower ribs or penetrating wounds
of the thorax or upper abdomen are common causes of liver
injury. Blunt traumatic injuries from automobile accidents
are also common, and severe hemorrhage accompanies
tears of this organ.
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| | ol 3 d )
1, I1¥ H VeIn are distributed in a
Jquvte tal manner approprate ligation of these structu,

it surgeon 10 remove large portions of the 0

ppatic BNEITES LLLLLL |

o the liver in
v it sevare raumatic lacerations of the liver or with
I.uI' e umor (Lven large, localized carcinomatous
/ tl..n.xu- tumon have been successtully removed )
el &

Liver Blopsy

| iver blopsy Is 8 common diagnostic procedure, With the
ent holding his or her breath in full expiration—to re-
1““ o (he sz ol the costodiaphragmatic recess and the like-
“m“”,, of damage to the lung—a needle is inserted lhrough
| e right elghth or ninth Intercostal space in the midaxillary
e, The needle passes through the diuphrngm into the

| jiver. and a small specimen of liver tissue is removed for mi-
weopie examination

or
, Subphrenic Spaces

(e Important subphrenic spaces and their relationshi

o the liver are described on page 95 . Under normal condFi)-
jons these are potential spaces only, and the peritoneal sur-
(yees re In contact, An abnormal accumulation of gas or
luld Is necessary for separation of the peritoneal surfaces,
(e anterior surface ol the liver is normally dull on percus-
Jon. Perforation of a gastric ulcer is often accompanied by
+ Joss of liver dullness caused by the accumulation of gas
over the anterior surface of the liver and in the subphrenic
spaces

PorTAL VEIN
Blood Flow in the Portal Vein

The portal vein conveys about 70% of the blood to the
liver. The remaining 30% is oxygenated blood, which passes
10 the liver via the hepatic artery. The wide angle of union of
(he splenic vein with the superior mesenteric vein to form
the portal vein leads to streaming of the blood flow in the
portal vein, The right lobe of the liver receives blood mainly
from the intestine, whereas the left lobe plus the quadrate

and caudate lobes receive blood from the stomach and the
spleen. This distribution of blood may explain the distribu-
tion of secondary malignant deposits in the liver.

Portal Hypertension

Portal hypertension is a common clinical condition, and
for this reason the list of portal-systemic anastomoses should
be remembered, (See p.123 )-Enlargement of the portal-sys-
lemic connections is frequently accompanied by conges-
live enlargement of the spleen. Portacaval shunts for the
Ireatment of portal hypertension may involve the anastomo-
sis of the portal vein, because it lies within the lesser omen-
tum, o the anterior wall of the inferior vena cava behind the

entrance into the lesser sac. The splenic vein may be anas-
tomosed to the left renal vein after removing the spleen.

GALLBLADDER AND BILIARY DucTs

Function of the Gallbladder

The liver excretes bile at a constant rate of about 40 mL
per hour. When digestion is not taking place, the sphincter
of Oddi remains closed and bile accumulates in the gall-
bladder, The gallbladder (1) concentrates bile; (2) stores
bile; (3) selectively absorbs bile salts, keeping the bile acid;
(1) excretes cholesterol; and (5) secretes mucus.
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Congenital Anomalies

Several congenital anomalies occur in the biliary system.
as do several variations in the blood supply to the gallblad-
der (Figs. 5-75, 576, and 5-77). The medical student should
be aware of their existence, although the details need not be
committed to memory.

Gallstones

Gallstones are usually asymptomatic; however, they ¢
give rise to gallstone colic or produce acute cholecystitis.

can

Biuary Couic

Biliary colic is usually caused by spasm of the smooth
muscle of the wall of the gallbladder in an attempt to expel
a galistone. Afferent nervg fibers ascend through the ceh;c
plexus and the greater splanchnic nerves to the lhora'c1c
segments of the spinal cord. Referred pain is felt in the right
upper quadrant or the epigastrium (T7, 8, and 9 der-
matomes).

Obstruction of the biliary ducts with a gallstone or by
compression by a tumor of the pancreas results in backup of
bile in the ducts and development of jaundice. The im-
paction of a stone in the ampulla of Vater may result in the
passage of infected bile into the pancreatic duct, producing
pancreatitis. The anatomic arrangement of the terminal
part of the bile duct and the main pancreatic duct is subject
to considerable variation. The type of duct system present
determines whether infected bile is likely to enter the pan-

creatic duct.

Gallstones have been known to ulcerate through the gall-
bladder wall into the transverse colon or the duodenum. In
the former case they are passed naturally per the rectum,
but in the latter case they may be held up at the ileocecal
junction, producing intestinal obstruction.

Acute Cholecystitis

This inflammatory condition produces discomfort in the
right upper quadrant or epigastrium. 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 area is sup-
plied by the supraclavicular nerves (C3 and 4).

Blood Supply of the Gallbladder

Unlike the appendix, which has a single arterial supply,
the gallbladder rarely becomes gangrenous. In addition to
the cystic artery, the gallbladder also receives small vessels
from the visceral surface of the liver.

Sonograms can now be used to demonstrate the gall-
bladder (Fig. 5-78).

Diagnosis of Pancreatic Disease

The deep location of the pancreas sometimes gives rise
to problems of diagnosis for the following reasons:

1. Pain from the pancreas is commonly referred to the back.

2. Because the pancreas lies behind the stomach and trans-
verse colon, disease of the gland can be confused with
that of the stomach or transverse colon.

3. Inflammation of the pancreas can spread to the peri-
toneum forming the posterior wall of the lesser sac. This
in turn can lead to adhesions and the closing off of the
lesser sac to form a pseudocyst.
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WLl 4yl o ils accessory bile duct

Trauma

The pancreas is deeply placed within the abdomen and i§
Well protected by the costal margin and the anterior abdomi-
nal wall, However, blunt trauma, such as in a sports injury
When a sudderi blow to the abdomen occurs, can compress
and tear the pancreas against the vertebral column. The pan-
Creas s most commonly damaged by gunshot or stab wounds.

amaged pancreatic tissue releases activated pancreatic

ENzymes that produce the signs and symptoms of acute peri-
(Onitis,

Cancer of the Head of the Pancreas and
the Bile Dyc¢
Becayse of the close relation of the head of the pancreas

rf) the bile duct, cancer of the head of the pancreas often
€auses obstryctive jaundice.

choledochal cyst sl iall 3Ll 25"
Figure 5-75 Some common congenital anomalies of the gallbladder.
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Figure 576  Some common congenital anomalies of the biliary ducts.
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Figure 577 Some common variations of blood supply to the gallbladder.
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5-78 Longitudinal
sonogram of th
dder. (Courtesy of Dr. M. C. Hil) - 2o of
- M. C. Hill.) of the abdomen showin:
. g the lumen of the

confined to the cortex beneath the

fibrous capsule. B. Tearing of the capsule and cortex with bleeding occurring into the perirenal

Tearing of the capsule, the cortex, and the medulla. Note the escape of blood into the calyces

E the urine. Urine as well as blood may extravasate into the perirenal and pararenal fat

Shattered kidney with extensive hemorrhage and ex(ravasalio_n of

| and pararenal fat; blood also enters the calyces and appears in the
i possibly the renal pelvis.

lving the renal vessels anc
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579 Injuries to the kidney. A. Contusion, with hemorrhage

nto the peritoneal cavity. D-
and urine into the perirena
. E. Injury to the renal pedicle invo
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The Pancreatic Tail and Splenectomy

The lp(esence of the tail of the pancreas in the spleni-
corenal ligament sometimes results in its damage during
splenector_ny. The damaged pancreas releases enzymes that
start to digest surrounding tissues, with serious conse-
quences,

Congenital Anomaly

During development, the ventral bud of the pancreas can
become tethered to the posterior abdominal wall and fail to
fuse correctly with the dorsal bud. Such a rare condition is
known as anular pancreas and can cause duodenal ob-
struction,

SPLEEN

Splenic Enlargement

A pathologically enlarged spleen extends downward and
medially. The left colic flexure and the phrenicocolic liga-
ment prevent a direct downward enlargement of the organ.
As the enlarged spleen projects below the left costal margin,
its notched anterior border can be recognized by palpation
through the anterior abdominal wall.

The spleen is situated at the beginning of the splenic
vein, and in cases of portal hypertension it often enlarges

from venous congestion.
Trauma

Although anatomically the spleen gives the appearance
of being well protected, automobile accidents of the crush-
ing or runover type commonly produce laceration of the
spleen. Penetrating wounds of the lower left thorax can also
damage the spleen.

Accessory Spleens

Accessory spleens may be present in the area of the
hilum or in the splenic ligaments. Sometimes they are pre-
sent in the transverse mesocolon or mesentery of the small
intestine. They exist in about 10% of patients, and, if forgot-
ten during a splenectomy for the treatment of acholuric
jaundice, for example, they may enlarge and result in a re-
turn of the symptoms.

RETROPERITONEAL SPACE

Trauma to Organs in the Retroperitoneal

Space

Palpation of the anterior abdominal wall in the jumbar
and iliac regions may give rise to signs indicative of peri-
toneal irritation (the peritoneum forms the anterior bound-
ary of the space [Fig. 541]). In other words, tenderness and
muscle spasm (rigidity) may be present. Palpation of the
back in the interval between the twelfth rib and the vertebral
column may reveal tenderness suggestive of kidney disease.

Abdominal radiographs may reveal air in the extraperi-
toneal tissues, indicating perforation of a viscus (e.g., as-
cending or descerding colon). CT scans can often accu-
rately define the extent of the injury to the extraperitoneal
organs.

Abscess Formation

Infection originating in retroperitoneal organs, such as
the kidneys, lymph nodes, and retrocecal appendisx, may ex-
tend widely into the retroperitoneal space,

ﬂ
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Lea ring Aortic Aneurysm

The plood may first be confined to the retro

et : Peritonea]
cebefore rupturing into the peritoneal cavity.
pa

KIDNEYS
Renal Mobility

The kidneys are maintained in their normal position by
W ominal pressure anf:l by their connections with the
renal fat and renal fascia. Each kidney moves slightly
e respiration. The right kidney lies at a slightly lower leve]
han the left kidney, _and the lower pole may be palpated in
he right Jumbar region at the end of deep inspiration in a

son with poorly devgloped abdominal musculature,
should the amount of perirenal fat be reduced, the mobility
o the kidney may become excessive and produce symp-
joms of renal colic caused by kinking of the ureter.
gxcessive mobility of the kidney leaves the suprarenal gland
undisturbed because the latter occupies a separate com-
partment in the renal fascia.

Kidney Trauma

int

The kidneys are well protected by the lower ribs, the lum-
bar muscles, and the vertebral column. However, a severe
blunt injury applied to the abdomen may crush the kidney
against the last rib and the vertebral column. Depending on
the severity of the blow, the injury varies from a mild bruis-
ing to a complete laceration of the organ. Penetrating in-
juries are usually caused by stab wounds or gunshot
wounds and often involve other viscera. Because 25% of the
cardiac outflow passes through the kidneys, renal injury can
result in rapid blood loss. A summary of the injuries to the
kidneys is shown in Figure 5-79.

Kidney Tumors

Malignant tumors of the kidney have a strong tendency to
spread along the renal vein. The left renal vein receives the
lefttesticular vein in the male, and this may rarely become
blocked, producing left-sided varicocele. (See p 69)

Congenital Anomalies

The kidney develops as a pelvic organ and only later as-
£¥1ds into the abdomen to take up its final position. Rarely
Sthe ascent arrested. For a consideration of horseshoe kid-
ey and other congenital anomalies, see Figure 545.

T Permumerary renal arteries are relatively common.

) Iepresent persistent fetal renal arteries, which grow in
Squence from the aorta to supply the kidney as it ascends

"he pelyis, Their occurrence is clinically important be-
. @ supemumerary artery may cross the pelviureteral
E‘"cuon and obstruct the outflow of urine, producing dl'lla'
qmno the calyces and pelvis, a condition known as hy-

=D (Fig. 545).

PolyC}'stic Kidney

entmls":] Creditary disease can be transmitted by either par-
ncrea:y Y associated with congenital cysts of the |IV:3
nd riggy and lung. Both kidneys are enormously enlafgb
t ed with cyss, Polycystic kidney is thought to b€
Volyteg (y 2 failure of union between the developing Cfﬂ;
f urip woules and collecting tubules. The accumulatio
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Figure 5-80 The transplanted kidney.
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Renal Pain

Renal pain varies from a dull ache to a severe pain in the
flank that may radiate downward into the lower abdomen.
Renal pain can result from stretching of the kidney capsule
or spasm of the smooth muscle in the renal pelvis. The af-
ferent nerve fibers pass through the renal plexus around the
renal artery and ascend to the spinal cord through the low-
est splanchnic nerve in the thorax and the sympathetic
trunk. They enter the spinal cord at the level of T12. Pain is
commonly referred along the distribution of the subcostal
nerve (T12) to the flank and the anterior abdominal wall.

Transplanted Kidneys

The iliac fossa on the posterior abdominal wall is the
usual site chosen for transplantation of the kidney. The fossa
is exposed through an incision in the anterior abdominal
wall just above the inguinal ligament. The iliac fossa in front
of the iliacus muscle is approached retroperitoneally. The
kidney is positioned and the vascular anastomosis con-
structed. The renal artery is anastomosed end-to-end to the
internal iliac artery and the renal vein is anastomosed end-
to-side to the external iliac vein (Fig. 5-80). Anastomosis of
the branches of the internal iliac arteries on the two sides is
sufficient so that the pelvic viscera on the side of the renal
arterial anastomosis are not at risk. Uretero Cystostomy s
then performed by opening the bladder and providing a
wide entrance of the ureter through the bladder wall.

‘J’Jnm‘m

Traumatic Ureteral Injuries

Because of its protected position and small size, injuries
to the ureter are rare. Most injuries are caused by gunshot
wounds and, in a few individuals, penetrating stab wounds
Because the ureters are retroperitoneal in position, uriné

may escape into the retroperitoneal tissues o, i
abdominal wall. Ly
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Ureteric dtones

There are three sites of anatomic narrowing of the ureter
where stones may be arrested, namely, the pelviureteral
junction, the pelvic brim, and where the ureter enters the
bladder. Most stones, although radiopaque, are small
enough to be impossible to see definitely along the course
of the ureter on plain radiographic examination, An intra-
venous pyelogram is usually necessary. The ureter runs
down in front of the tips of the transverse processes of the
lumbar vertebrae, crosses the region of the sacroiliac joint,
swings out to the ischial spine, and then tums medially to
the bladder.

Renal Colic

The renal pelvis and the ureter send their afferent nerves
into the spinal cord atsegments T11 and 12 and L1 and 2. In re-
nal colic, strong peristaltic waves of contraction pass down the
ureter in an attempt to pass the stone onward. The spasm of
the smooth muscle causes an agonizing colicky pain, which is
referred to the skin areas that are supplied by these segments

of the spinal cord, namely, the flank, loin, and groin.

When a stone enters the low part of the ureter, the pain is
felt at a lower level and is often referred to the testis or the
tip of the penis in the male and the labium majus in the fe-
male. Sometimes ureteral pain is referred along the femoral
branch of the genitofemoral nerve (L1 and 2) so that pain is
experienced in the front of the thigh. The pain is often so se-
vere that afferent pain impulses spread within the central
nervous system, giving rise to nausea.

Congenital Anomalies

The physician should be aware of the common congeni-
tal anomalies of the ureter, which are summarized in Figure
5-46. In ectopic ureter, the lower end of the ureter does not
open into the bladder but in the male drains into the semi-
nal vesicle or prostatic urethra and in the female may open
into the vagina. In all cases the opening is below the bladder
sphincter, and the patient is incontinent.

SUPRARENAL GLANDS

Surgical Significance of the Renal Fascia

The suprarenal glands, together with the kidneys, are en-
closed within the renal fascia; the suprarenal glands, how-
ever, lie in a separate compartment, which allows the two
organs to be separated easily at operation.

Susceptibility to Trauma at Birth

At birth, the suprarenal glands are relatively targe be-
cause of the presence of the fetal cortex; later, when this
part of the cortex involutes, the gland becomes reduced in
size. During the process of involution the cortex is friable
and susceptible to damage and severe hemorrhage.

Cushing’s Syndrome

Suprarenal cortical hyperplasia is the most common
cause of Cushing'’s syndrome, the clinical manifestations of
which include moon-shaped face, truncal obesity, abnor-
mal hairiness (hirsutism), and hypertension; if the syn-
drome occurs later in life, it may result from an adenoma or
carcinoma of the cortex.
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Addison’s Disease

Adrenocortical insufficiency (Addison’s disease), which
is characterized clinically by increased pigme.nlanon. mgsf
cular weakness, weight loss; and hypotension, may ‘;
caused by tuberculous destruction or bilateral atrophy 0
both cortices.

Pheochromocytoma

Pheochromocytoma, a tumor of the medulla, Pmd“‘:;“:
paroxysmal or sustained hypertension. The S}'mp'on}s e
signs result from the production of a large amount of cat
cholamines, which are then poured into the bloodstl'eama]

Because of their position on the posterior abdomll;d
wall, few tumors of the suprarenal glands can be palpated.
CT scans can be used to visualize the glandular el_‘llarg‘e'
ment; however, when interpreting CT scans, remember ";
close relationship of the suprarenal glands to the crura o
the diaphragm.

Lumbar Sympathectomy

Lumbar thectomy is performed mainly to pro@uce
a vasodiIalizyr:n:))fa the arteries g?the lower limb in patients
with vasospastic disorders. The preganglionic sympathetic
fibers that supply the vessels of the lower limb leave the
spinal cord from segments T11 to L2. They synapse in the
lumbar and sacral ganglia of the sympathetic trunks. The
postganglionic fibers join the lumbar and sacral nerves and
are distributed to the vessels of the limb as branches of these
nerves. Additional postganglionic fibers pass directly from
the lumbar ganglia to the common and external iliac arter-
ies, but they follow the latter artery only down as far as the
inguinal ligament. In the male a bilateral lumbar sympa-
thectomy may be followed by loss of ejaculatory power, but
erection is not impaired.

AORTA

Aortic Aneurysms

Localized or diffuse dilatations of the abdominal part of
the aorta (aneurysms) usually occur below the origin of the
renal arteries. Most result from atherosclerosis, which
causes weakening of the arterial wall, and occur most com-
monly in elderly men. Large aneurysms should be surgically
excised and replaced with a prosthetic graft.

Obliteration of the Abdominal Aorta and
lliac Arteries

Gradual occlusion of the bifurcation of the abdominal
aorta, produced by atherosclerosis, results in the characteristic
clinical symptoms of pain in the legs on walking (claudication)
and impotence, the latter caused by lack of blood in the inter-
nal iliac arteries. In otherwise healthy individuals, surgical treat-
ment by thromboendarterectomy or a bypass graft should be
considered. Because the progress of the disease is slow, some
collateral circulation is established, but it is physiologically in-
adequate. However, the collateral blood flow does prevent tis-
sue death in both lower limbs, although skin ulcers may occur,

The collateral circulation of the abdominal aorta is;
shown in Figure 5-81.

Embolic Blockage of the Abdominal Aortq

The bifurcation of the abdominal aorta where the |
suddenly narrows may be a lodging site for an embol:sn;?:-

Cmfzi'&ed from the heart. Severe ischemia of the lower limps
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the mesenteric arteries and their branches that occurs if the aorta is slowly blocked just below the

level of the renal arteries (white bar).
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}f“"’“ﬂk VENA Cava

Traumq

Injuri 2
dq;ijtinfe lf(; '{'e inferior vena cava are commonly lethal,
2 anatc that the contained blood is under low pres-
vduodenuomlc Inaccessibility of the vessel behind the
u.‘wblocking ™M, and mesentery of the small intestine and
appmacim.effce of the right costal margin make a sur-
g | ifiCUlt. Moreover, the thin wall of the vena

Use " Prone to extensive tears.

te inferioy Oe the multiple anastomoses of the tributariesbf
ency 3 Cava (Fig, 5.89) it is impossible in an emer-

n
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$ston o [ﬁ (@ the vessel. Most patients Have venous con-
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13 sl 4, brachiocephalic vein
i o 4,y subclavian vein

J5Y1 plall first rib
Y ) axillary vein
340l 4y, azygos vein

U s el 1 internal thoracic vein
o=l gkl g, 1 lateral thoracic vein

bl bl diaphragm

delall {s"”‘ &, ascending lumbar vein

(il 3y 5 1 inferior epigastric vein

i 3 20, M superficial epigastric vein
Al B, external iliac vein

oY U inguinal ligament

il g, 0 femoral vein

S ilall ) 1 great saphenous vein

Figure 5-82 The possible collateral cir

superior vena cava ¢ sl o340 uy )

hemiazy(os veins > A Ciai 4,41

inferior vena cava il Y 4, , 5

lumbar veins il 55,9

inferior mesenteric (e  ladt 4 )

vein ascending to
portal vein U, ) s

superior rectal vein o sal) il 4y,
internal iliac vein LU & A1 4y,

inferior rectal vein  Jawd asiec) ) )l

1s of the superior and interior venae cavae. Note the

alternative pathways that exist for blood to return to the right atrium of the heart if the superior

vena cava becomes blocked below the entrance of the azygos vein (upper black bar). Similar path-
ways exist if the inferior vena cava becomes blocked below the renal veins (lower black bar). Note
also the connections that exist between the portal circulation and the systemic veins in the anal canal.
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Compression of the Inferior Vena Cava

The inferior vena cava is commonly compressed by the
enlarged uterus during the later stages of pregnancy. This
producgs edema of the ankles and feet and lemporar)l' vari-
cose veins.

Malignant retroperitoneal tumors can cause severe com-
pression and eventual blockage of the inferior vena cava
This results in the dilatation of the extensive anastomoses ;;1
the tributaries (Fig. 582). This alternative pathway for }he
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1 to the right atrium of the heart is compmg,

i :s the ava]fava! shunt. The same pathv?alxir
o "eqnw offectin pauent§ with a superior mediastinal ty-
ﬁgmél s the superior vena cava. Clinically, the en-
arcomPre eous anastomosis between the lateral tho.
g8 in, a tributary of the axillary vein, and the superficia]
Ry ﬁc'vel'“' a tributary of the femoral vein, may be seen

epxghe ih Omcoabdominal wall (Fig. 582).
ont

/waNAL PAIN

®  ninal pain is one of the most important problems
i bdlom ician. This section pr.owdes an anatomic ba-
'?C;gfme gifferent forms of abdominal pain found in clini.
s for 11

ctice. r .
al ngee distinct forms of pain exist: somatic, visceral, and

,pjem?d pain.

Somatic Abdominal Pain

somatic abdomi'nal pain in the abdor_ninal wall can arise
om the skin, fascia, q1uscles. and parietal peritoneum. It
anbesevere and pltemsely Iogah;ed. When the origin is on
oneside of the midline, the pain is also lateralized. The so-
atic pain impulses from tl!e abdomen reach the central
pervous system in the following segmental spinal nerves:

Central part of the diaphragm: phrenic nerve (C3,4,and 5).

peripheral part of the diaphragm: intercostal nerves
-11).

Aazteﬂor abdominal wall: thoracic nerves (T7-12) and

the first lumbar nerve.

Pelvic wall: obturator nerve (L2, 3, and 4).

The inflamed parietal peritoneum is extremely sensitive,
and, because the full thickness of the abdominal wall is in-
nervated by the same nerves, it is not surprising to find cu-
taneous hypersensitivity (hyperesthesia) and tenderness.
Local reflexes involving the same nerves bring about a pro-
tective phenomenon in which the abdominal muscles in-
crease in tone. This increased tone or rigidity, sometimes
called guarding, is an attempt to rest and localize the in-
flammatory process.

Rebound tenderness occurs when the parietal peri-
toneum is inflamed. Any movement of that inflamed peri-
loneum, even when that movement is elicited by removing
the examining hand from a site distant from the inflamed
peritoneum, brings about tenderness.

Examples of acute, severe, localized pain originating in
the parietal peritoneum are seen in the later stages of ap-
pendicitis. Cutaneous hyperesthesia, tenderness, and mus-

cular spasm or rigidity occur in the lower right quadrant gf
the anterior abdominal wall. A perforated peptic ulcer, in

ich the parietal peritoneum is chemically irritated, pro-
Uces the same symptoms and signs but involves the right
Upperand lower quadrants.

Visceral Abdominal Pain

ceyZ;s;:r.al abdominal pain arises in abdominal organs, Vis-
ceral pafﬂo_neum_ and the mesenteries. The causes of ;gs—
ension I Include stretching of a viscus or mesentery, is-
emia)of B h_°"°W viscus, impaired blood supply (is-
tric iuice)lo aviscus, and chemical damage (€8, acid gas-
om an o8 Viscus or its covering peritoneum. Pain ar'lsu:jg
Viscar abdominal viscus is dull and poorly localized.
the vige Pain is referred to the midline, prob_ably because
and rece{a, deve!OP embryologically as midline structures
Moye Ia:e“e a bilateral nerve supply; many viscera latef
Supply w?t;]a I[Igeas development proceeds, taking their nerve
m.
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Colic' is a form of visceral pain produced by the violent
contraction of smooth muscle; it is commonly caused by Iu-
g\fmal lelslrucnon as in intestinal obstruction, in the passage
ofagallstone in the biliary ducts, or in the passage of a stone
in the ureters. 7

Many visceral afferent fibers that enter the spinal cord
participate in reflex activity. Reflex sweating, salivation,
nausea, vomiting, and increased heart rate may accompany
visceral pain.

The sensations that arise in viscera reach the central ner-
vous system in afferent nerves that accompany the sympa-
thetic nerves and enter the spinal cord through the posterior
roots. The significance of this pathway is better understood
in the following discussion on referred visceral pain.

Referred Abdominal Pain

_ Referred abdominal pain is the feeling of pain at a loca-
tion other than the site of origin of the stimulus but in an
area supplied by the same or adjacent segments of the
spinal cord. Both somatic and visceral structures can pro-
duce referred pain.

In the case of referred somatic pain, the possible expla-
nation is that the nerve fibers from the diseased structure
and the area where the pain is felt ascend in the central ner-
vous system along a common pathway, and the cerebral
cortex is incapable of distinguishing between the sites.
Examples of referred somatic pain follow. Pleurisy involving
the lower part of the costal parietal pleura can give rise to re-
ferred pain in the abdomen because the lower parietal
pleura receives its sensory innervation from the lower five
intercostal nerves, which also innervate the skin and mus-
cles of the anterior abdominal wall.

Visceral pain from the stomach is commonly referred to
the epigastrium (Fig. 5-71). The afferent pain fibers from the
stomach ascend in company with the sympathetic nerves
and pass through the celiac plexus and the greater splanch-
nic nerves. The sensory fibers enter the spinal cord at seg-
ments T5-9 and give rise to referred pain in dermatomes
T5-9 on the lower chest and abdominal walls.

Visceral pain from the appendix (Fig. 5-71), which is pro-
duced by distension of its lumen or spasm of its smooth mus-
cle coat, travels in nerve fibers that accompany sympathetic
nerves through the superior mesenteric plexus and the
lesser splanchnic nerve to the spinal cord (T10 segment).
The vague referred pain is felt in the region of the umbilicus
(T10 dermatome). Later, if the inflammatory process in-
volves the parietal peritoneum, the severe somatic pain
dominates the clinical picture and is localized precisely in
the right lower quadrant.

Visceral pain from the gallbladder, as occurs in patients
with cholecystitis or gallstone colic, travels in nerve fibers
that accompany sympathetic nerves. They pass through
the celiac plexus and greater splanchnic nerves to the
spinal cord (segments T5-9). The vague referred pain is
felt in the dermatomes (T5-9) on the lower chest and up-
per abdominal walls (Fig. 5-71). If the inflammatory pro-
cess spreads to involve the parietal peritoneum of the an-
terior abdominal wall or peripheral diaphragm, the severe
somatic pain is felt in the right upper quadrant and through
to the back below the inferior angle of the scapula.
Involvement of the central diaphragmatic parietal peri-
toneum, which is innervated by the phrenic nerve (C3, 4,
and 5), can give rise to referred pain over the shoulder be-
cause the skin in this area is innervated by the supraclav-
jcular nerves (C3 and 4).

e il b o it ISl g
DA P NI PR R P S u_m‘-:"
o 3 R 3 S Rl RS Gy g Fa
a @'r"‘JrJ" Jo (A BN et GU L ISMS::F"
‘U““g‘”‘ S gt r—’v‘ GHpase ni,__\g.;\;‘ W
A Sl e Jams 3l 5l Byl oL =
or S A g Sl ) eles 1 ol eny) Syl I
5 g Sy 2 .,»k'a:-Sn 3 o Ly o
o g il S I el 8 05 s
e N S M gy
T2 lag)
3 Uity il 0523 ""{“WJ“““H:‘QmﬁT“
&-J'lo-(‘-';”u"d‘ﬂh Jtvffﬂ't}”‘nd“mw“!wuh
e N S N g iyt
S Of gn Jont! il 05K e W ok Y1 oy
a0 bty (A Al oy B N sty
i 05 Yy B e Ik Ao SN e
o I e A iy o el e (36 Gy
il ) el e g O S e
2 it 0Y ol 3 o ) I e o of iy
Sl ) ) el or o s s e
U Gl o ¥ L
o QL JSt Ly Sl o 12 5 10,
saall o 331 M AU DU daas & (T1-5 SIS O sy
3y i sy AV 5kl o ey o) e
$355 (T9-TS) gaill e (S5l JH o SUYI o 3,0
Shall e s (T9-TS) il olelad 3 o ) e g
sl My Jad
o oo g (T1=5 JSdl) 501 o 2l (g 52 o iz
adl SLIY G b 8 (bl il Yoo gt i Ll o
Gyt )y T glall 22 L) 5 il e ) lasYl 35 I
ot I s ety (T10 a8yt o) ) ksl
St 13y cdmy Ly (T10 sl ¢ Ualty 3y W 3 ey
Corms 8 bl I ey 5 Flial 2 )
A ol N 3 555 SRty NI oy e )
A e Gy LS i) M e 23 22 1Y) O
el OUIN (3 g inall oad) i o 5) 2 ._,L.;\u; uball
iyt sy 5V il e f L 2 a2l
ot ol ey (TOTS iy 5 20 4 Jad
ooy i A e (TO-TS) i ctsliedl d 62
LN Ll 2t L 3 (715 JSay o o
Aty ol Ol a2 f «pkjl ol g "L“h'
P P 85l g 9 ) o S
5 A (6 Blinal) Ll LT S o i) 2l u,,\)l_-,»l
o S8 (C3, 4, 5) st sl maris G 7H
ey Uik} sda o OY (BN 345 ) s )?’{
(C3, 4) ;};}-_\1 _jl.‘; __;w‘i,

)

—

¢

el gl spualindl Juadl!

_




&

M

s g

Clinical Problem Solving

o following case histories and select th
sudy ,l:(ehe questions following them. = bt an:

J—aiy Py o

)} ers A=y Y ¢ 14 -
b " 45-year-old man was admitted to the emer. b o M paadll )
¥ department complaining of severe pain in EE AN N A U Ay
F he right lower quadrant of the anterior abdom;. e L:” f«e:—-h‘.m 48,22 L d50,00 o A
a wall. He had repeatedly vomited, and hjg DI A S 130 e el i e 2
s erature and pulse rate were elevated. ni Gl OIS Gl 2 1 - O (¥ Lo a1 8
X temperatty’ ed. His ? Aol dhad oylal s, <7 D N
1 pistory indicated that he had acute appendicitis S pamall g ala 9 16 juaie dun iy daiiyn
! 4| andthat the pain had suddenly increased. On ex- A0 A 29 -0Lnd al3j 1B o 1y Olg sl B8y Gl o
N, smination, the muscles of the lower part of the = ol Glad g Lol @l 3 3 ae 2,
. anterior abdominal wall in the right lower quad. = &~ R0l cluass 2 1 23 iy, o ey o)
s rant showed rigidity. The diagnosis of peritonitis = s el ol
0 siter perforation of the appendix was made. LI 5ty | B QLABY 2 Glius Gl
. toms and signs displayed is pati T S L auntl g astay oolre ¥ s oSy 1
. The symp! gns displayed by this patient can P
Ay be explained by the following facts except: iy lae L
ey A. The perforation of the appendix had resulted in the ~ © 9= *1 or k! s )3 last oo LA
% spread of the infection from the appendix to inyolye
Ay the parietal peritoneum. e iy S
re B. The parietal peritoneum in the right iliac region, the SNy el L A L (s Gl «—asy .B
Xt muscles of the anterior abdominal wall, and the 2 T12 bl Clacll o Ll a1k :
) overlying skin are all supplied by the segmentael g UAM Sl
A nerves T12and L1. 3 L1
B G lm‘;taas:igrtlh :ft ot:eeor;z:;i:taédperi.tor;eum ;e{lexly in IS A S 1y @M Ll 2 5 4y .C
Cr abdominal muscles i b s =
C rgidiy. R e - e et
D. The greater omentum tends to become stuck down 2 o= "3 31k Jal1 3 el 08 S 8 J£.D
to the appendix and restricts the spread of infection. 41
D E. The pain was intensified after perforation of the ap- i, 4 . s e - 5
pendix because of stimulation of the autonomic PN 45 g N 8 15 51 er C"‘"‘ E
: pain endings in the parietal peritoneum. -\ Gliall 3 2t 241
A 63-year-old man with a long history of a duo- Ao )alt Alaglo Aty o uad s Lale 63 opae gy asas
rdneer:::tl aufltt::rv::nsiﬁs:;nb ;cr; t;vetemezgzn%/ dec;":art- AL Ladaias SUlw LS o vas Calawil eid 2 disaal)
od-stained fluid and ex- 5 ez 3 AL :
hibiting all the signs and symptoms of severe sl meslio el pal,0 s Chalall Grse 15els
g hypovolemic shock. -
o 2 The following facts concerning duodenal ulcers could R e e e
" ;PIL;I{Y to the patient's condition except: tlaels yasll
* - Hemorrhage from a duodenal ulcer often reveals it- {0 oo i i Lainll 3 2 -e 3 GRS AL
il self by the passage of black stools on defecation. = I e o : :
) B. The pyloric sphincter prevents most of the blood bl Lo
bii 2 gg:atg;e duodenal lumen from passing up into the o u_l,')u oA o gl aal 3 el dins iyl § pall i B
A 2 Ladall
C. The gastroduodenal artery lies behind the first part of RN "
ihe duodenum and was probably eroded by the ul- e geiall o S gl s (omdall bl d\u—"c‘;: -C
B er. A ST Of Jazst
. The gastroduodenal artery is a small branch of the LS ol ; il saall 020 D
hepatic artery. 1S o e g5 ‘-""‘J ¢ Mg
- t eduodgnal ulcer was most likely to be situated on il A S e il ao s Yiazt SV dl E
c © posterior wall of the first part of the duodenum. i o AT
) Lale 47 Lo yac 3130 Ao Ailes Coayarl
. ::lyeapﬂd woman was operated on for the  asdanllal Lete SMMP—’LL-_}-‘LM
! re:"“em of a chronic gastric ulcer that had Not 3 (qat) pLidly . 2uSlgutl 42 Sk A
mg:gqed to medical treatment. At operation (il Bl i O iy it Bukal! Jluati Ayl
terior w'all gastrectomy it was found that the pg:; s ol e wan i 1Sy ralid! (asd] ylion Luails Hls
¥all of the stomach was stuck down to LT ; L3 Ay Lasd wad jiow dlee asliy
Osterior abdom n had to Aausgil| Aalgll i 433 Lras =2 > Eer
Proceny . 20dominal wall. The surgeon had e Al el gl
Porta ed with great care to avoid damaging Im- 4 e
inal vzlftmctures lying on the posterior abdom-
& ladl ot el Juadl)
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3. The following structures located on the posterior ab- ol GalN pladl Hlas e A gl Al o g

dominal wall were possibly involved in the disease pro- ; : e 3
cess except: 4 4 Hhels gosll puzs iy ol
A. The right kidney. LSy A
B. The :
pancreas, ey
C. The left suprarenal gland. i B
D. The left kidney. S 4 S Gy s
E. T_[ge lesser sac of peritoneum. SISy ‘
- The splenic artery. el r e
Olaall sy <) E
Sk o p

A 58-year-old man was in a restaurant when he 348 5Lmd Iy Lautie @alalf 2 Lale 58 0rae Jay e
suddenly started to vomit blood. He was taken Lot adid| 2 Calawi) @uid P %
unconscious to the emergency department of a g " G = oM peshula S8 daf.ay
local hospital. On examination, he had all the el et yadideiio Gledle piea duis OIS Gasuiyy,,
signs of severe hypovolemic shock. On palpation b3 S (pad¥) Gadd) pus @5 ale¥) L

of the anterior abdominal wall the right lobe of el 5 U_"J.. o ‘u?‘ SR I Gany
the liver was felt three fingersbreadths below the 3339 Bualite S LaS Asaliall Lilod! i uf Bloiasyy
costal margin. Several enlarged superficial veins Lia5 13 45] 4l ) ClBg .5 yud| Jgon daduinte ERERPS T
could be seen around the umbilicus. His wife said . (Chs i P S5 O
that he had vomited blood 3 months previously St -’_ uu_ u’ gacch S 6-8¥1 J31s (el
and had nearly died. She admitted that he was a S il pasin il palag - J9onSI (e (paian 43l Gy
chronic alcoholic. The diagnosis was cirrhosis of A Aty
the liver secondary to chronic alcoholism. s o)

oasl 1aa ol :.A.,.:.S‘_,;JI CJL‘)LL”_’ u'al_).cs'l Pands OSas.4

4. The symptoms and signs displayed by this patient can

be explained by the following facts except: e Lo 0l Glaa) g,

A. The normal flow of portal blood through the liver is 4o o e Ui pall i $
impaired by cirrhosis of the liver. S B i el O e R

B. The portalsystemic anastomoses become enlarged A ol 8 sz Bl — U o) 2l == .B
in this condition. o T T (U T T 5 e e s 1

C. Atthe lower end of the esophagus a branch from the gl el ok ; el o o0
right gastric vein anastomoses with an esophageal " A, S2A B
tributary of the azygos vein. 2 M ga 6oy Muas G5 o W70, b, g ety

D. Rupture of a varicosed esophageal vein could pro- AR b B 2 "r"’\ *é’ A S# s D
duce a severe hemorrhage so that the patient would i
vomit up blood. ot ALl 8, i 35, 81 w8 U ¢y B

E. With portal hypertension the paraumbilical veins % S i 5
linking the superficial veins of the skin (systemic &3 @ )55 (Rl 53, 4f) oeld 2mnle i 53,9
veins) to the portal vein become congested and visi- A5
ble. -

A 55-year-old woman with a history of flatulent Sy g o Judad Aund Lgaud Lale 55 L2 y0c 31yl Ciile

dyspepsia suddenly experienced an excruciating . A s 2 o S e P
colicky pain across the upper part of the ab- O Eolall @udll pie s uaie @l (e Sl (Aesd) s

domen. On examination in the emergency de- Ldlall paas gt oy Blasul @uwd 2. yanallyy.ladl

partment, she was found to have some rigidity o i gt AT Al ae o . yi
and tenderness in the right upper quadrant. A di- GO G 9AN ol gy - asil G glall &2l
agnosis of biliary colic was made. Hlae Lo ol s ol yel 2l g5lasd] puuis .S
5. The following facts would explain this patient's symp- i i ] u.l..'xh Jeasll T 8 i) )l okl CJ 5 .‘Ji o A
toms except: i T : i
A. The pain of gallstone colic is caused by spasm of the " Sleadl 4yl sl 2391 o ey 3) N
smooth muscle in the wall of the gallbladder and dis- 3 i)l ¢ 2, 3 sl Y1, 50 o Y OUY s B

tension of the bile ducts by the stones. . fpiiL % : 7
B. The pain fibers from the gallbladder and bile ducts R Jrad s Sy Ly adl Olaaelly 2 lall 2y LA

ascend through the superior mesenteric plexus and J ; 2 Jodl 4l
the greater splanchnic nerves to enter the thoracic P TN . e
segments of the spinal cord. O S Y el ) 3 e B el 2 €
C. Referred pain is felt in the right upper quadrant or the T9 o5 T7 it oot s D
epigastrium. : T 3 Sesye = AT
D. T7 through T9 dermatomes are involved. TS G i oLl J‘Lt
E. The violent contractions of the gallbladder wall are gyl sl

attempts to expel the gallstones.
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g Y on e,“,mination of tht'erabdomen ofa31
) man, a large swelling was found to extenq
AR ::wnwafd and medially below the left cogtq
margin: On percussion, a continuous bang of

qullness was noted to extend upward from the
leftof the umbilicus to the left axillary region, On

alpation, @ notch was felt along the anterior

-year-old

" ihe following facts except:

A The spleen has a notched anterior border causeq by

" incomplete fusion of its parts during development

B. Because of the presence of the left colic flexure ar.1d
the phrenicocolic ligament the spleen is unable to
expand vertically downward. :

¢. Apathologically enlarged spleen extends downward
and forward, toward the umbilicus,

) rder of the swelling. A diagnosis of splenic en-
N r;gement was made.

N g 3 5
~.\“\‘\,\r - Thesigns displayed by this patient can be explained by

D. The spleen is situated in the upper left quadrant of
the abdomen beneath the diaphragm.
e £ The long axis of the spleen lies along the twelfth rib.
e A 48-year-old woman with a history of repeated
) vomiting was admitted to the hospital with a di-
i p agnosis of large bowel obstruction. To decom-
: press the stomach a nasogastric tube was
S ¥ passed.
=0 7. When passing a nasogastric tube some important

anatomic facts should be considered except:

A. The well-lubricated tube is inserted through the

wider nostril.

The tube is directed backward along the nasal floor

and not upward because it may become caught on

the nasal choanae.

. The distance between the nostril and the cardiac ori-

fice of the stomach is about 23 inches (57.5 cm).

The distance between the cardiac orifice and the py-

lorus is about 4.8 to 5.6 inches (12-14 cm).

Esophageal narrowing may offer resistance to the

tube behind the cricoid cartilage (7.21 inches [18

cm] from the nostril).

The left bronchus and the arch of the aorta cross in
¢ front of the esophagus and may impede the descent

e of the tube (11.2 inches, 28 cm from the nostril).

¢ Where the esophagus enters the stomach is a slight

s resistance to the descent of the tube.
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S A 16-year-old boy received a severe kick in the
right flank while playing football at school. On
£ Xamination in the emergency department, his
ight flank was severely bruised, and his right
W tostovertebral angle was extremely tender on
Palpation, A specimen of urine showed micro-
Scopic hematuria. A diagnosis of damage to the
ight kidney was made.

Ney are correct except:
A The kidney tends to be crushed between the twelfth
5 rib and the vertebral column.

'l_'he kidney can be injured by fractures of the twelfth
v tib (right kidney) or eleventh and twelfth ribs (left
kldne_\')

]»nlmw patients the kidney damage is mild and re-
suls i nothing more than microscopic hematuria,
5 1n this patient,

o
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D. In severe kidney laceratioris extensive hemorrhage
and extravasation of blood and urine into the
pararenal fat occurs.

E. In severe kidney lacerations a mass caused by ex-
travasated blood and urine behind the peritoneum
may be palpated, especially on the right side.

F. Both kidneys lie on the posterior abdominal wall and
are at the same vertebral level.

A 17-year-old boy was involved in a gang fight. It
started as an argument but quickly worsened
into a street braw| with the use of knives. He was
examined in the emergency department and
found to have a bleeding stab wound in his left
flank. A urine specimen revealed frank blood.

9. Stab wounds of the kidneys involve other abdominal or-
gans in a high percentage of cases. Of the organs listed
below, name the one least likely to be damaged in this
patient.

. Stomach.

. Spleen.

Inferior vena cava.

. Left colic flexure.

Left suprarenal gland.

Coils of jejunum.

. Body of the pancreas.

OmMmPoOO Wy

A 56-year-old man visited his physician com-
plaining that he experiences severe pain in both
legs when taking long walks. He noticed re-
cently that the cramplike pain occurs after walk-
ing only a hundred yards. On questioning he
said that the pain quickly disappears on rest
only to return after he walks the same distance.
When the physician asked about his sex life the
patient admitted that he was experiencing diffi-
culty with erection.

10. The symptoms and signs displayed by this patient can
be explained by the following facts except:
A. Arteriography of the abdominal aorta revealed
blockage in the region of the bifurcation.
B. Only the right common iliac artery was involved by
disease.
C. The gradual blockage of the aorta was caused by ad-
vanced arteriosclerosis.
D. An insufficient amount of blood was reaching both
legs, causing pain (claudication) on walking.
E. The lack of blood entering both internal iliac arteries
was responsible for the difficulty with erection.

A 23-year-old woman, who was 8 months preg-
nant, told her obstetrician that she had recently
noticed that her feet and ankles were swollen at
the end of the day. She said that the swelling
was worse if she had been standing for long pe-
riods. She also noticed that the veins around her
ankles were becoming prominent.

11. The symptoms and signs displayed by this patient can
be explained by the following facts except:
A. The enlarged uterus is an abdominal organ and often
compressed the inferior vena cava.
B. Venous back pressure causes the tissue fluid to ac-
cumulate in the subcutaneous tissues of the feet and
ankles.
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cose veins. f ot g
. High Jevels of progesterone in the blood dyrj "
D nancy cause the smooth muscle in the w:llllg;jl"tthg
veins to relax, thus permitting the veins to dilate T
- The pregnant uterus presses on the sympathetic
E trunks causing vasodilation of the bloor}il v{:);lsg:l:;
the legs.
27_year-old woman was involved in a head-
,utom"b"e acclqent. When examined in°:
neighboring hgspltal. she was in a state of se.
vere shock, with a rapid pulse and low bloog
pressure: Extensive bruising was seen on the
Jower part o_f tpe anterior abdominal walj
Further examination showed that the abdomen
was becoming rapidly distended. Exploratory
surgery revealed a ruptured abdominal aorta,

Venous back pressure impairs the ven

s 3 2 OUS re| :
the superficial veins in both the legs, retum in

lcading 1o vari-

.> The following fagt; concerning this case would explain
"~ per clinical condition except:
A The patient was wearing a seat belt, which explained
the bruising on the anterior abdominal wall,
8. The aorta is located on the posterior abdominal wall
Jateral to the left side of the vertebral column,
¢. Theaortalies behind the peritoneum in the retroperi-
toneal space. d
D. The blood did not immediately escape into the peri-
toneal cavity because it is retroperitoneal in position
and the tear was small in size.
£ Aseat belt may hold the patient securely in the seat,
but in some individuals the kidneys continue for-
ward after impact and the renal artery may be torn
from the side of the aorta.
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Answers to Clinical Problems

1. E.In the parietal peritoneum lining the anterior abdom-
inal wall in the right iliac fossa, the sensation of pain
originates in the nerve endings of somatic spinal nerves
(Ti2and L1).

2. D. The gastroduodenal artery is a large branch of the
hepatic artery.

3.A

4. C. Atthe lower end of the esophagus a branch from the
left gastric vein anastomses with an esophageal tribu-

_ ftary of the azygos vein.

5. B.The pain fibers from the gallbladder and bile ducts as-
cend through the celiac plexus.

6. E The long axis of the spleen lies along the tenth rib.

7. C. The distance between the nostril and the cardiac ori-
fice of the stomach is about 17.2 inches (44 cm).
8. F. Because of the large size of the right lobe of the liver,

5 C‘he right kidney lies at a lower level than the left kidney.

10. B. The blockage of the aorta in the region of the bifur
cation had effectively blocked the entrances into bath

., “ommon iliac arteries.

1. E The sympathetic trunks are not pressed on by the

:_) Pregnant uterus.

% B.The aorta descends through the abdomen behind the
Peritoneum on the anterior surface of the bodies of the
‘Umbar vertebrae.
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National Board Type Questions

IMmlh the structures listed below with the appropriate

p . Each | roup of lymph nodes may be
used once or mor: than once, S o >

- Lesser curvature of the stomach

. Right colic flexure

Cecum

- Head of pancreas

. Gallbladder

A. Inferior mesenteric nodes

B. Celiac nodes

C. Superior mesenteric nodes

D. Celiac and superior mesenteric nodes
E. None of the above

N s N

Match the area of the stomach below with the appropriate
arterial supply.

6. Fundus
7. Right half of the greater curvature
8. Left half of the greater curvature
A. Left gastroepiploic artery
B. Left gastric artery
C. Short gastric arteries
D. Right gastric artery
E. None of the above

Match the arterial branches below with their origin.

9. Gastroduodenal artery
10. Middle colic artery
11. Left gastroepiploic artery
12. lleocolic artery
13. Superior rectal artery
A. Inferior mesenteric
B. Hepatic
C. Splenic
D. Superior mesenteric
E. None of the above

Select the best response:

14. The following statements concerning the liver are true
except:

A. The quadrate lobe drains into the right hepatic
duct.

B. The lesser omentum suspends the stomach from
the visceral surface of the liver.

C. The left triangular ligament of the liver lies anterior
to the abdominal part of the esophagus.

D. The attachment of the hepatic veins to the inferior
vena cava is one of the most important supports of
the liver.

E. The ligamentum venosum is attached to the left
branch of the portal vein in the porta hepatis.

15. The following statements concerning the pancreas are
true except: 4 :

A. The pancreas receives part of its arterial supply
from the splenic artery.

B. The main pancreatic duct opens into the third part
of the duodenum.
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' . Theuncinate process of the pancreas projects from

the head of the pancreas. A ’ ;
p. The bile duct (common bile duct) lies posteriorto 1, L. 4 \.1,.|M|-UJ)'O‘ UStal) sl (U 50 .C
the head of the pancreas. ol 251 iall 3Lty 2y ) iall SN o D
E The transver?ehmsocolon Is attached to the ante- Aoy LAlSal
rior border of the pancreas. AU 2L By S s 3
16. The following statements concerning the ileum are tacle d - ‘:zum:),.’)fﬂ i‘;;‘ ;IJ‘L‘..HE 16
rue excepl: A Y 2 aaLall 200 bl .
:\' The circular smooth muscle of the lower end of the 5SSl i) 2y A A Yl e LA
il,eu: ::Lvﬁeaz;:;hmcter at the junction of the ,”,.kjl, vm.u Ja
ileul i . St s o 5 Z :
8. The branches of the superior mesenteric artery e P PO G oy g 5 (S5 B
serving the ileum form more arcades than those el s g g 8 e STl
‘ serving the jejunum. ] I sle (it A At Lo 3 gy g i o€
(. Peyer's patches are present in the mucous me- 2o 2%
brane of the lower ileum along the antimesenteric . Ay Al
porder. Qb U Tl 3 3 (; = Aol s
p. The plicae circulares are more prominent at the dis- Wa AR
tal end of the ileum than in the jejunun, : el
£ The parasympathetic innervation of the ileum is ! Clastl n ) 63 I el 0,5 . E
from the vagus nerves. lacle LI 2l -3 - ~
17, The hilum of the right kidney contains the following T L Sl A
jmportant structures, except the: A S Ay B A
; ?;glalllap:gif the renal vein Al
¢. Sympathetic nerve fibers A el SUY.C
D. Part of the right suprarenal gland w4 S g D
E. Branches of the renal artery (5 S By 2 ¢35 E

18 The following statements concerning the left 2o, ..z PP BT O e o
suprarenal gland are incorrect except: 0 8 S| A, a0 il 2t A Ll 18

A Itextends behind the inferior vena cava. slacls
B. :; ;s separated from the left kidney by the pararenal it O 1y, 0 e 222 LA
C. Its vein drains into the left renal vein, A Sl oty 5 2ISH oF =5 B
D. It is usually located on the upper pole and lateral et S 2y M M sty M ks 5 .C

border of the left kidney. e S A B 5 el e e 2l o )

E. The medulla is innervated by postganglionic sym-

pathetic nerve fibers. Al g b 23 M Dl SUNL U anz; B

19. The following statements concerning the abdominal Hlacke Qi Liladl o0 220at! 200G ol jlatl . 19
aorta are true except: Al haks Ll fal G o i S
& i bifurcaies into the two common liac arteries i~ et ek (U e 9 0 H B A Y nty A
front of the fourth lumbar vertebra. G S s i e 25 B
B. Itlies on the right side of the inferior vena cava. gl i Lty YA o 20 L e L5
C. From its anterior surface arise the celiac, superior S SRR ? ) < i “" o
mesenteric, and inferior mesenteric arteries. i Ay
D. It enters the abdomen in front of the twelfth tho- e i 2yl 5 A BUE e s, D
racic vertebra. Lol g 8T T e o e S | slall sl
E. The thoracic duct leaves the abdomen through the = I J UJST‘.qu)T“: D i B
aortic opening of the diaphragm on the right side of et Lo e
the aorta. i g5 il s iladl @ el 2zhat) 2N il Ll .20
2. The following statements concerning the abdominal aoladeeis
part of the sympathetic trunk are not true except that: ’ v oy %
A. It enters the abdomen behind the lateral arcuate 'v-‘u";f«"“ Sl Gl gladl Jy A
ligament. Monlsd 5 e e p 3 e B
B. ;‘l@e trunk possesses six segmentally arranged gan- Ao g sias 33 2l psr G5 .C
ia. : =iy . =
C. All the ganglia receive white rami communicantes. Al 25720 OlasM Ao el g 31 s D
D. Gray rami communicantes are given off to the lum- Sk et Sl e s\ i OlasYl o5 B
§ _l;:rspinal nerves. el Gl
e splanchnic nerves from the thorax join the i e
21 7. ks below the diaphragm. aele dmpmio Byiladll 3 ppdially |80 i 24
g - ;}’Xe following statements concerning the lumbar gkl Wl s § il po 5 A
€xus : J 5 = o i
A usare true except: 1 1 i) asBU Tl gl e il S5 B

B The plexus lies within the psoas muscle. 2,
- The plexus is formed from the posterior rami of the . A
“pper four lumbar nerves. el dhiaald 2 ) B e ol el 2 C

C. The femoral nerve emerges from the lateral border

Ofthe psoas muscle.
- D
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23.

24.

25.

D. The obturator nerve emerges from the medial bor-
der of the psoas muscle.
E. The iliohypogastric nerve emerges from the lateral
border of the psoas muscle.
The following veins form important portal-systemic
anastomoses, except the:
A. Esophageal branches of the left gastric vein and
tributaries of the azygos veins
B. Superior rectal vein and the inferior vena cava
C. Paraumbilical veins and the superficial veins of the
anterior abdominal wall
D. Veins of the ascending and descending parts of the
colon with the lumbar veins
E. Veins from the bare areas of the liver with the
phrenic veins
The following statements concerning the ureters are
true except:
A. Both have three anatomic sites that are constricted.
B. Both receive their blood supply from the testicular
or ovarian arteries.
C. Both are separated from the transverse processes of
the lumbar vertebrae by the psoas muscles.
D. Both pass anterior to the testicular or ovarian ves-
sels.
E. Both lie anterior to the sacroiliac joints.
Concerning the inferior mesenteric artery, all of the fol-
lowing statements are true excepl:
A. Its colic branch supplies the descending colon.
B. It gives off the inferior pancreaticoduodenal artery.
C. It supplies the sigmoid colon.
D. Its branches contribute to the marginal artery.
E. It arises from thie aorta immediately below the third
part of the duodenum.
Which of the following structures is not present within
the lesser omentum?
A. Portal vein
B. Bile duct
C. Inferior vena cava
D. Hepatic artery
E. Lymph nodes
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Answers to National Board Type Questions

Bi21 D .16
B .22 D17
D .23 C.18
B .24 B .19
C.25 D .20
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The Pelvis: Part |
The Pelvic Walls

A 51-year-old man was involved in a light-plane accident. He was flying

home from a business trip when, because of fog, he had to make a forced

landing in a plowed field. On landing, the plane came abruptly to rest on its
nose. His companion was killed on impact, and he was thrown from the cockpit. On
admission to the emergency department, he was unconscious and showed signs of se-
vere hypovolemic (loss of circulating blood) shock. He had extensive bruising of the
lower part of the anterior abdominal wall, and the front of his pelvis was prominent on
the right side. During examination of the penis, it was possible to express a drop of
blood-stained fluid from the external orifice. No evidence of external hemorrhage was
present.

Radiographic examination of the pelvis showed a dislocation of the symphysis pu-
bis and a linear fracture through the lateral part of the sacrum on the right side. The
urethra was damaged by the shearing forces applied to the pelvic area, which explains
the blood-stained fluid from the external orifice of the penis. The pelvic radiograph
(later confirmed on computed tomographic [CT] scan) also revealed the presence of a
large collection of blood in the loose connective tissue outside the peritoneum that
was caused by the tearing of the large, thin-walled, pelvic veins by the fractured bone
and would account for the hypovolemic shock.

This patient illustrates the fact that in-depth knowledge of the anatomy of the pelvic
region is necessary before a physician can even contemplate making an initial exami-
nation and start treatment in cases of pelvic injury.
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CHAPTER OBJECTIVES

The pelvis is a owl-shaped bony structure that protects
the terminal parts of the as&inteslixnl tract and the urinary
:ystqm and the male and female internal orfans of repro-
uction. It also contains important nerves. Blood veessels,
and lymphatic tissues. The purpose of this chapter is (0
review the significant anatomy JP&: pelvic walls relative to
clinical problems. Particular “attention is paid to age anc
sexual differences and to the ic f as
with pelvic examinations.

& BASIC ANATOMY

The pelvis* is the region of the trunk that lies below ?he ab-
domen. Although the abdominal and pelvic cavities are
continuous, the two regions are described separately.

The Pelvis

The bony pelvis provides a strong, stable connection be-
tween the trunk and the lower extremities. Its main func-
tions are to transmit the weight of the body from the verte-
bral column to the femurs; to contain, support, and protect
the pelvic viscera; and to provide attachment for trunk and
lower limb muscles. The bony pelvis is composed of four
bones: the two hip bones, which form the lateral and ante-
rior walls, and the sacrum and the coccyx, which are part
of the vertebral column and form the back wall (Fig. 6-1).

The two hip bones articulate with each other anteriorly at
the symphysis pubis and posteriorly with the sacrum at the
sacroiliac joints. The bony pelvis with its joints form a
strong basin-shaped structure that contains and protects the
lower parts of the intestinal and urinary tracts and the inter-
nal organs of reproduction.

The pelvis is divided into two parts by the pelvic brim,
which is formed by the sacral promontory (anterior and
upper margin of the first sacral vertebra) behind, the
ileopectineal lines (a line that runs downward and forward
around the inner surface of the ili um) laterally, and the sym-
physis pubis (joint between bodies of pubic bones) anteri-
orly. Above the brim is the false pelvis, which forms part of
the abdominal cavity. Below the brim is the true pelvis.

ORIENTATION OF THE PELVIS

It is important for the student, at the outset, to understand
the correct orientation of the bony pelvis relative to the
trunk, with the individual standing in the anatomic position.
The front of the symphysis pubis and the anterior superior il-
iac spines should lie in the same vertical plane. This means
that the pelvic surface of the symphysis pubis faces upward
and backward and the anterior surface of the sacrum is di-
rected forward and downward.

FALSE PELVIS

The false pelvis is of little clinical importance. It is bounded
behind by the lumbar vertebrae, laterally by the iliac fossae
and the iliacus muscles, and in front by the lower part of the
anterior abdominal wall. The false pelvis flares out at its up-
per end and should be considered as part of the abdominal
cavity. Itsupports the abdominal contents and after the third
month of pregnancy helps support the gravid uterus. During
thel garly stages of labor it helps guide the fetus into the true
pe VIS.

* The term pelvis is loosely used to describe the region where the
trunk and lower limbs meet. The word “pelvis” means a basin and is
more correctly applied to the skeleton of the region, that is, the
pelvic girdle or bony pelvis. )
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Figure 6-1 Anterior view of the male pelvis (A) and female pelvis (B).
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Figure 6-2 Right half of pelvis showing the pelvic inlet, pelvic outlet, and sacrotuberous and

sacrospinous ligaments.
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The pelvic outlet (Fig. 6-2) is bounded posteriorly by the

coceyx, laterally by the ischial tuberosities, and anteriorly by
the pubic arch (Figs. 6-2 and 6-8). The pelvic outlet does not
present a smooth outline but has three wide notches.
Anteriorly the pubic arch is between the ischiopubic rami,
and laterally are the sciatic notches. The sciatic notches are
divided by the sacrotuberous and sacrospinous liga-
ments (Figs. 6-1 and 6-2) into the greater and lesser sciatic
foramina. (See p.215)-From an obstetric standpoint, be-
cause the sacrotuberous ligaments are strong and relatively
inflexible, they should be considered to form part of the
perimeter of the pelvic outlet. Thus, the outlet is diamond
shaped, with the ischiopubic rami and the symphysis pubis
forming the boundaries in front and the sacrotuberous liga-
ments and the coccyx forming the boundaries behind.

: The pelvic cavity lies between the inlet and the outlet. It
is a short, curved canal, with a shallow anterior wall and a
much deeper posterior wall (Fig. 6-2).

Structure of the Pelvic Walls

The walls of the pelvis are formed by bones and ligaments
that are partly lined with muscles covered with fascia and
parietal peritoneum. The pelvis has anterior, posterior, and
lateral walls and an inferior wall or floor (Fig. 6-3).
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Figure 6-3 Right half of pelvis showing pelvic walls.
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ANTERIOR PELVIC WALL

The anterior pelvic wall is the shallowest wall and is formed
by the posterior surfaces of the bodies of the pubic bones,
the pubic rami, and the symphysis pubis (Fig. 64).

POSTERIOR PELVIC WALL

The posterior pelvic wall is extensive and is formed by the
“sacrum and coccyx (Fig. 6-5) and by the piriformis muscles
(Fig. 6-7) and their covering of parietal pelvic fascia.

Sacrum

The sacrum consists of five rudimentary vertebrae fused to-
gether to form a single wedge-shaped bone with a forward
concavity (Figs. 62 and 6-5). The upper border or base of
the bone articulates with the fifth lumbar vertebra. The nar-
row inferior border articulates with the coccyx. Laterally,
the sacrum articulates with the two iliac bones to form the
sacroiliac joints (Fig. 6-1). The anterior and upper margins
of the first sacral vertebra bulge forward as the posterior
margin of the pelvic inlet—the sacral promontory (Fig. 6-
‘2)—which is an important obstetric landmark used when
measuring the size of the pelvis.

The vertebral foramina together form the sacral canal.
vThe laminae of the fifth sacral vertebra, and sometimes
those of the fourth, fail to meet in the midline, forming the
sacral hiatus (Fig. 6-5). The sacral canal contains the ante-
riorand posterior roots of the lumbar, sacral, and coccygeal
spinal nerves; the filum terminale; and fibrofatty material. It
also contains the lower part of the subarachnoid space
down as far as the lower border of the second sacral verte-
bra (Fig, 6-6).
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Figure 6-4 Anterior wall of pelvis [posterior view).
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The anterior and posterior surfaces of the sacrum possess
on each side four foramina for the passage of the anterior
and posterior rami of the upper four sacral nerves (Fig. 65).

The sacrum is usually wider in proportion to its length in
the female than in the male. The sacrum is tilted forward so
that it forms an angle with the fifth lumbar vertebra, called
the lumbosacral angle.

Coccyx

The coccyx consists of four vertebrae fused together to form
asmall triangular bone, which articulates at its base with the
lower end of the sacrum (Fig. 6-5).

The coccygeal vertebrae consist of bodies only, but the
first vertebra possesses a rudimentary transverse process
and cornua. The cornua are the remains of the pedicles and
superior articular processes and project upward to articu-
late with the sacral cornua (Fig. 6-5).

Piriformis Muscle

The piriformis muscle arises from the front of the lateral
masses of the sacrum and leaves the pelvis to enter the
gluteal region by passing laterally through the greater sciatic
foramen (Fig. 6-7). It is inserted into the upper border of the
greater trochanter of the femur.

® Action: It is a lateral rotator of the femur at the hip joint.

® Nerve supply: It receives branches from the sacral
plexus.

LATERAL PELVIC WALL

The lateral pelvic wall is formed by part of the hip bone be-
low the pelvic inlet, the obturator membrane, the sacro-
tuberous and sacrospinous ligaments, and the obturator in-
ternus muscle and its covering fascia.
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Figure 6-5 Sacrum. A. Anterior view. B. Posterior view.
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Hip Bone
In children, each hip bone consists of the ilium, which lies
superiorly; the ischium, which lies posteriorly and inferiorly;

and the pubis, which lies anteriorly and inferiorly (Fig. 6-8).
{“ puberty these three bones fuse together to form one large,
imegular bone. The hip bones articulate with the sacrum at
the sacroiliac joints and form the anterolateral walls of the
pelvis; they also articulate with one another anteriorly at the

symphysis pubis.
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Figure 6-6 Sacrum from behind. Laminae have been removed to show sacral nerve roots lying
within sacral canal. Note that in the adult, the spinal cord ends below at the level of the lower bor-

der of the first lumbar vertebra.
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On the outer surface of the hip bone is a deep depres-
sion, the acetabulum, which articulates with the hemi-
spherical head of the femur (Figs. 6-1 and 6-8). Behind the
acetabulum is a large notch, the greater sciatic notch,
which is separated from the lesser sciatic notch by the
spine of the ischium. The sciatic notches are converted
into the greater and lesser sciatic foramina by the pres-
ence of the sacrotuberous and sacrospinous ligaments
(Fig. 6-2).

The ilium, which is the upper flattened part of the hip
bone, possesses the iliac crest (Fig. 6-8). The iliac crest runs
between the anterior and posterior superior iliac
spines. Below these spines are the corresponding anterior
and posterior inferior iliac spines. On the inner surface of
the ilium is the large auricular surface for articulation with
the sacrum. The iliopectineal line runs downward and for-
ward around the inner surface of the ilium and serves to di-
vide the false from the true pelvis.
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Figure 6-7 Posterior wall of the pelvis.

The ischium is the inferior and posterior part of the hip
bone and possesses an ischial spine and an ischial
tuberosity (Fig. 6-8).

The pubis is the anterior part of the hip bone and has a
body and superior and inferior pubic rami. The body of
the pubis bears the pubic crest and the pubic tubercle
the pubis bears the pubic crest and the pubic tubercle
and articulates with the pubic bone of the opposite side at
the symphysis pubis (Fig. 6-1). In the lower part of the hip
bone is a large opening, the obturator foramen, which is
bounded by the parts of the ischium and pubis. The obtura-
tor foramen is filled in by the obturator membrane (Fig. 6-8).

Obturator Membrane

The obturator membrane is a fibrous sheet that almost com-
pletely closes the obturator foramen, leaving a small gap,
the obturator canal, for the passage of the obturator nerve
and vessels as they leave the pelvis to enter the thigh (Fig.
68).

Sacrotuberous Ligament

The sacrotuberous ligament is strong and extends from the
lateral part of the sacrum and coccyx and the posterior in-
ferior iliac spine to the ischial tuberosity (Figs. 6-2 and 6-7).

Sacrospinous Ligament

The sacrospinous ligament is strong and triangle shaped. It
is attached by its base to the lateral part of the sacrum and
coceyx and by its apex to the spine of the ischium (Figs. 6-2
and 6-7).

The sacrotuberous and sacrospinous ligaments prevent
the lower end of the sacrum and the coccyx from being ro-
tated upward at the sacroiliac joint by the weight of the body
(Fig. 6-15). The two ligaments also convert the greater and
lesser sciatic notches into foramina, the greater and lesser
sciatic foramina.
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Figure 6-8 Right hip bone. A. Medial surface. B. ILateral surface. Note the lines of fusion between
the three bones—the ilium, the ischium, and the pubis.
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Figure 6-9 Lateral wall of the pelvis.

The obturator internus is a lateral rotator of the fe-
e hip joint.

supply: The muscle is supplied by the nerve to the
rinternus, a branch from the sacral plexus.

PELVIC WALL, OR PELVIC FLOOR

r of the pelvis supports the pelvic viscera and is
‘the pelvic diaphragm. ;

ic floor stretches across the pelvis and divides it
‘main pelvic cavity above, which contains the pelvic
and the perineum below. The perineum is consid-
detail in Chapter 8.

diaphragm is formed by the important levatores
es and the small coccygeus muscles and their cov-
e (Fig. 6-10). It is incomplete anteriorly to allow
of the urethra in males and the urethra and the

¢ levator ani muscle is a wide thin sheet that has a linear
-~ Ofigin from the back of the body of the pubis, a tendinous
A formed by a thickening of the pelvic fascia covering the
-~ obturator internus, and the spine of the ischium (Fig. 6-10).
From this extensive origin, groups of fibers sweep down-
and medially to their insertion (Fig. 6-11), as follows:
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Figure 6-10 Inferior wall or floor of the pelvis.

. Anterior fibers: The levator prostatae or sphincter
vaginae form a sling around the prostate or vagina and
are inserted into a mass of fibrous tissue, called the per-
ineal body, in front of the anal canal. The levator
prostatae support the prostate and stabilize the perineal
body. The sphincter vaginae constrict the vagina and sta-
bilize the perineal body.

. Intermediate fibers: The puborectalis forms a sling
around the junction of the rectum and anal canal. The
pubococcygeus passes posteriorly to be inserted into a
small fibrous mass, called the anococcygeal body, be-
tween the tip of the coccyx and the anal canal.

(3]

&

Posterior fibers: The iliococcygeus is inserted into the
anococcygeal body and the coceyx.

e Action: The levatores ani muscles of the two sides form
an efficient muscular sling that supports and maintains
the pelvic viscera in position. They resist the rise in in-
trapelvic pressure during the straining and expulsive ef-
forts of the abdominal muscles (as occurs in coughing).
They also have an important sphincter action on the
anorectal junction, and in the female they serve also as a
sphincter of the vagina.

e Nerve supply: This is from the perineal branch of the
fourth sacral nerve and from the perineal branch of the
pudendal nerve.
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on of rectum and anal canal
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anococcygeal body
v.ﬁu.aa.ll & ) r...;L!

pelvis known as the pelvic diaphragm.

| triangular muscle arises from the spine of the is-
d is inserted into the lower end of the sacrum and
occyx (Figs. 6-10 and 6-11).

the pelvic viscera.
supply: This is from a branch of the fourth and
sacral nerves.

mmary of the attachments of the muscles of the
walls and floor, their nerve supply, and their action is
nin Table 6-1.

Fascia

elvic fascia is formed of connective tissue and is con-
us above with the fascia lining the abdominal walls.

, the fascia is continuous with the fascia of the per-
Ieum. The pelvic fascia can be divided into parietal and

Visceral layers.
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Figure 6-11 Levator ani muscle (dark brown) and coccygeus muscle (light brown) seen on thair in-
ferior aspects. Note that the levator ani is made up of several different muscle groups. The levator
ani and coccygeus muscles with their fascial coverings form a continuous muscular floor to the
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PARIETAL PELVIC FASCIA Vg loband | Aauis gand | RBLALY ¢

The parietal pelvic fascia lines the walls of the pelvis and is
named according to the muscle it overlies. For example,
over the obturator intemus muscle it is dense and strong
and is known as the obturator internus fascia (Mg, 6:12).
Over the levator ani and coceygeus muscles it forms the le
vator ani and coceygeus fascia or, to describe it more con
cisely, the superior fascial tayer of the pelvic diaphragm,
Where the pelvic diaphragm is deficient anteriorly, the pari-
etal pelvic fascia becomes continuous through the opening
with the fascia covering the inferior surface of the pelvice dic
aphragm, in the perineum. In many locations where the
parietal fascia comes into contact with bone it fuses with the
periosteum.

Below in the perineum, where the parietal pelvic fascia
covers the sphincter urethrae muscle and the perineal meny
brane (see p.317). it is known as the perineal laver of the
parietal pelvic fascia; that is, it forms the superior fascial
layer of the urogenital diaphragm.

VISCERAL LAYER OF PELVIC FASCIA

The visceral layer of pelvic fascia is a layer of loose connec:
tive tissue that covers and supports all the pelvic viscera,
Where a particular viscus comes into contact with the pelvie
wall, the visceral layer fuses with the parietal layer. In cor
tain locations the fascia thickens to form fascial ligaments,
which commonly extend from the pelvic walls to a viscus
and provide it with additional support. These ligaments are
usually named according to their attachments, for example,
the pubovesncal and the sacrocervical ligaments

In the female the fascial ligaments attached to the uterine
cervix are of particular clinical importance because they as
sist with the support of the uterus and thus prevent uterine
prolapse. (See p.274 )-The visceral pelvic fascia around the
uterine cervix and vagina is commonly referred to as the

parametrium.
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Figure 6-13 Sacral plexus,

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 (Fig. 6-12). For further de-
tails, see pages267 10278,

Nerves of the Pelvis
SACRAL PLEXUS

The sacral plexus lies on the posterior pelvic wall in front of
the piriformis muscle (Fig. 6-14). It is formed from the ante-
rior rami of the fourth and fifth lumbar nerves and the ante-
rior rami of the first, second, third, and fourth sacral nerves
(Fig. 6-13). Note that the contribution from the fourth lum-
bar nerve joins the fifth lumbar nerve to form the lum-
bosacral trunk. The lumbosacral trunk passes down into
the pelvis and joins the sacral nerves as they emerge from
the anterior sacral foramina.

Relations

® Anteriorly: The parietal pelvic fascia, which separates
the plexus from the internal iliac vessels and their
branches, and the rectum (Fig, 6-9).

® Posteriorly: The piriformis muscle (Fig. 6-14).

Branches
1. Branches to the lower limb that leave the pelvis through
the greater sciatic foramen (Fig. 6-9):
a. The sciatic nerve (14 and 5; S1, 2, and 3) is the
largest branch of the plexus and the largest nerve in
the body (Fig. 6-7).
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erior gluteal nerve, which supplies the glu-
dius and minimus and the tensor fasciae

or gluteal nerve, which supplies the glu-
mus muscle,
1o the quadratus femoris muscle,
supplies the inferior gemellus muscle.

to the obturator internus muscle,
supplies the superior gemellus muscle.
rlor cutancous nerve of the thigh,
ipplies the skin of the buttock and the back

e pelvic muscles, pelvic viscera, and per-

dal nerve (52, 3, and 4), which leaves
through the greater sciatic foramen and
Gp.;rlneum through the lesser sciatic fora-
i, 6:9),

rves to the piriformis muscle.

elvic splanchnic nerves, which constitute
cral part of the parasympathetic system and
from the second, third, and fourth sacral
They are distributed to the pelvic viscera.
g cutaneous nerve, which supplies the
Jower medial part of the buttock.

of the sacral plexus and their distribution
ed in Table 62,
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1 614 Posterior pelvic wall showing the sacral plexus, superior hypogastric plexus, and right
~ and loft inferlor hypogastric plexuses. Pelvic parts of the sympathetic trunks are also shown.

L bl D Gy by g RN 5 Dy dyspal il gy S asnd s o(1416) e

A g siall dpagad ) 3a81 L aals i

A a1 s s g s 53 el b
) B 5 55 5 el 2 Y5 e S 2
ool 21 a2 i 5 Y1 il
1l 2 2l Ul amy (0 s o 11 izl s d
Adid)
i al Ll g g AU Zpohat Ahal s e
g glal
5 gy I o amy (s sl (A gl ) S
sl
tOlmally o g LYy R SNl Jl g 552
L I3t e s B g3 (823 ,4) A el 2
18 ) 35, N I o Dol oty 33 S0 35,0
A 283 Azt Slasi b
Bkt e 5ol e G5 5 o g gt sl
€553 e M5 I ¢ U 2yl a1 e L5y 2
Aol M
R L e L e R B s s..—'A;’\ 3
RN
276 J 3k 3 Wil 5y pmall $ ) 3 st By

@



e gty sl sl £ 4 :(2°6) ol

£38 m

M,nhw:;)lu,‘dﬂhﬂv“&—)‘m"/‘w e S g
g g | J-..lq)f,‘;‘;

ApaSialaad | "””u’)s«d

_k)uyl}dlu)hb\,ll,ﬂuw I.L\Ju,nud «-J

i 2o Akl il g ) Al Mad il g oy

A0 Y adhadl 3 AL ~-‘&£‘ﬁb—:

)

SO A il cmal Y1 e i 0 5 il il 3ty ol U g B b ] ol il gt

(B ins y (gl 5,50 ¢ 33y 5,0 2 Ay ol A Rl ol 5y a2 5 alll Ul e P iy
I st i 0 b o5 g ey ey el a1 ey Rl iy 2l tansYly lady
Ay B ol U e Al W A o cptd pansf O ) e Ny <l

o0 Bay il ol (L3 Ry Rl 2y 2 el (5520 A G 2 (rndd A B ) Sl gl iy
N i g Uy S e el G A 7 oS a3 iy iy
A gy G U el i S G5 Ay § el By iy gl & s

E—
el o 20 ALYy e 20 S e i i) o L2l 3 2 0 3l g L Dol 5L A ik
s Aty o oS iy iy epieally

Table6-2 Branches of the Sacral Plexus and Their Distribution

Branches Distribution

Superior gluteal nerve Gluteus medius, gluteus minimus, and tensor fasciae latae muscles

Inferior gluteal nerve Gluteus maximus muscle

Nerve to piriformis Piriformis muscle

Nerve to obturator internus Obturator internus and superior gemellus muscles

Nerve to quadratus femoris Quadratus femoris and inferior gemellus muscles

Perforating cutaneous nerve Skin over medial aspect of buttock

Posterior cutaneous nerve of thigh Skin over posterior surface of thigh and popliteal fossa, also over lower part of buttock,

scrotum, or labium majus
Sciatic nerve (L4, 5; S1, 2, 3) H i muscla (semitendinosus, biceps femoris [long head], adductor magnus
Tibial portion [h part]), gastroc ius, soleus, pl is, popliteus, tibialis posterior, flexor

dlgnomm longus flexor hallucis longus, and via medial and lateral plantar branches o
muscles of sole of foot; sural branch supplies skin on lateral side of leg and foot

Common peroneal portion 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 cleft between first and second toes. The superficial peroneal
branch supplies the peroneus longus and brevis muscles and skin over lower third of
anterior surface of leg and dorsum of foot

Pudendal nerve Muscles of perineum including the external anal sphincter, mucous membrane of lower half
of anal canal, perianal skin, skin of penis, scrotum, clitoris, and labia majora and minora
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_ uCHES OF THE LUMBAR PLEXUS
mbasscrl Turk
i he anterior ramus of the fourth lumbar nerve
?ﬁl’l « from the medial border of the psoas muscle and
% "ﬁn@mﬁormmus of the fifth lumbar nerve to form the
 the trunk (Figs. 6-13 and 6-14). This trunk now en-

. lvis by passing down in front of the sacroiliac joint
%ﬁ”ﬂ‘e sa’::ral plexus.
ST
r Nerve

ranch of the lumbar plexus (L2, 3, and 4) emerges
the medial border of the psoas muscle in the abdomen
mpanies the lumbosacral trunk down into the

[t crosses the front of the sacroiliac joint and runs for-
4 on the lateral pelvic wall in the angle between the in-
and external iliac vessels (Fig. 6-9). On reaching the
ator canal (i.e., the upper part of the obturator fora-
which is devoid of the obturator membrane), it splits
anterior and posterior divisions that pass through the
to enter the adductor region of the thigh. The distri-

Part of the Sympathetic Trunk

pelvic part of the sympathetic trunk is continuous
e, behind the common iliac vessels, with the abdomi-
part (Fig. 6-14). It runs down behind the rectum on the
front of the sacrum, medial to the anterior sacral foramina.
The sympathetic trunk has four or five segmentally arranged
ganglia. Below, the two trunks converge and finally unite in
front of the coccyx.

Branch
1. Gray rami communicantes to the sacral and coccygeal

nerves.
2. Fibers that join the hypogastric plexuses.
Pelvic Splanchnic Nerves
The_pelvic splanchnic nerves constitute the parasympa-
part of the autonomic nervous system in the pelvis.

Preganglionic fibers arise from the second, third, and
fW!thsacral nerves and synapse in ganglia in the inferior hy-
Pogastric plexus or in the walls of the viscera.

Some of the parasympathetic fibers ascend through the
ol ic plexu_s& and thence via the aortic plexus to the
g or mesenteric plexus. The fibers are then distributed

ong branches of the inferior mesenteric artery to supply

the large bowel fr i
5 ﬁl:rgneal ca:al. om the left colic flexure to the upper half

Superior Hypogastric Plexus

The Superior hypogastric plexus is situated in front of the
tl]?nfoul::.)ntory of the sacrum (Fig. 6-14). It is formed as a con-
i ‘lon of the aortic plexus and from branches of the third
o ourth lumbar sympathetic ganglia. It contains sympa-

¢ and sacral parasympathetic nerve fibers and visceral
€rent nerve fibers. The superior hypogastric plexus di-

Vides inferiorly to form th
iy y rm the right and left hypogastric
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’ Inferior Hypogastric Plexuses

v

The inferior hypogastric plexuses lie on each side of the rec-
tum, the base of the bladder, and the vagina (Fig. 6-14).
Each plexus is formed from a hypogastric nerve (from the
superior hypogastric plexus) and from the pelvic splanch-
nic nerve. It contains postganglionic sympathetic fibers, pre-
ganglionic and postganglionic parasympathetic fibers, and
visceral afferent fibers. Branches pass to the pelvic viscera
via small subsidiary plexuses.

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 internal
iliac arteries (Figs. 6-9 and 6-14).

EXTERNAL ILIAC ARTERY

The external iliac artery runs along the medial border of the
psoas muscle, following the pelvic brim (Fig. 6-9), and gives
off the inferior epigastric and deep circumflex iliac
branches. It leaves the false pelvis by passing under the in-
guinal ligament to become the femoral artery.

ARTERIES OF THE TRUE PELVIS

The following arteries enter the pelvic cavity:(7) internal il-
iac artery, (2) superior rectal artery, (3) ovarian artery, and
(4) median sacral artery.

Internal lliac Artery

The internal iliac artery passes down into the pelvis to the
upper margin of the greater sciatic foramen, where it divides
into anterior and posterior divisions (Fig. 6-9). The branches
of these divisions supply the pelvic viscera, the perineum,
the pelvic walls, and the buttocks. The origin of the terminal
branches is subject to variation, but the usual arrangement
is shown in Diagram 6-1.

Branches of the Anterior Division of the Internal lliac Artery

1. Umbilical artery: From the proximal patent part of the
umbilical artery arises the superior vesical artery,
which supplies the upper portion of the bladder (Fig. 6-
9)

. Obturator artery: This artery runs forward along the lat-
eral wall of the pelvis with the obturator nerve and leaves
the pelvis through the obturator canal.

3. Inferior vesical artery: This artery supplies the base of

the bladder and the prostate and seminal vesicles in the

male; it also gives off the artery to the vas deferens.

. Middle rectal artery: Commonly, this artery arises with
the inferior vesical artery (Fig. 6-9). It supplies the muscle
of the lower rectum and anastomoses with the superior
rectal and inferior rectal arteries.

. Internal pudendal artery: This artery leaves the pelvis
through the greater sciatic foramen and enters the gluteal
region below the piriformis muscle (Fig. 6-9). It enters the
perineum by passing through the lesser sciatic foramen.
The artery then passes forward in the pudendal canal
with the pudendal nerve and by means of its branches
supplies the musculature of the anal canal and the skin
and muscles of the perineum.
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Diagram 6-1 Branches of the Internal lliac Artery

Superior

artery: This artery leaves the pelvis
ter-sciatic foramen below the piriformis
. 6-9). It passes between the first and second
third sacral nerves.

: This artery runs medially on the floor of
nd crosses the ureter superiorly (see Fig. 7-
bove the lateral fornix of the vagina to
uterus. Here it ascends between the layers of
ligament along the lateral margin of the uterus.
following the uterine tube laterally where it
es with the ovarian artery. The uterine artery
aginal branch.

v: This artery usually takes the place of the
vesical artery present in the male. It supplies the
d the base of the bladder.

’ Pmﬁw Division of the Internal lliac Artery

r artery: This artery ascends across the pelvic
or to the external iliac vessels, psoas, and ili-
les.

sacral arteries: These arteries descend in front
cral plexus, giving off branches to neighboring
(Fig. 6-9).

or gluteal artery: This artery leaves the pelvis
the greater sciatic foramen above the piriformis
It supplies the gluteal region.

gluteal artery
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Superior Rectal Artery

‘ X’ The superior rectal artery is a dire i latter
ferior mesenteric artery. The name changes as T N 25 S : <
5 It supplies the mu- e 2 el 5 all el Rl Bl ey o, o

<t continuation of the in-

artery crosses the common iliac artery.
cous membrane of the rectum and the up|
canal.

per half of the anal

R SIS | |

Ovarian Artery e A |t Y Y sl J—"-l: e o e

(The testicular artery enters the inguinal canal and does not L“-y(‘d')‘.f.f;l i e 8 ‘}:-‘3"‘ o ,).:y)

{ enter the pelvis.) The ovarian artery arises from the abdom- . 3,1 23 R v‘u_ : .,-n-\‘ 1 oy ey

i inal part of the aorta at the level of the first lumbar;er:ﬁ!:‘: ay U N als 9""” eV 5 s Loy bib 3auii3
d passes downward 2 St BU ) Joetd T e N JER I .

] The artery is long and slender an i
H ind th itoneum. It crosses the ex : :
4 erally behind the peri o ooy h A v i o o
ent and en- - AR ,.‘ §

," artery at the pelvic inlet and enters the suspensory ligament
of the ovary. It then passes into the broad ligam

| ‘ ters the ovary by way of the mesovarium.

| § awolidl (§5 {1 Iy 2

] Median Sacral Artery ko 1 U‘fﬁ ol IV
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The median sacral artery is a small artery that arises at the bi- 355 J (14-6 S ¥l < 2 o Q42
furcation of the aorta (Fig. 6-14). It descends over the ante- ! cananll s mal) g‘w‘
rior surface of the sacrum and coccyx. ; o Ny st oot ez eadhe o e 55 55 C_ '

The distribution of the visceral branches of the pelvic ar- = e desihe s - J“; Ea.:f t)' ":—." 23
teries is discussed in detail with the individual viscera in T Sl B0 (S
Chapter 7. !
Veins of the Pelvis I TC S I TYY I
EXTERNAL ILIAC VEIN 1 yallall 28,01 daysll ¢
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The external iliac vein begins behind the inguinal ligament
as a continuation of the femoral vein, It runs along the me- o r:‘;u)h oy A8 4_;9; G b Je e gy sl

dial side of the corresponding artery and joins the internal il- ©9-6 JS_2) ‘,Lpﬁl 9‘; 1 gy o S A

iac vein to form the common iliac vein (Fig. 6-9). It re-
ceives the inferior epigastric and deep circumflex iliac .o cilaad) g‘; oYl s‘,hi...h Gy Ly Gl 5

veins.

INTERNAL ILIAC VEIN iideldl (a8 01 Wggll ¢

] The internal iliac vein begins by the joining together of trib- 0l 231 g 5 8 2310 2ty I plaaily BLI 534 0, 0Ty

{ utaries that correspond to the branches of the internal iliac : . { s ey DD !

artery. It passes upward in front of the sacroiliac joint and iz ._l g "’kyl P= e s e o e
o B S AN oy ) ey B

Dol

.',‘ joins the external iliac vein to form the common iliac vein
| Fig. 69). s
| (Fig. 69) (9-6 JSy
| MEDIAN SACRAL VEINS raatal ] A ouall 3-!23‘7‘ 'Y
The median sacral veins accompany the corresponding | sVl et i 2 BN B e 505
f artery and end by joining the left common iliac vein. e i ke ”)J?‘ o
; .)—;gﬂ \;La«l‘ 9‘"‘/“ Ay
E Lymphatics of the Pelvis X .
tpasald m‘. | el &

The lymph nodes and vessels are arranged in a chain along . 5
the main blood vessels. The nodes are named after the =" b el o ke il (i
blood vessels with which they are associated. Thus, there el dor 5 1ISa s Lons 33l 5 & 2o g1 ooy ) et )

are external iliac nodes, internal iliac nodes, and com- Ao i A1 Saall g b\ 288 -1 wiadl 5 a2 P

mon iliac nodes.
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SACROILIAC JOINTS Ol o] Slajovalt Sluadll ¢
The sacroiliac joints are strong synovial joints and are = OMSL Ol 5 DL ODain Luw DL A1 Ol el ODheail)
formed between the auricular surfaces of the sacrum and  ;oudl Loy (156 IS 20y 2.5 41, s oeall Allkin) 2Ladll )
the iliac bones (Fig. 6-15). The sacrum carries the weight of . 20 '__( ot BRGNS o 5 C;)u
the trunk, and, apart from the interlocking of the irregular S O Al 2 2lail Tl p el e Ly ¢ 431 9
articular surfaces, the shape of the bones contributes little &3 jzeall Ltay 41 fy okl L5 5 L5 Sy aly plaall
to the stability of the joints. The strong posterior and in- Ly §i Ui, 15 41 Ls ... ST
terosseous sacroiliac ligaments suspend the sacrum be- ‘J 2 U gokie Gy pmall ey il iy i 3
tween the two iliac bones. The anterior sacroiliac liga-  -Jaid LY & 1 e 25y 58y s P A gy
ment is thin and situated on the anterior aspect of the

joint.
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- A3k o3 disc of fibrocartilage

ht of the trunk tends to thrust the upper end of
downward and rotate the lower end of the bone
6-15). This rotatory movement is prevented by
sacrotuberous and sacrospinous ligaments
previously. The iliolumbar ligament connects

fifth lumbar transverse process to the iliac crest.
limited amount of movement is possible at these

Primary function s to transmit the weight of the
1 the vertebral column to the bony pelvis.

iliac joint is supplied by branches of the sacral

posterior sacroiliac ligament )

symphysis pubis L\ 3 |

sacrotuberous and sacrospinous ligaments

S S mally (g1 g mall S

A sl ot

flium 6 4

sacrum wall

Joint cavity Joadlt O3
sacrotuberous ligament
@31 (6 mall B

Qreater sciatic foramen
S0 457 ) 2

sacrospinous ligament

0 Gl B
lesser sciatic foramen 5 a.all 2.5 BT

anterior and posterior =4,Y! 2y,
symphyseal ligaments 2.4l 2Ly

=

A Figure 6-15 Horizontal section through the pelvis showing the sacroiliac joints and the symphysis

pubis. The lower diagram shows the function of the sacrotuberous and sacrospinous ligaments in

wl'ellldng the rotation force exerted on the sacrum by the weight of the trunk.
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SYMPHYSIS PUBIS

The symphysis pubis is a cartilaginous joint between the hnerg
pubic bones (Fig. 6-15). The articular surfaces are covert
by a layer of hyaline cartilage and are connected logel.her
by a fibrocartilaginous disc. The joint is surrounded by liga-
ments that extend from one pubic bone to the other. Almost
no movement is possible at this joint.

SACROCOCCYGEAL JOINT

The sacrococcygeal jointis a canilaginous_joint between the
bodies of the last sacral vertebra and the first coccygeal ver-
tebra. The cornua of the sacrum and coccyx are joined by
ligaments. A great deal of movement is possible at this joint.

Sex Differences of the Pelvis

The sex differences of the bony pelvis are easily recognized.
The more obvious differences result from the adaptation of
the female pelvis for childbearing. The stronger muscles in
the male are responsible for the thicker bones and more
prominent bony markings (Figs. 6-1 and 6-16).

. The false pelvis is shallow in the female and deep in the
male.

The pelvic inlet is transversely oval in the female but
heart shaped in the male because of the indentation pro-
duced by the promontory of the sacrum in the male.

. The pelvic cavity is roomier in the female than in the
male, and the distance between the inlet and the outlet is
much shorter.

The pelvic outlet is larger in the female than in the male.
The ischial tuberosities are everted in the female and
turned in in the male.

5. The sacrum is shorter, wider, and flatter in the female
than in the male.

The subpubic angle, or pubic arch, is more rounded and
wider in the female than in the male.

RADIOGRAPHIC ANATOMY

~

w

»

>

Radiographic anatomy of the pelvis is fully described in

Chapter 7, page 279 -
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SURFACE ANATOMY
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Surface Landmarks 5
ILIAC CREST ccidyadl cyall ¢
This can be felt through the skin along its entire length L (17-6 JEsYy U Y = i e
617, 6-18, and 6-19). st b (o 6 JS2Y b J¥s s b ST o 4 ﬁ:;jxs-s

ANTERIOR SUPERIOR ILIAC SPINE

This is situated at the anterior end of the iliac crest and lies
at the upper lateral end of the fold of the groin (Figs. 6-17, 6-
18. and 6-19).

POSTERIOR SUPERIOR ILIAC SPINE

This is situated at the posterior end of the iliac crest (Fig. 6-
19). It lies at the bottom of a small skin dimple and on a level
with the second sacral spine, which coincides with the
lower limit of the subarachnoid space; it also coincides with
the level of the middle of the sacroiliac joint.
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&Y Female

Ipper border of the pubis (Figs. 6-17,
to it is the medial end of the in-
rcle can be palpated easily in the
1e scrotum from below with the ex-
female the pubic tubercle can be pal-
teral margin of the labium majus.

bone on the superior surface of the pubic
ubic tubercle (Figs. 6-1 and 6-19).

I Ol 1 puabaad| Juaill

axis of pelvis  2aH! s

Male st

A0 25,3 pubicarch m /\

-16 Pelvic inlet, pelvic outlet, diagonal conjugate, and axis of the pelvis. Lower diagrams
e some of the main differences between the female and the male pelvis.
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Figure 6-19 Relationship between different parts of the pelvis and body surface.
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SYMPHYSIS PUBIS

This is the cartilaginous joint that |
the bodies of the pubic bones (Figs. 6-
palpated as a solid structure th rough th
this region.

ies in the midline between
1 and 6-19). It can l?e
e fat that is presentin

SPINOUS PROCESSES OF SACRUM

These processes (Fig. 6-19) are fused with each other in :23
midline to form the median sacral crest. The crest can :: .
beneath the skin in the uppermost part of the cleft betwe
the buttocks.

SACRAL HIATUS
This is situated on the posterior aspect of the lower en(dFi of
the sacrum, where the extradural space terminates ( gf
6-19). The hiatus lies about 2 inches (5 cm) above the (lee
the coccyx and beneath the skin of the cleft between

buttocks.

coccyx

The inferior surface and tip of the coccyx (Fig. 6-19) can be
t1inch 2.5

palpated in the cleft between the buttocks abou
cm) behind the anus. The anterior surface of the coccyX can
be palpated with the gloved finger in the anal canal.

Viscera

URINARY BLADDER
In adults, the empty bladder is a pelvic organ and lies pos-
terior to the symphysis pubis. As the bladder fills, it rises up
out of the pelvis and comes to lie in the abdomen, where it
can be palpated through the anterior abdominal wall
above the symphysis pubis (Fig. 6-20). The peritoneum cov-
ering the distended bladder becomes peeled off from the
anterior abdominal wall so that the front of the bladder
comes to lie in direct contact with the abdominal wall. (See
page 258)
In children until the age of 6 years the bladder is an ab-
dominal organ even when empty because the capacity of
the pelvic cavity is not great enough to contain it. The neck
of the bladder lies just below the level of the upper border

of the symphysis pubis.

UTERUS
Toward the end of the second month of pregnancy, the fun-
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dus of the uterus can be palpated through the lower part of
the anterior abdominal wall. With the progressive enlarge-
ment of the uterus, the fundus rises above the level of the
umbilicus and reaches the region of the xiphoid process by
the ninth month of pregnancy (Fig. 6-20). Later, when the
presenting part of the fetus, usually the head, descends into
the pelvis, the fundus of the uterus descends also.

RECTAL AND VAGINAL EXAMINATIONS AS A
MEANS OF PALPATING THE PELVIC VISCERA
Bimanual rectoabdominal and vaginal-abdominal exami-

natic.)ns.are extremely valuable methods of palpating the
pelvic viscera; they are described in detail on pages 297and
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umbificus 4.4
pertoneum 3.y

supenorn wall of distended bladder

A 34a2y B G 2el) (o it
body of pubis el sonsr
urinary bladder 5,0 wtd

months

B

6-20 Surface anatomy ¢ of the emp!y‘ dder and the full bladder (A) and the height of the
of the uterus (B) at of pi Note that the peritoneum covering the
dder becomes peeled off from tho anterior abdominal wall so that the front of the
es to lie in direct with the abdominal wall.
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CLNICAL CONCEPT: ThE PELVIS IS A Basin WiTi
#Hours N Irs Wants

The walls of the pelvis are formed by bones .-md.hga-
ments; these are partly lined with muscles (ohmr.:uor inter-
nus and piriformis) covered with fascia and parietal peri-
toneum. On the outside of the pelvis are the attachments of
the gliteal muscles and the obturator externus muscle. 'njt‘
groater part of the bony pelvis is thus sandwiched between
inner and outer muscles.

The basin has anterior, posterior, and lateral walls and an
inferior wall or floor formed by the important levator ani and
coceygens muscles and their covering fascia,

The basin has many holes: The posterior wall has holes
on the anterior surface of the sacrum, the anterior sacral
foramina, for the passage of the anterior rami of the sacral

spinal nerves. The two ligaments, the sacrotuberous and
sacrospinous ligaments, convert the greater and lesser sci-
atic notehes into the greater and lesser sciatic foramina.
The greater sciatic foramen provides an exit from the true
pelvis into the gluteal region for the sciatic nerve, the pu-

dendal nerve, and the gluteal nerves and vessels; the lesser
sciatic foramen provides an entrance into the perineum
from the gluteal region for the pudendal nerve and the in-
ternal pudendal vessels. (One can make a further analogy
here: For the wires to gain entrance to the apartment below
without going through the floor they have to pierce the wall
[greater sciatic foramen] to get outside the building and
then return through a second hole [lesser sciatic foramen].
In the case of the human body the pudendal nerve and in-
ternal pudendal vessels are the wires and the levator ani and
the coccygeus muscles are the floor.)

The lateral pelvic wall has a large hole, the obturator
foramen, which is closed by the obturator membrane,
except for a small opening that permits the obturator nerve
to leave the pelvis and enter the thigh.

ELVIC MEASUREMENTS IN OBSTETRICS

The capacity and shape of the female pelvis are of fun-
damental importance in obstetrics. The female pelvis is well
adapted for the process of childbirth. The pelvis is shallower
and the bones are smoother than in the male. The size of the
pelvic inlet is similar in the two sexes, but in the female the
cavity is larger and cylindrical, and the pelvic outlet is wider
in both the anteroposterior and transverse diameters.

Four terms relating to areas of the pelvis are commonly
used in clinical practice:

1. The pelvic inlet or brim of the true pelvis (Fig. 6-16) is
bounded anteriorly by the symphysis pubis, laterally by
the iliopectineal lines, and posteriorly by the sacral
promontory.

. The pelvic outlet of the true pelvis (Fig. 6-16) is bounded
in front by the pubic arch, laterally by the ischial tuberosi-
ties, and posteriorly by the coccyx. The sacrotuberous lig-
aments also form part of the margin of the outlet.

. The pelvic cavity is the space between the inlet and the
outlet (Fig. 6-16).

. The axis of the pelvis is an imaginary line joining the
central points of the anteroposterior 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 (Figs. 6-16 and 6-21A4).
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al pelvic assessments are made by vaginal exami-
during the later weeks of pregnancy, when the pelvic
are softer and more yielding than in the newly preg-
dition.
arch. Spread the fingers under the pubic arch and
ne its shape. Is it broad or angular? The examiner's
fingers should be able to rest comfortably in the an-
» below the symphysis.
walls. Palpate the lateral walls and determine
[ er they are concave, straight, or converging. The
ominence of the ischial spines and the position of the
inous ligaments are noted.
wall. The sacrum is palpated to determine
ether it is straight or well curved. Finally, if the patient
relaxed the perineum sufficiently, an attempt is made
pate the promontory of the sacrum. The second fin-
- of the examining hand is placed on the promontory,
the index finger of the free hand, outside the vagina,
ed at the point on the examining hand where it
contact with the lower border of the symphysis.
ingers are then withdrawn and the distance mea-
(Fig. 6:21B), providing the measurement of the di-
conjugate, which is normally about 5 inches (13
The anteroposterior diameter from the sacrococ-
joint to the lower border of the symphysis is then
ted.
al tuberosities. The distance between the ischial
_ ities may be estimated by using the closed fist
* (Fig. 621D). It measures about 4 inches (10 cm), but it is
fficult to measure exactly.
edless to say, considerable clinical experience is re-
 be able to assess the shape and size of the pelvis
] nal examination.

ABNORMALITIES AND VARIETIES OF THE FEMALE

#PELVIS

~ Deformities of the pelvis may be responsible for dystocia

(difficult labor). A contracted pelvis may obstruct the nor-

mal passage of the fetus. It may be indirectly responsible for

dystocia by causing conditions such as malpresentation or
tion of the fetus, premature rupture of the fetal mem-

branes, and uterine inertia.

The cause of pelvic deformities may be congenital (rare)
oracquired from disease, poor posture, or fractures caused
by injury. Pelvic deformities are more common in women
who have grown up in a poor environment and are under-
nourished. It is probable that these women suffered in their
youth from minor degrees of rickets.

In 1933, Caldwell and Moloy classified pelves into four
groups: gynecoid, android, anthropoid, and platypelloid
S:Fol& 621C).The gynecoid type, present in about 41% of

men, is the typical female pelvis that has been previously
s typ pe p

Al bt

The android type, present in about 33% of white females
and'169§ of black females, is the male or funnelshaped
pelvis with a contracted outlet.

The anthropoid type, present in about 24% of white fe-

Males and 41% of black females, is long, narrow, and oval
shaped

The Platypelloid type, present in only about 2% of
Women, is a wide pelvis flattened at the brim, with the
Promontory of the sacrum pushed forward.
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measuring transverse diameter of pelvic outlet et g el el A

Figure 6-21 A. Birth canal. Interrupted line indicates the axis of the canal. B. Procedure used in
measuring the diagonal conjugate. C. Different types of pelvic inlet, according to Caldwell and

Moloy. D. Estimation of the width of the pelvic outlet by means of a closed fist. Py
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JFRACTURES OF THE PELVIS oy, vast| yus

Fractures of the False Pelvis 1 =

: SIS ogad! yguS
Fractures of the false pelvis caused by direct trauma oc-  *J=5 JS= 2le 5 e ol LsiS vasdl -
@ﬁonally occur. The upper part of the ilium is seldom dis- 2.5 A alad LG 235

P S s

Sl B 1

because of the attachment of the iliacus muscle on - 7 SUN -3
he inside and the gluteal muscles on the outside. T o e 3 N oy :\j a ks
: HS, s anle
Fractures of the True Pelvis : Al gl P
il =

The mechanism of these fractures can be better under- B A AU ety L ey, Saiaali 5 s
stood if the pelvis is regarded not only as a basin but also as o~ L Gils .(22-6 IS Aty 2 iiinS Fiiadage
anigidring (Fig. 6-22). Thering ismade up of the pubicrami. . .y ., 2 ( da s ) 'b-. el
the ischium, the acetabulum, the ilium, and the sacrum, : G s e e sy
oined by strong ligaments at the sacroiliac and symphyseal Jadlly (B gl Ladll B e 5 2 U L e a3 L
ﬁ oints. If the ring breaks at any one point, the fracture willbe S0 2~ 23liioia o aabas 513 S Sus n;,;_ 3
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stable and no displacement will occur. However, if two  , ., o N .
> ake occur in the ring, the fracture will be unstable and  %,”7— <*= Bl edis il oy (J49) st S s 1S
ent will occur because the postvertebral and ab- 9 (J43) Pl Sty 22 2 S SR
Jominal muscles will shorten and elevate the lateral partof .. 4 iyl i T e el
is (Fig. 6-22). The break in the ring may occur not as 7 :- e i L)
the result of a fmctl:xre but as the result of disruption of the 7~
sacroiliac or symphyseal joints. Fracture of bone on either WY1 Lail o B2 (S mall Laill (vig) 33F L
sideof thejointis more common than disruption of the joint. J ;J_ s ,;‘ T SR o
The forces responsible for the disruption of the bony ring S e R S R

2 o~ M 3 ld Sy 15 (226 1S 50

may be anteroposterior compression, lateral compression, + Jeailt
orshearing. ol Sl o L 2 G e Ul 6 05 5
A heavy fall on the greater trochanter of the femur may b3 o S blazl J S
e the head of the femur through the floor of the acetab- 1 55 _y isall <o, R :
£ g : i S0, o W PR e P
ulum into the pelvic cavity. e e e g o
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Fractures of the Sacrum and Coccyx : pananlly jaall ypu

Fractures of the lateral mass of the sacrum may occuras ¢ o>~ 5 or oS pmall i 25U A s
part of a pelvic fracture. Fractures of the coccyx are rare. ¢ I o o 35 e s 3
However, coccydynia is common and is usually caused by = el Joy 80 B panaal )y ST U
direct trauma to the coccyx, as in falling down a flight of NP AI GBS janaadl o Sl 5, 2 83l o say g gt
concrete steps. The anterior surface of the coccyx can be gl i wor S5y el Ul oY1 0 sl 2 Sl 2 ‘,»':-\u..'\'\

palpated with a rectal examination. B ) i i A
Minor Fractures of the Pelvis 10aald (6 shiall jguSd| e

The anterior superior iliac spine may be pulled off by the Uaall (545 Lol Lot 2l ay ylall 2.5 31 37,20 S
forcible contraction of the sartorius muscle in athletes (Fig: ¢ =5 of - e 2012 25 Ls v AN A
622). In a similar manner the anterior inferior iliac spine t’:‘ e - u’m‘ '(?2 6 J‘_ —l) Gl N e b
may be avulsed by the contraction of the rectus femoris il Al 2 L5 a3 e LY i) 15 41 37,0
muscle (origin of the straight head). The ischial tuberosity s LY 4y g7 of Sy (it AN Ly 23l
can be avulsed by the contraction of the hamstring muscles. S A PVl Sl St of Ke . alll s ook %

Healing may occur by fibrous union, possibly resulting in 3 SRS
elongation of the muscle unit and some reduction in mus- Al 5USY 3 a3ty 2ladl s ) J gl oy OF S0

cular efficiency. ek S NG e
Anatomy of Complications of Pelvic e e u‘,ﬂ ot H »'u’.ﬂ: &
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Fractures of the true pelvis are commonl i
ractur y associated . e n 5
with injuries to the soft pelvic tissues. HSPIRWRE BPR S-S5  SCPRR N W g S P

If damaged, the thin pelvic veins, namely, the internal il- e iud Lo B B 3 as s ) el b
lac veins and their tributaries, that lie in the pari i )15 i q—‘ M 1:: i}ﬁ

2 3 parietal pelvic Sy M sl s
fascial ,beneath the parietal peritoneum can be the source of 25 ek i odn Ol ) Bl ¢
dmassive hemorrhage, which may be life-threatening. " )
She?refra male urethra is often damaged, especially in vertical 3 &S b ;S G 2ol S ) 0 2 L LIS

ctures that may disrupt the urogenital diaphragm. ; P 3 5 ' 2
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Figure 6-22 A-C. Different types of fractures of the pelvic basin. D. Avulsion fr.lctur?s of the pelyis.

The sartorius muscle is responsible for the avulsion of the anterior superior iliac spine, the straight

head of the rectus femoris muscle for the avulsion of the anterior inferior iliac spine, and the ham-

string muscles for the avulsion of the ischial tuberosity.
Al 0o U ypnn Agdalidl) Aaall . 2 gall LeYAN) g D .2 gad S0 29 L)) 3aid C-A 3(22-6) 2
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The rectum lies within the concavity of the sacrum and is
protected and rarely damaged. Fractures of the sacrum or is-
chial spine may be thrust into the pelvic cavity, tearing the
rectum.

Nerve injuries can follow sacral fractures; the laying
down of fibrous tissue around the anterior or posterior nerve
roots or the branches of the sacral spinal nerves can result in
persistent pain.

Damage to the sciatic nerve may occur in fractures in-
volving the boundaries of the greater sciatic notch. The per-
oneal part of the sciatic nerve is most often involved, result-
ing in the inability of a conscious patient to dorsiflex the
ankle joint or failure of an unconscious patient to reflexly
plantar-flex (ankle jerk) the foot. (See ch10))-

PeLvic FLOOR

The pelvic diaphragm is a guttershaped sheet of muscle
formed by the levatores ani and coccygeus muscles and
their covering fasciae. From their origin, the muscle fibers
on the two sides slope downward and backward to the mid-
line, producing a gutter that slopes downward and forward.

Arise in the intra-abdominal pressure, caused by the con-
traction of the diaphragm and the muscles of the anterior
and lateral abdominal walls, is counteracted by the con-
traction of the muscles forming the pelvic floor. By this
means the pelvic viscera are supported and do not “drop
out” through the pelvic outlet. Contraction of the puborec-
talis fibers greatly assists the anal sphincters in maintaining
continence under these conditions by pulling the anorectal
junction upward and forward. During the act of defecation,
however, the levator ani continues to support the pelvic vis-
cera but the puborectalis fibers relax with the anal sphinc-
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Functional Significance in the Female

he female pelvic floor serves an important function dur-
ing the second stage of labor (Fig, 6-23). At the pelvic inlet
widest diameter is transverse 50 that the longest axis of
the baby's head (anteroposterior) takes up the transverse
?umon. When the head reaches the pelvic floor, the gutter
shape of the floor tends to cause the baby's head to rotate so
its long axis comes to lie in the anteroposterior position.
The occipital part of the head now moves downward and
along the gutter until it lies under the pubic arch. As
baby's head passes through the lower part of the birth
, the small gap that exists in the anterior part of the
¢ diaphragm becomes enormously enlarged so that the
head may slip through into the perineum. Once the baby
through the perineum, the levatores ani muscles

| and take up their previous position.

Injury to the Pelvic Floor

Injury to the pelvic floor during a difficult childbirth can
result in the loss of support for the pelvic viscera leading to
aterine and vaginal prolapse, herniation of the bladder

), and alteration in the position of the bladder

and urethra, leading to stress incontinence. In the

Jatter condition, the patient dribbles urine whenever the in-

{ra-abdominal pressure is raised, as in coughing. Prolapse
of the rectum may also occur.

SACRAL PLEXUS
Pressure From the Fetal Head

During the later stages of pregnancy, when the fetal head
has descended into the pelvis, the mother often complains
of discomfort or aching pain extending down one of the
lower limbs. The discomfort, caused by pressure from the fe-
tal head, is often relieved by changing position, such as ly-
ing on the side in bed.

Invasion by Malignant Tumors

The nerves of the sacral plexus can become invaded by
malignant tumors extending from neighboring viscera. A
carcinoma of the rectum, for example, can cause severe in-
tractable pain down the lower limbs.

OBTURATOR NERVE
Referred Pain

The obturator nerve lies on the lateral wall of the pelvis
and supplies the parietal peritoneum. An inflamed ap-
pendix hanging down into the pelvic cavity could cause ir-
Titation of the obturator nerve endings, leading to referred
pain down the inner side of the right thigh. Inflammation of
the ovaries can produce similar symptoms.

SACRUM

The first sacral vertebra can be partly or completely sep-
arated from the second sacral vertebra. Occasionally, on ra-
diographs of the vertebral column, examples are seen in
which the fifth lumbar vertebra has fused with the first sacral
vertebra,

Trauma

Trauma to the true pelvis can result in fracture of the lat-
eral mass of the sacrum. (See p. 240)-
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Figure 6-23 Stages in rotation of the baby’s head during the second stage of labor. The shape of
the pelvic floor plays an important part in this process.

Al o3a 3 Ll 99 Gagad dpa f IS5 qaly . aldal G 0D ll LB Cuind) Gy s dala :(23-6) ey

‘IEAUDAL ANESTHESIA (ANALGESIA)

Anesthetic solutions can be injected into the sacral canal
through the sacral hiatus. The solutions then act on the
spinal roots of the second, third, fourth, and fifth sacral and
coccygeal segments of the cord as they emerge from the
dura mater. The roots of higher spinal segments can also be
blocked by this method. The needle must be confined to the
lower part of the sacral canal because the meninges extend
down as far as the lower border of the second sacral verte-
bra. Caudal anesthesia is used in obstetrics to block pain
fibers from the cervix of the uterus and to anesthetize the
perineum.
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Changes With Pregnancy

During pregnancy, the symphysis pubis and the liga-
ments of the sacroiliac and sacrococcygeal joints undergo
softening in response to hormones, thus increasing the mo-
bility and increasing the potential size of the pelvis during
childbirth. The hormones responsible are estrogen and pro-
gesterone produced by the ovary and the placenta. An ad-
ditional hormone, called relaxin, produced by these organs
can also have a relaxing effect on the pelyic ligaments.
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panges with Age :
eaton o ghe cavity in the sacroiliac joint occurs in
ODse&ei after middle age.
s

croiliac Joint Disease

joint is innervated by the lower |

pes so that disease in the joint can pr‘:)?::;

and bsaﬂck pain and pain referred along the sciatic nerve (sci-

o

yica) iliac joint is inaccessible to clinical examina-

The sacf‘;n a small area located just medial to andat:::?):;

ton- P rior superior iliac spine is where the joint comes

m;g::o the surface. In disease of the lumbosacral region

d ments of the vertebral column in any direction causé

““7:1 inthe Jumbosacral part of the column. In sacroiliac dis-

pail in is extreme on rotation of the vertebral column
s worst at the end of forward flexion. The latter move-

o causes pain because the hamstring muscles (see.ch
hold the hip bones in position while the sacrum is ro-

},?ng forward as the vertebral column is flexed.

. Sacroiliac
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Clinical Problem Solving

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

A 65-year-old man with a history of prostatic en-
largement complained that he could not mic-
turate. The last time that he passed urine had
been 6 hours previously. He was found lying on
his bed in great distress, clutching his anterior

abdominal wall with both hands and pleading
for something to be done quickly. On examina-
tion, a large ovoid swelling could be palpated
through the abdominal wall above the symph-
ysis pubis.

1. In this patient the following facts are correct except:

A. In the adult the urinary bladder is a pelvic structure.

B. When the bladder fills the superior wall of the blad-
der rises out of the pelvis.

C. When the bladder becomes filled it never reaches a
level above the umbilicus.

D. The swelling is dull on percussion.

E. Pressure on the swelling exacerbates the symptoms.

A 43-year-old woman was operated on in the
perineum to drain an ischial rectal abscess. The
abscess extended deeply to the region of the
anorectal junction. The surgeon, to obtain better
drainage, decided to cut the puborectalis mus-
cle. Three days later the patient complained of
fecal incontinence.

2. The symptoms displayed by this patient could be ex-
plained by the following facts except:

A. Anal continence is maintained by the tone of the in-
ternal and external sphincters and the puborectalis
muscle.

The puborectalis fibers are a part of the levator ani
muscle.

The puborectalis fibers pass around the anorectal
junction.

The puborectalis muscle slings the anorectal junc-
tion up to the back of the body of the pubis.

The puborectalis muscle plays only a minor role in
preserving anal continence.

B.
G
D.
E.

A h_eavily built, middle-aged man running down
a flight of stone steps misjudged the position of
one of the steps and fell suddenly onto his but-
tocl;s: Following the fall he complained of severe
bruising of the area of the cleft between the but-
tocks and persistent pain in this area.

3. The following facts concerning this patient are correct
except:

/ '{he lower end of the vertebral column was trauma-

tized by the stone step.

The coccyx can be palpated beneath the skin in the

natal cleft.

. The anterior surface of the

clinically.

. The coceyx is usually severely bruised or fractured.

Thz ggm is felt in the distribution of dermatomes S4

and S5.

coccyx cannot be felt
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28-yearold pregnant woman was very fright-
ened by the thought of going through the pain of
chlldb""“ She asked her obstetrician if it was
gsible to relieve the pain without having a
g,ngrnl anesthetic. She was told that she could
have a relatively simple procedure called caudal
.n..theala.
When performing caudal anesthesia the syringe needle
s inserted into the sacral canal by piercing the follow-
jng anatomic structures except:
A. Skin.
B. Fascia.
C. Ligaments.
D. Sacral hiatus.
E. Dura mater.

An elderly woman was run over by an automo-
pile as she was crossing the road. X-ray exami-
nation of the pelvis in the emergency depart-
ment of the local hospital revealed a fracture of
the ilium and iliac crest on the left side.

=

5, The following facts about fractures of the pelvis are cor-
rect except:

A. Fractures of the ilium have little displacement.

B. Displacement is prevented by the presence of the ili-
acus and the gluteal muscles on the inner and outer
surfaces of this bone, respectively.

C. If two fractures occur in the ring forming the true
pelvis the fracture will be unstable and displacement
will occur.

D. Fractures of the true pelvis do not cause injury to the
pelvic viscera.

E. The postvertebral and abdominal muscles are re-
sponsible for elevating the lateral part of the pelvis
should two fractures occur.

F. A heavy fall on the greater trochanter of the femur
may drive the head of the femur through the floor of
the acetabulum and into the pelvic cavity,

A pregnant woman visited an antenatal clinic. A
vaginal examination revealed that the sacral
promontory could be easily palpated and that
the diagonal conjugate measured less than 4
inches.

6. The following facts concerning this examination are

correct except:

A. Normally it is difficult or impossible to feel the sacral
promontory by means of a vaginal examination.

B. The normal diagonal conjugate measures about 10
inches (25 cm).

C. This patient’s pelvis was flattened anteroposteriorly,
and the sacral promontory projected too far forward.

D. It is likely that this patient would have an obstructed
labor.

E. This patient was advised to have a cesarean section.
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Answers to Clinical Problems

1. C. In extreme cases of urethral obstruction in the male,
the superior wall of the bladder has been known to
reach the costal margin.

. E. The puborectalis muscle is one of the most important
sphincters of the anal canal.

3. C. The anterior surface of the coccyx can be palpated

with a gloved finger placed in the anal canal.

o

4. E. The dura mater extends down in the sacral canal only
as far as the lower border of the second sacral vertebra.
It lies about 47 mm above the sacral hiatus in the adult.

. D. Fractures of the true pelvis are commonly associated
with injuries to the soft pelvic viscera, especially the
bladder and the urethra.

6. B. The normal diagonal conjugate measures about 5

inches (11.5 cm).
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cemesermone._1@tiONAI Board Type Questions

1. All the following statements concerning the pelvis are

true excepl:

A. The ilium, ischium, and pubis are three separate
bones that fuse together to form the hip bone at the
25th year of life.

B. The platypelloid type of pelvis occurs in about 2%
of women.

C. External pelvic measurements have little practical
importance in determining whether a dispropor-
tion between the size of the fetal head and the size

of the pelvic inlet is likely.

D. The pelvic outlet is formed by the symphysis pubis
anteriorly, the ischial tuberosities laterally, the
sacrotuberous ligaments laterally, and the coceyx
posteriorly.

E. The sacrum is shorter, wider, and flatter in the fe-
male than in the male.

2. The following statements concerning structures that
leave the pelvis are true except:
A. The sciatic nerve leaves the pelvis through the
greater sciatic foramen.
B. The piriformis muscle leaves the pelvis through the
greater sciatic foramen.

C. The external iliac artery passes beneath the in-
guinal ligament to become the femoral artery.

D. The obturator nerve leaves the pelvis through the
lesser sciatic foramen.

E. The inferior gluteal artery leaves the pelvis through
the greater sciatic foramen.

3. The following statements concerning the muscles and
fascia in the pelvis are true except:

A. The levator ani muscle is innervated by the per-
ineal branch of the fourth sacral nerve and from the
perineal branch of the pudendal nerve.

B. In the pelvis the fascia is divided into parietal and
visceral layers.

C. The iliococcygeus muscle arises from a thickening
of the obturator internus fascia.

D. The pelvic diaphragm is strong and has no open-
ings.

E 1'|'|8es visceral layer of pelvic fascia forms important
ligaments that help support the uterus.

4. The following statements concerning the nerves of the
pelvic cavity are true except:

A. The inferior hypogastric plexus contains both sym-
pathetic and parasympathetic nerves.

B. The sacral plexus lies behind the rectum.

C. The pelvic part of the sympathetic trunk possesses
both white and gray rami communicantes.

D. The superior hypogastric plexus is formed from the
aortic sympathetic plexus and branches of the lum-
bar sympathetic ganglia.

E. The anterior rami of the upper four sacral nerves
emerge into the pelvis through the anterior sacral
foramina.

5. The following statements concerning the bony pelvis
are true except:

A. When a patient is in the standing position, the an-
terior superior iliac spines lie vertically above the
anterior surface of the symphysis pubis.
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very little movement is possible at the sacrococ-
" cyseal joint.
¢. The false pelvis helps guide the fetus into the true
pelvis during labor.
D. The female sex hormones cause a relaxation of the
ligaments of the pelvis during pregnancy.

E. Obliteration of the cavity of the sacroiliac joint of-

ten occurs in both sexes after middle age.

Match the nerve below with the segmental origin:

6. Sciatic nerve
7. Pudendal nerve
8. Pelvic splanchnic nerve
9. Obturator nerve
A. 12,3,and 4
B. 14,5;51,2,3

C. 82,3,and 4
D. Sland2
E. L3,4;81,2

Match the artery below with its origin:

10. Superior rectal artery

11. Ovarian artery

12. Uterine artery

13. Middle rectal artery

14. Superior gluteal artery
A. Superior mesenteric artery
B. Abdominal part of aorta
C. Renal artery
D. Internal iliac artery

E. None of the above

Match the muscles of the pelvic walls listed below with the
appropriate motor nerve supply. Each lettered answer may be
selected once or more than once.

15. Obturator internus

16. Iliococcygeus

17. Piriformis

18. Coccygeus
A. Lumbar plexus
B. Hypogastric plexuses
C. Sacral nerves or plexus
D. Sympathetic trunks
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CHAPTER

The Pelvis: Part II
The Pelvic Cavity

62-year-old man visited his physician for an annual physical examination.

He appeared to be in very good health and had no complaints. A general

examination revealed nothing abnormal. The physician then told the pa-
tient that he was about to perform a rectal examination. At first the patient objected,
saying that he did not feel it was necessary because nothing abnormal was found a
year ago. The physician persisted and finally the patient agreed to the examination.

A small hard nodule was found projecting from the posterior éurface of the
prostate. No other abnormalities were discovered. The patient was informed of the
findings, and the possibility that the nodule was malignant was explained. The patient
was very upset, especially because he had no abnormal urinary symptoms.

Additional laboratory and radiologic tests were performed, and the prostatic spe-
cific antigen (PSA) level in the blood was found to be well above the normal range. No
evidence of pelvic lymphatic enlargement was seen on pelvic computed tomographic
(CT) scans and no evidence of bone metastases was seen on bone scans of the skele-
ton. A diagnosis of early cancer of the prostate was made and was later confirmed by
a needle biopsy of prostatic tissue through the anterior wall of the rectum.

This case illustrates how a physician in general practice who has good knowledge
of the relevant anatomic features of the pelvis can recognize an abnormal prostate
when it is palpated through the anterior rectal wall. This patient later had the prostate

removed, and the prognosis was excellent,
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CHAPTER OBIECTIVE

Phe pelvie vavity contaiig the  Jower ends of the
intestinnl  and orinary faets and the Inteinal organs of
reproduction, as wall as thelr nerve supply, blood supply,
and lymphatic diginnge. The organs project up into the
peritoneal cavity, cousing the peritonenn o be draped over
them i folds, producing tmportant fossie that are the sites
for the gecamulation of blood amd pus in different types of

pelvic disense '
The physician ds often confronted — with problems

involving infections, njuries, and prolapses of the rectum,
uterns,  and vaging, Pmergency situations involving the
bladder, the pregnant uterus, eotople pruunmw{. spont-
aneons abortion, or acute pelvie inflammatory disease are
examples of problem found in the female, The urinary
bladder and the proatate in the male are frequent sites of

diseane, .
The purpose of this chapter is to consider the important

anatomy relative o commaon elinleal conditions involving
the pelvic organs

BASIC ANATOMY

The pelvic cavity, or cavity of the true pelvis, can be defined
as the aren betweon the pelvie inlet and the pelvie outlet, It
is customary to subdivide it by the pelvie diaphragm into the
main pelvie cavity above and the perineum below (Fig, 7-1).
This chapter is concerned with the contents of the main
pelvie cavity, A detailed desceription of the perineum is
given in Chapter 8,

Contents of the Pelvie Cavity

SIGMOID COLON

Location and Description

The sigmoid colon is about 10 to 15 inches (25-38 cm) long
and begins as a continuation of the descending colon in
front of the pelvie brim, Below, it becomes continuous with
the rectum in front of the third sacral vertebra, The sigmoid
colon is mobile and hangs down into the pelvic cavity in the

form of a loop,
The sigmoid colon is attached to the posterior pelvic wall

by the fanshaped sigmold mesocolon, The curves of the

sigmoid colon vary, but it usually curves to the right of the

midline before joining the rectum,

Relations

® Anteriorly: In the male, the urinary bladder; in the fe-
male, the posterior surface of the uterus and the upper

part of the vagina,
® Posteriorly: The rectum and the sacrum, The sigmoid
colon is also related to the lower coils of the terminal part

of the ileum,

Blood Supply
Arteries

Sigmoid branches of the inferior mesenteric artery,
Veins
Tributaries of the inferior mesenteric vein, which joins the

portal venous system

Lymph Drainage
Nodes along the course of the sigmoid arteries; from these
nodes the lymph travels to the inferior mesenteric nodes.
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thoracic cavity (s ,uall s ges]

Figure 7-1 Coronal section through the thorax,
dominal, and pelvic cavities and the perineum.
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Nerve Supply

Sympathetic and parasympathetic nerves from the inferior
hypogastric plexuses.

RECTUM

Location and Description

The rectum is about 5 inches (13 cm) long and begins .in
front of the third sacral vertebra as a continuation of the sig-
moid colon. It passes downward, following thg curve of the
sicrum and coceyx, and ends in front of the tip of 'the coc-
ok by piercing the pelvic diaphragm and becoming con-
tinvous with the anal canal. The lower part of the rectum is
dlated to form the rectal ampulla.

When examined from in front, the rectum is seen to de-
Ve to the left, but jt quickly returns to the median plane
(Fig. 7:2). When seen on lateral view, the rectum follows the
anleriorconcavity of the sacrum before bending do_wnward
@d backward a its junction with the anal canal (Fig. 7-3).

1€ Puborectalis portion of the levator ani muscleg forms
*sing (see p. 307) at the junction of the rectum with the

forcanal and s responsible for pulling this part of the
el forwarg, producing the anorectal angle.
Ofth ® Peritoneum covers the anterior and lateral surf:fxces
ft - lm third of the rectum and only the anterior su acns
top em'd,dle third, leaving the lower third devoid of pe
eum (Figs. 73 and 7-10).
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Figure 7-2 Coronal section through the pelvis showing the rectum and the pelvic floor.
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The muscular coat of the rectum is arranged in the usual
outer longitudinal and inner circular layers of smooth mus-
cle. The three teniae coli of the sigmoid colon, however,
come together so that the longitudinal fibers form a broad
band on the anterior and posterior surfaces of the rectum.

The mucous membrane of the rectum, together with the
circular muscle layers, forms three | 2rmanent folds called
the transverse folds of the rectum (Fig. 7-2). These folds
are semicircular and vary in number and position.

Relations

® Posteriorly: The rectum is in contact with the sacrum
and coccyx; the piriformis, cocceygeus, and levatores ani
muscles; the sacral plexus; and the sympathetic trunks
(see Fig. 6-14).

© Anteriorly: In the male the upper two-thirds of the rec-
turq. which is covered by peritoneum, is related to the sig-
moid colon and coils of ileum that occupy the rectovesi-
cal popch. The lower third of the rectum, which is devoid
of peritoneum, is related to the posterior surface of the
blad_der, to the termination of the vas deferens and the
seminal vesicles on each side, and to the prostate. These
structures are embedded in visceral pelvic fascia (Fig.

In the female the upper two-thirds of the rectum, which
is covered by peritoneum, is related to the sigmoid colon
and coils of ileum that occupy the rectouterine pouch
(pouch of Douglas). The lower third of the rectum, which is
devoid of peritoneum, is related to the posterior surface of
the vagina (Fig. 7-10).
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Figure 7-3  Sagittal section of the male pelvis.

Blood Supply
Arteries

The superior, middle, and inferior rectal arteries (Fig. 74).
The superior rectal artery is a direct continuation of
the inferior mesenteric artery and is the chief artery supply-
ing the mucous membrane. It enters the pelvis by descend-
ing in the root of the sigmoid mesocolon and divides into
right and left branches, which at first lie behind the rectum
and then pierce the muscular coat and supply the mucous
membrane. They anastomose with one another and with the
middle and inferior rectal arteries. .

The middle rectal artery is a small branch of the inter-
nal iliac artery. It runs forward and medially to the rectum,
1o be distributed mainly to the muscular coat.

The inferior rectal artery is a branch of the internal pu-
dendal artery in the perineum. It anastomoses with the mid-
dle recta] artery at the anorectal junction.

Veins

The veing of the rectum correspond to the aneries, The su-

tior recta] vein is a tributary of the portal circulation

d drains into the inferior mesenteric vein. The middle
ferior rectal veins drain into the internal iliac and

Mal pudendal veins, respectively. The unionl I)etwtfon

‘r:e "ectal veins forms an important portal-systemic anasto-
0515, (Sea Chapter 5.)
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Figure 7-4 Blood supply to the rectum (A) and the transverse folds of the rectum (B) as seen

through a sigmoidoscope.
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Lymph Drainage

The lymph vessels of the rectum drain into the pararectal
nodes. Lymph vessels then accompany the superior rectal

artery to the inferior mesenteric nodes, Lymph vessels from
the lower part of the rectum follow the middle rectal artery
to the internal iliac nodes.

Nerve Supply

Sympalhe}ic and parasympathetic nerves from the inferior
hypogastric plexuses. The rectum is only sensitive to stretch.
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pelvic Viscera in the Male

tum, sigmoid colon, and terminal coils of ileum oc-
The re,;:e posterior part of the pelvic cavity in both sexes, as
cupy'bed above. The contents of the anterior part of the
pelvicca"“y in the male are described in the following sec-
tions-

URETERS
Each ureter is a muscular tube that extends from.the kidney
the posterior surface of the bladder. Its abdominal course
;': described on page 143 S ) :
The ureter enters the pelvis by crossing the blf.urca(mn of
the common iliac artery in front of the sacroiliaq |9inl. Each
reter then runs down the lateral wall of lhe_ pelvis mllront of
i internal iliac artery to the region of the ischial spine and
$em forward to enter the lateral angle of the bladder (Fig. 7-
8). Near its termination it is crossed by the vas deferens. The
reter obliquely through the wall of the bladder for
:boul 3/4 inch (1.9 cm) before opening into the bladder.
Constrictions
The ureter three constrictions: (1) wher.e }he_renal
Ivis joins the ureter in the abdomen, (2) where.lt is kinked
E:"i' crosses the pelvic brim to enter the pelvis, and )
where it pierces the bladder wall..
The blood supply, lymph drainage, and nerve supply of
the ureter are described on page 144

URINARY BLADDER

Location and Description

The urinary bladder is situated immediately behind the pu-
bic bones (Fig. 7-3) within the pelvis. It is a receptacle for the
storage of urine and in the adult has a maximum capacity of
about 500 mL. The bladder has a strong muscular wall. Its
shape and relations vary according to the amount of urine
that it contains. The empty bladder in the adult lies entirely
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within the pelvis; as the bladder fills, its superior wall rises
up into the hypogastric region (Fig. 7-6). In the young child
the empty bladder projects above the pelvic inlet; later,
when the pelvic cavity enlarges, the bladder sinks into the
pelvis to take up the adult position.

The empty bladder is pyramidal (Fig. 7-5), having an
apex, a base, and a superior and two inferolateral surfaces:
italso has a neck.

The apex of the bladder points anteriorly and lies behind
the upper margin of the symphysis pubis (Figs. 7-3 and 7-6).
Itis connected to the umbilicus by the median umbilical
ligament (remains of urachus).

The base, or posterior surface of the bladder, faces pos-
teriorly and is triangular. The superolateral angles are joined
by the ureters, and the inferior angle gives rise to the urethra
(Fig. 7-5). The two vasa deferentia lie side by side on the pos-
terior surface of the bladder and separate the seminal vesi-
cles from each other (Fig. 7-5). The upper part of the poste-
riorsurface of the bladder is covered by peritoneum, which
forms the anterior wall of the rectovesical pouch. The lower

part of the posterior surface is separated from the rectum by
the vasa deferentia, the seminal vesicles, and the rectovesi-
cal fascia (Fig. 7-3).

The superior surface of the bladder is covered with
peritoneum and is related to coils of ileum or sigmoid colon
(Fig. 7:3). Along the lateral margins of this surface, the peri-
toneum is reflected onto the lateral pelvic walls.
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Figure 7-5. A. Lateral view of the bladder, prostate, and left seminal vesicle. B. Posterior view of
the bladder, prostate, vasa deferentia, and seminal vesicles.

-Cmial) iy gall g Cop gl g Lgall g Al LAS e (B) . pead¥) (s giall Juaay gl 45 gall g Aiall ila e (A) 3(5-7) JS4

As the bladder fills it becomes ovoid, and the superior
surface bulges upward into the abdominal cavity. The peri-
toneal covering is peeled off the lower part of the anterior
abdominal wall so that the bladder comes into direct con-
tact with the anterior abdominal wall.

The inferolateral surfaces are related in front to the
retropubic pad of fat and the pubic bones. More posteri-
orly, they lie in contact with the obturator internus muscle
above and the levator ani muscle below.
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Figure 7-6. A. Lateral view of the bladder. Note that the superior wall rises as viscus fills with
urine. Note also that the peritoneum covering the superior surface of the bladder is peeled off
from the anterior abdominal wall as the bladder fills. B. Interior of the bladder in the male as seen

from in front.

e il bl of L Ba¥ g iy ARl 55 Ly il Al g slal Jn) f B AN iy e 1(6-7) S
ALl s 5 Las S5 i Aia by (B) A 250 Latie ol el Jlaad g (SEE8) At Aall 6 gl

The neck of the bladder lies inferiorly and rests on the
upper surface of the prostate (Fig. 7-5). Here, the smooth
n}uscle fibers of the bladder wall are continuous with those
of the prostate. The neck of the bladder is held in position
by the puboprostatic ligaments in the male and the pub-
&Mﬂd ligaments in the female. These ligaments are

ickenings of the pelvic fascia.
ma‘it:hen the bladder fills, the posterior surface and neck re-
aib. more or less unchanged in position, but the superior

Ce rises into the abdomen as described in the previous

Paragraphs,
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The mucous membrane of the greater part of the empty
bladder is thrown into folds that disappear when the blad-
der is full. The area of mucous membrane covering the in-
ternal surface of the base of the bladder is referred to as the
trigone. Here, the mucous membrane is always smooth,
even when the viscus is empty (Fig. 7-6), because the mu-
cous membrane over the trigone is firmly adherent to the
underlying muscular coat.

The superior angles of the trigone corresponq to the
openings of the ureters, and the inferior angle to the internal
urethral orifice (Fig. 7-6). The ureters pierce the bladder wall
obliquely, and this provides a valvelike action, which pre-
vents a reverse flow of urine toward the kidneys as the blad-
der fills.

The trigone is limited above by a muscular ridge, which
runs from the opening of one ureter to that of the other and
is known as the interureteric ridge. The uvula vesicae is
a small elevation situated immediately behind the urethral
orifice that is produced by the underlying median lobe of
the prostate.

The muscular coat of the bladder is composed of
smooth muscle and is arranged as three layers of interlacing
bundles known as the detrusor muscle. At the neck of the
bladder, the circular component of the muscle coat is thick-
ened to form the sphincter vesicae.

Blood Supply
Arteries

The superior and inferior vesical arteries, branches of the in-
ternal iliac arteries.

Veins

The veins form the vesical venous plexus, which commu-
nicates below with the prostatic plexus; it is drained into the
internal iliac vein.

Lymph Drainage

The lymph vessels drain into the internal and external iliac
nodes.
Nerve Supply

The nerve supply to the bladder is from the inferior hy-
pogastric plexuses. The sympathetic postganglionic fibers
originate in the first and second lumbar ganglia and de-
scend to the bladder via the hypogastric plexuses. The
parasympathetic preganglionic fibers arise as the pelvic
splanchnic nerves from the second, third, and fourth sacral
nerves; they pass through the inferior hypogastric plexuses
to reach the bladder wall, where they synapse with post-
ganglionic neurons. Most afferent sensory fibers arising in
the bladder reach the central nervous system via the pelvic
splanchnic nerves. Some afferent fibers travel with the sym-
pathetic nerves via the hypogastric plexuses and enter the
first and second lumbar segments of the spinal cord.

The sympathetic nerves* inhibit contraction of the de-
trusor muscle of the bladder wall and stimulate closure of
the sphincter vesicae. The parasympathetic nerves stimulate
contraction of the detrusor muscle of the bladder wall and
inhibit the action of the sphincter vesicae.

* The sympathetic nerves to the detrusor muscle are now thought to
have little or no action on the smooth muscle of the bladder wall
and are distributed mainly to the blood vessels. The sympathetic
nerves to the sphincter vesicae are thought to play only a minor role
in causing contraction of the sphincter in maintaining urinary conti-
nence. However, in males, the sympathetic innervation of the
sphincter causes active contraction of the bladder neck during ejac-

ulation (brought about by sympathetic action), thus preventing
seminal fluid from entering the bladder.
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i nis a reflex action that, in the toilet-trained injj.
\liclunl}o'c‘onlmlled by higher center:v, in the brain. The re.
; quah 5 ted when the volume of urine reaches about 300
oS mmh receptors in the bladder wall are stimulateq and
o str?‘?m pulses to the central nervous system, and the i
[ ansit Ihas a conscious desire to micturate. Most afferent
di\_.idual up the pelvic splanchnic nerves and enter the
imP“> " pird, and fourth sgcral segments of the spinal cord
0% s ome afferent lmpylses travel with the sympa-
(fig "7 o via the hypogastric plexuses and enter the first
lhgdu;; ond lumbar segments of the spinal cord,

an

Eiferent Pa(as}’mpathetichimpulses leave the corg from
e second, third, and fourt rsa cral segments and pass via

eparasymPa‘h‘?"c preganglionic nerve m_)ers through the

wic splanchnic nerves and the inferior hypogastric
pleexU5€5 to the bladder wall, where.lhey synapse with post-

nglionic neurons. By means of this nervous pathway, the
f;,oolh muscle of the bladder \.Nall (the detrusor muscle) is
made to contract, and the sphincter vesicae is made to re-
|ax, Efferent impulses also pass to the urethral sphincter via
the pudendal nerve (82, 3, and 4), and this undergoes re-
Jaxation. Once urine enters the urethra, additional afferent
impulses pass to the spm{:l coyd from the urethra and rein-
force the reflex action. Micturition can be assisted by con-
iraction of the abdominal muscles to raise the intra-abdom-
inal and pelvic pressures and exert external pressure on the
bladder.

In young children micturition is a simple reflex act and
1akes place whenever the bladder becomes distended. In
the adult, this simple stretch reflex is inhibited by the activ-
ity of the cerebral cortex until the time and place for mic-
trition are favorable. The inhibitory fibers pass downward
with the corticospinal tracts to the second, third, and fourth
sacral segments of the cord. Voluntary control of micturition
is accomplished by contracting the sphincter urethrae,
which closes the urethra; this is assisted by the sphincter
vesicae, which compresses the bladder neck.

Voluntary control of micturition is normally developed
during the second or third year of life.

Male Genital Organs
The testes and epididymides are described on chap 4 .

VAS DEFERENS

The vas deferens is a thick-walled tube about 18 inche_s
(45 cm) long that conveys mature sperm from the epi-

didymis to the ejaculatory duct and the urethra. It arises

:;Om the lower end or tail of the epididymis and passes
"OUgh. the inguinal canal. It emerges from the deep in-
i"l_na| fIng and passes around the lateral margin of the in-
g Dastic artery (Fig. 7-8). It then passes downward
ackward on the lateral wall of the pelvis and crosses
rt€rin the region of the ischial spine. The vas defer-
€N runs medially and downward on the posterior
€ of the bladder (Fig. 7-5). The terminal part of the
d leeerens is dilated to form the ampulla of th::j t;va:
and irens' € inferior end of the ampulla narrows do

gt 1S the duct of the seminal vesicle to form the ejac-
aory dyct,
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Figure 7-7 Nervous control of the bladder. Sympathetic fibers have been omitted for simplification.
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SEMINAL VESICLES

The seminal vesicles are two lobulated organs about 2
inches (5 cm) long lying on the posterior surface of the blad-
der (Fig. 7-5). Their upper ends are widely separated and
their lower ends are close together. On the medial side of
each vesicle lies the terminal part of the vas deferens.
Posteriorly, the seminal vesicles are related to the rectum
(Fig. 7-3). Inferiorly, each seminal vesicle narrows and joins
the vas deferens of the same side to form the ejaculatory
duct.

Each seminal vesicle consists of a much coiled tube em-
bedded in connective tissue.

Function

The function of the seminal vesicles is to produce a secre-
tion that is added to the seminal fluid. The secretions con-
tain substances that are essential for the nourishment of the
spermatozoa. The walls of the seminal vesicles contract dur-
ing ejaculation and expel their contents into the ejaculatory
ducts, thus washing the spermatozoa out of the urethra.
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UL ureter
a8 4 41 2 451 common llac vessels

e (b A O 20 intarnal liac artery
AU 8 A1 042 external lac artery ()

e Qe O inferior epigastric artery
=31 vas deferens

il bladder

2,4 prostate

Wum 25 44 1,

Ischia spine 1541 1,2

Obturator internus 3:5.L4 1t

Figure 7-8  Right half of the pelvis showing relations of the ureter and vas deferens.
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£ACULATORY DUCTS

The two ejaculatory ducts are each less than 1 inch long and
are formed by the union of the vas deferens and the duct of
he seminal vesicle (Fig. 7-9). The ejaculatory gucts pierce
the posterior surface of the prostate and open into the pro-
satic part of the urethra, close to the margins of th‘e prostatic
utricle; their function is to drain the seminal fluid into the
prostatic urethra.

PROSTATE

Location and Description

The prostate is a fibromuscular glandular organ that sur-
roundsthe prostatic urethra (Figs. 7-3 and 7-9). Itis about 1 1/4
inches (3 cm) long and lies between the neck of the bladder
above and the urogenital diaphragm below (Fig. 79).
The prostate is surrounded by a fibrous capsule. Qucsnde
the capsule is a fibrous sheath, which is part of the visceral
layer of pelvic fascia (Fig. 7-9). The somewhat conical
Prostate has a base, which superiorly lies agalqst the blad-
derneck, and an apex, which lies inferiorly against the uro-
genital diaphragm. The two ejaculatory ducts pierce the up-
Perpart of the posterior surface of the prostate to open into
the prostatic urethra at the lateral margins of the prostatic
Uicle (Fig, 7.9).
M i ith
* Superiorly: The base of the prostate is continuous w'llh-
the neck of the bladder, the smooth muscle passing w;] .
OUinteruption from one organ to the other. The urethr:
ENters the center of the base of the prostate (Fig- 7-3).
eriorly: The apex of the prostate lies on the upper SE:
€ of the urogenital diaphragm. The urethra leavesrfw
Exb‘tate just above the apex on the anterior surface (Fig.
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Figure 7-9 Prostate in coronal section (A), sagittzl section (B), and horizontal section (C). In the
coronal section (A), note the openings of the ejaculatory ducts on the margin of the prostatic utricle.
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The anterior surface of the prostate is related
hysis pubis, separated from it by the ex-

ongll fat in the retropubic space (cave of

orly*

u“rl

o the S(ym

rape e fibrous sheath of lh(_e prostate is connected

R,uj“;‘))'st?ﬁo, aspect of the pubic bones by the pubo-
e

01 e ligam!

ents. These ligaments lie one on either
ros e midline and are condensations of pelvic fascia
side >
fig. 73 e posterior surface of the prostate (Figs, 7-
:,o“eﬂg;ig;l;hosj;srelaled to the anterior sur(ucg o%sthe
and 74 ulla and is separated from it by the rectovesi-
ectal al:“ll’m ascia of Denonvillier). This septum is
al ’edpin fetal life by the fusion of the walls of the lower
e' Be rectovesical pouch of peritoneum, which orig-
end© tended down to the perineal body.
inall);:l’; . The lateral surfaces of the prostate are em-
o Latel . bil:.lhe anterior fibers of the levator ani as they run
;om;:riorl)' from the pubs (Fig. 7:9).

sucture of the Prostate
merous glands of the prostate are embedded in a
5 e of smooth muscle and connective tissue, and their
ml"'“";pen into the prostatic urethra.
ducThlse prostate is incompletely divided into five lobes (Fig.
-9).The anterior lobe lies in front of the urethra and is de-
)T dulartissue. The median, or middle, lobe is the
o gf gland situated between the urethra and the ejacu-
“dg.e qucts. Its upper surface is related to the trigone of the
;::j%er. itis rich in glands. The pqsterlor lobe is situated
behind the urethra and below the ejaculatory ducts and also
contains glandular tissue. The right and left lateral lobes
Jie on either side of the urethra and are separated (ro_m one
another by a shallow vertical groove on lhe posterior sur-
face of the prostate. The lateral lobes contain many glands.

Function of the Prostate

The function of the prostate is the production of a thin,
milky fluid containing citric acid and acid phosphatase. Itis
added to the seminal fluid at the time of ejaculation. The
smooth muscle in the capsule and stroma contract, and the
secretion from the many glands is squeezed into the pro-
staic urethra. The prostatic secretion is alkaline and helps
neutralize the acidity in the vagina.

Blood Supply
Arterigs

lB}ranch% of the inferior vesical and middle rectal arteries.
eins

;“?e Veins form the prostatic venous plexus, which is be-
veen the capsule of the prostate and the fibrous sheath
"“lie 9 ‘The prostatic plexus receive:s the deep fjor:sal vteﬁz
iner. LIS and numerous vesical veins and drains into
mal iliac veins.

Umph Drainage

The Jy 'y 2 d |
iliae “de[:; vessels from the prostate drain into the internai

‘
S iy @l gL
4 (niy s
Gl by S 30
Ly e e

BT Sy 2

D Ul LU T g 0
Bl Gl ) 3 Gl o il |
s“k"v"u“"')"c""ruﬁﬂ‘w
JSQ""‘)O\LM‘JloLX.c-,ﬂ sl
B - s e s g
I 9-7 39 9y ;;;u ﬁ‘u‘ .,\,ln Gy .-u».‘-'\;ll
ool sy, R T BRI
. e Jaty o 03,0 L e gy
u-“—J-l sl i A Iy (ks g D e
A28 g Glial Sl il ol i Bl o ol
B S F | u;!g_’;
S e ks il d e
O‘JUQ"-“;—?\»“C,‘.DMI)I

.9-7

Had Ly oy s
Jg—'J‘) addy o B

asgt aus II
oL oy el I o e @Bl Bl sk ks
A Y e s s st i
&2 52 0T Sy o i g6 2 S BN 5
AN il el 5 s a g oY) gL U adl
g B D T K U PO S S (% W
Cor (28 pny - LI ] (6 L) aodan gl cpilall sl
25 Bl st Jafy Ly Gl G al) o sy
L sty o891 DL DLl Ul L8 g o Ll 5 5w
WAL it el Lgianm o Oy J-Y) S o Olei
gl e OB Sladll (g gy 3 4ald A el e Ao
ERE ]

:dSgll daudsg JIT

e o Sy 58 e Bl gl G EM B S
3 A PL I LI s Ol a6l ally el o)
ALaidt (353 yom sl oLl A Lianll GUIYI e li5 3 (DA o
41 5 e 0 gl Y S S e A pamyy il
el @ st Jtss § ey 0 I, 56

dagantd) sg,a IV

solpl] A
‘W‘Jﬁ'bhrﬂ')b}ﬂ‘&-‘whr‘-"tﬂ
:5;_2,5'/.8
WWH;;HI]_;}\Z._M‘)}|5M|S:))9|J§:J
L}J‘_U._\_wu;_;}u;,__.-.ahu;m.(9—7J§:3|)°j,uumuxzp
1 1 530 3 iy SR 5’)19‘0-'J-2-""J~.—-=*iu.:-r:‘j:

1pialll caspant) . V

b 2 i Bl o Rl 8 55

gl Lo sl | Juadl! /



Nerve Supply

The nerve supply to the prostate is from the inferior hy-
pogastric plexuses. The sympathetic nerves stimulate the
smooth muscle of the prostate during ejaculation.

PROSTATIC URETHRA

The prostatic urethra is about 1 1/4 inches (3 cm) long and
begins at the neck of the bladder. It passes through the
prostate from the base to the apex, where it becomes con-
tinuous with the membranous part of the urethra (Fig. 7-9).

The prostatic urethra is the widest and most di-
latable portion of the entire urethra. On the posterior
wall is a longitudinal ridge called the urethral crest (Fig. 7-
9). On each side of this ridge is a groove called the prostatic
sinus; the prostatic glands open into these grooves. On the
summit of the urethral crest is a depression, the prostatic
utricle, which is an analog of the uterus and vagina in fe-
males. On the edge of the mouth of the utricle are the open-
ings of the two ejaculatory ducts (Fig. 7-9).

VISCERAL PELVIC FASCIA

The visceral pelvic fascia is a layer of connective tissue that
covers and supports the pelvic viscera. It fills in the spaces
between the viscera and supports the blood vessels, lymph
vessels, and nerves that pass to the viscera. It is condensed
to form the fascial sheath of the prostate and the pubopro-
static ligaments (Figs. 7-3 and 7-9). The visceral fascia is con-
tinuous below with the fascia covering the upper surface of
the levator ani and coccygeus muscles and with the parietal
pelvic fascia on the walls of the pelvis.

PERITONEUM

The peritoneum is best understood by tracing it around the
pelvis in a sagittal plane (Fig. 7-3).

The peritoneum passes down from the anterior abdomi-
nal wall onto the upper surface of the urinary bladder. It
then runs down on the posterior surface of the bladder for a
short distance until it reaches the upper ends of the seminal
vesicles. Here it sweeps backward to reach the anterior as-
pect of the rectum, forming the shallow rectovesical
pouch. The peritoneum then passes up on the front of the
middle third of the rectum and the front and lateral surfaces
of the upper third of the rectum. It then becomes continuous
with the parietal peritoneum on the posterior abdominal
wall. It is thus seen that the lowest part of the abdomino-
pelvic peritoneal cavity, with the patient in the erect posi-
tion, is the rectovesical pouch (Fig. 7-3).

The peritoneum covering the superior surface of the
bladder passes laterally to the lateral pelvic walls and does
not cover the lateral surfaces of the bladder. It is important
to remember that as the bladder fills, the superior wall rises
up into the abdomen and peels off the peritoneum from the
anterior abdominal wall so that the bladder becomes di-
rectly in contact with the abdominal wall.

Pelvic Viscera in the Female

The rectum, sigmoid colon, and terminal coils of ileum oc-
cupy the posterior part of the pelvic cavity, as described pre-
viously. The contents of the anterior part of the pelvic caviry
in the female are described in the following sections.
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Figure 7-10  Sagittal section of the female pelvis.
(AN pasal agus adaia 1(10-7) Js&)

The ureter crosses over the pelvic inlet in front of the bifur-
cation of the common iliac artery (Fig. 7-11). It runs down-
ward and backward in front of the internal iliac artery and
behind the ovary until it reaches the region of the ischial
spine. It then turns forward and medially beneath the base
of the broad ligament, where it is crossed by the uterine
artery (Figs. 7-11 and 7-12). The ureter then runs forward, lat-
eral to the lateral fornix of the vagina, to enter the bladder.

URINARY BLADDER

As ip the male, the urinary bladder is situated immediately
behind the pubic bones (Fig. 7-10). Because of the absence
of the prostate, the bladder lies at a lower level than in the
male pelyis, and the neck rests directly on the upper surface
of the urogenital diaphragm. The close relation of the blad-
derto the uterus and the vagina is of considerable clinical
lmDTgMnce (Fig. 7-10).
€ apex of the bladder lies behind the symphysis pubis
g‘& 7-]0). The base, or posterior surface, is separated by
€Vagina from the rectum. The superior surface is related to
E: Uterovesical pouch of peritoneum and to the body of the
erus. The inferolateral surfaces are related in front to the
e pad of fx?tand the pubic bones. More posteriorly,
anedy 1€ In contact with the obturator internus muscle above
the levator ani muscle below. The neck of the bladder
fests on the upper surface of the urogenital diaphragm.
P Tf:e general shqpe and structure of the bladder; its blood
ofpp' y, |y‘ﬂ.1ph drainage, and nerve supply; and the process
Micturition are identical to those in the male.

———
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Figure 7-11  Right half of the pelvis showing the ovary, the uterine tube, and the vagina.
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Female Genital Organs
OVARY

Location and Description
Ezch ovary is oval shaped, measuring 11/2 X 3/4 inches (4 X
2 cm), and is attached to the back of the broad ligament by
the mesovarium (Fig. 7-12).

That part of the broad ligament extending between the at-
tzchment of the mesovarium and the lateral wall of the pelvis
is called the suspensory ligament of the ovary (Fig, 7-12).

The round ligament of the ovary, which represents
the remazins of the upper part of the gubernaculum, con-
nects the lateral margin of the uterus to the ovary (Figs. 7-
11 and 7-12).

The ovary usually lies against the lateral wall of the pelvis
in a depression called the ovarian fossa, bounded by the
external iliac vessels above and by the internal iliac vessels
behind (Fig. 7-11). The position of the ovary is, however, ex-
tremely variable, and it is often found hanging down in the
rectouterine pouch (pouch of Douglas). During pregnancy
the enlarging uterus pulls the ovary up into the abdominal
cavity. After childbirth, when the broad ligament is lax, the
ovary takes up a variable position in the pelvis.

The ovaries are surrounded by a thin fibrous capsule,
the tunica albuginea. This capsule is covered externally
by a modified aréa of peritoneum called the germinal ep-
ithelium. The term germinal epithelium is a misnomer be-
cause the layer does not give rise to ova. Oogonia develop
before birth from primordial germ cells,

Sefore puberty the ovary is smooth, but after puberty
the ovary becomes progressively scarred as successive cor-
pora lutea degenerate. After menopause the ovary be-
comes shrunken and its surface is pitted with scars.
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ovaries are the organs responsible for the production of
\he female germ cells, the ova, and the female sex hor-
mones, estrogen and progesterone, in the sexually mature

lood Supply

Arteries
The artery arises from the abdominal aonta at the
evel of the first lumbar vertebra.

Veins
ovarian vein drains into the inferior vena cava on the
%side and into the left renal vein on the left side.

Lymph Drainage

The lymph vessels of the ovary follow the ovarian artery and
drain into the para-aortic nodes at the level of the first lum-
bar vertebra.

Nerve Supply

The nerve supply to the ovary is derived from the aortic
and accompanies the ovarian artery.

The blood supply, lymph drainage, and nerve supply of
the ovary pass over the pelvic inlet and cross the external il-
jac vessels (Fig. 7-12). They reach the ovary by passing
through the lateral end of the broad ligament, the part
known as the suspensory ligament of the ovary. The vessels
and nerves finally enter the hilum of the ovary via the meso-
varium. (Compare the blood supply and the lymph drainage
of the ovary with those of the testis.)

UTERINE TUBE

Location and Description

The two uterine tubes are each about 4 inches (10 cm) long
and lie in the upper border of the broad ligament (Figs. 7-11
and 7-12). Each connects the peritoneal cavity in the region
of the ovary with the cavity of the uterus. The uterine tube is
divided into four parts:

1. The infundibulum is the funnel-shaped lateral end that
projects beyond the broad ligament and overlies the
ovary. The free edge of the funnel has several fingerlike
processes, known as fimbriae, which are draped over
the ovary (Figs. 7-12 and 7-13).

2. The ampulla is the widest part of the tube (Fig. 7-13).

3. The isthmus is the narrowest part of the tube and lies just
lateral to the uterus (Fig. 7-13).

4. The intramural part is the segment that pierces the uter-
ine wall (Fig. 7-13).

Function

1?'9 Uleripe tube receives the ovum from the ovary and pro-
Vides a s3le where fertilization of the ovum can take place
t(i‘ll_-‘ﬂually in the ampulla). It provides nourishment for the fer-

ized ovum and transports it to the cavity of the uterus, The

Serves as a conduit along which the spermatozoa travel
1o reach the ovum,

——
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position of the uterus.

tion
, pearshaped organ with thick mus-
ung nulliparous adult it measures 3
inches (5 cm) wide, and 1 inch (2.5
ed into the fundus, body, and cervix

’ part of the uterus that lies above the en-

e part of the uterus that lies below the en-
ine tubes. It narrows below, where it be-
with the cervix. The cervix pierces the
vagina and is divided into the suprav-
parts of the cervix.

fundus ¢/ A

uterine tube o> M o ol

ey CaVily Of uterus o> ) 3

MP)F—»@

internal 05 a:bLYl 2 il
supravaginal cervix J' G5 o> ) 5=
cervical canal
Azl slall
= vaginal cervix
\ 9""'“ - N G
external 0s 5 alall s, g

©7-13. A. Different parts of the uterine tube and the uterus. B. External os of the cervix:
lliparous; (below) parous. C. Anteverted position of the uterus. D. Anteverted and ante-
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vity of the uterine body is triangular in coronal
secm;.t;ux itis merely a cleft in the sagittal plane (Fig. 7
13). The cavity of the cervix, the cervical canal, Coml:lux
cates with the cavity of the body through the lnlerllBef .
and with that of the vagina through the exlt_!rngl os. Belol
the birth of the first child, the external 0s IS c_:lrcular. Ina
parous woman, the vaginal part of the cervix xsﬂlarger. and
the external os becomes a transverse slit so that it possesses

an anterior lip and a posterior lip (Fig. 7-13).

Relations ;

e Anteriorly: The body of the uterus is re_laled anteriorly to
the uterovesical pouch and the supenor _su!'face of the
bladder (Fig. 7-10). The supravaginal cervix is relate.d to
the superior surface of the bladder. Thg vaginal cervix is
related to the anterior fornix of the vagina. -

@ Posteriorly: The body of the uterus is related po§lenor.ly
to the rectouterine pouch (pouch of Douglas) with coils
of ileum or sigmoid colon within it (Fig. 7-10).

o Laterally: The body of the uterus is related lz}terally to the
broad ligament and the uterine artery and vein (ﬁg. 7-12).
The supravaginal cervix is related to the ureter as it passes
forward to enter the bladder. The vaginal cervix is related
to the lateral fornix of the vagina. The uterine tubes enter
the superolateral angles of the uterus, and the round liga-
ments of the ovary and of the uterus are attached to the
uterine wall just below this level.

Function
The uterus serves as a site for the reception, retention, and
nutrition of the fertilized ovum.

Positions of the Uterus

In most women, the long axis of the uterus is bent forward
on the long axis of the vagina. This position is referred to as
anteversion of the uterus (Fig. 7-13). Furthermore, the
long axis of the body of the uterus is bent forward at the level
of the internal os with the long axis of the cervix. This posi-
tion is termed anteflexion of the uterus (Fig. 7-13). Thus,
in the erect position, with the bladder empty, the uterus lies
in an almost horizontal plane.

In some women, the fundus and body of the uterus are
bent backward on the vagina so that they lie in the rectouter-
ine pouch (pouch of Douglas). In this situation the uterus is
said to be retroverted. If the body of the uterus is, in addi-
tion, bent backward on the cervix, it is said to be retroflexed.

Structure of the Uterus

The uterus is covered with peritoneum except anteriorly, be-
low the level of the internal os, where the peritoneum passes
forward onto the bladder. Laterally, there is also a space be-
tween the attachment of the layers of the broad ligament.

The muscular wall, or myometrium, is thick and made
up of smooth muscle supported by connective tissue.

The mucous membrane lining the body of the uterus is
known as the endometrium. It is continuous above with
the mucous membrane lining the uterine tubes and below
with the mucous membrane lining the cervix. The en-
dometrium is applied directly to the muscle, there being no
submucosa. From puberty to menopause, the endometrium
undergoes extensive changes during the menstrual cycle in
response to the ovarian hormones.
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mwpravaginal part of the cervix,is surrounded by vis-
jc fascia, which in this region is often referred to 4
;:’lm‘"'m It is in this fascia that the uterine ane':;
Mme ureter on each side of the cervix.
ies
arterial supply to the uterus is mainly from the uterine
artery, @ branch of thg internal iliac artery. It reaches the
by running medially in the base of the broad ligament
(Fig: 7-12). It crosses above the ureter at right angles and
reaches the cervix at the level of the internal os (Fig. 7-13).
The artery then ascends along the lateral margin of the
uteﬂBV'id‘i“ the broad l:ga(nent and ends by anastomosing
with the ovarian artery, which also assists in supplying the
uterus. The uterine artery gives off a small descending
pranch that supplies the cervix and the vagina.

Veins
The uterine vein follows the artery and drains into the inter-
jliac vein.

Lymph Drainage

Thelymph vessels from the fundus of the uterus accompany
{he ovarian artery and drain into the para-aortic nodes at the
Jevel of the first lumbar vertebra. The vessels from the body
and cervix drain into the internal and external iliac lymph
nodes. A few lymph vessels follow the round ligament of the
uterus through the inguinal canal and drain into the superfi-
cial inguinal lymph nodes.

Nerve Supply

Sympathetic and parasympathetic nerves from branches of
the inferior hypogastric plexuses.

Supports of the Uterus

The uterus is supported mainly by (a) the tone of the leva-
tores ani muscles and (b) the condensations of pelvic fas-
cia, which form three important ligaments.

The Levatores Ani Muscles and the Perineal Body

The origin and the insertion of the levatores ani muscles are
described in Chapter 6. They form a broad muscular sheet
stretching across the pelvic cavity, and, together with the
pelvic fascia on their upper surface, they effectively support
the pelvic viscera and resist the intra-abdominal pressure
transmitted downward through the pelvis. The medial edges
of the anterior parts of the levatores ani muscles are at-
';::\)ed to the cervix of the uterus by the pelvic fascia (Fig.
Some of the fibers of levator ani are inserted into a fibro-
Mmuscular structure called the perineal body (Fig. 7-10).
This structure is important in maintaining the integrity of the
pelvic floor; if the perineal body is damaged during child-
birth, prolapse of the pelvic viscera may occur. The perineal
lies in the perineum between the vagina and the anal
Canal. It is slung up to the pelvic walls by the levatores ani
and thus supports the vagina and, indirectly, the uterus.

The Transverse Cervical, Pubocervical, ana
Sacrocervical Ligaments

'"‘5} three ligaments are subperitoneal condensations of

Pelvic fascia on the upper surface of the levatores ani muscles.
ey are attached to the cervix and the vault of the vagina and

t Yy an ]mportant part in supporting the uterus and keeping
€ cervix in its correct position (Figs. 7-14 and 7-15).
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Figure 714 Coronal section of the pelvis showing relation of the levatores ani n"\usc!es and trans-
vorso corvical ligaments to the uterus and vagina, Note that the transverse cervical ligaments are
formed from a condensation of visceral pelvic fascia.
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Transverse Corvical (Cardinal) Ligaments Transverse cervi-
cal ligaments are fibromuscular condensations of pelvic fas-
cia that pass to the cervix and the upper end of the vagina
from the lateral walls of the pelvis,

Pubocervical Ligaments  The pubocervical ligaments con-
sist of two firm bands of connective tissue that pass to the
cervix from the posterior surface of the pubis, They are po-
sitioned on either side of the neck of the bladder, to which
they give some support (pubovesical ligaments),

Sacrocervical Ligaments ‘The sacrocervical ligaments
consist of two firm fibromuscular bands of pelvic fascia that
pass to the cervix and the upper end of the vagina from the
lower end of the sacrum. They form two ridges, one on ei-
ther side of the rectouterine pouch (pouch of Douglas).

The broad ligaments and the round ligaments of the
uterus are lax structures, and the uterus can be pulled up or
pushed down for a considerable distance before they be-
come taut, Clinically, they are considered to play a minor
role in supporting the uterus,

The round ligament of the uterus, which represents
the remains of the lower half of the gubernaculum, extends
between the superolateral angle of the uterus, through the
deep inguinal ring and inguinal canal, to the subcutaneous
tissue of the labium majus (Fig. 7-11). It helps keep the
uterus anteverted (tilted forward) and anteflexed (bent for-
ward) but is considerably stretched during pregnancy.

Uterus in the Child

The fundus and body of the uterus remain small until pu-
berty, when they enlarge greatly in response to the estrogens
secreted by the ovaries,
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Figure 7-15 Ligamentous supports of uterus. A. As seen from below. B. Lateral view. These liga-

ments are formed from visceral pelvic fascia.
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Uterus After Menopause

After menopause, the uterus atrophies and becomes smal}er
and less vascular. These changes occur because the ovaries
no longer produce estrogens and progesterone.

Uterus in Pregnancy

During pregnancy, the uterus becomes greatly enlarged as a
result of the increasing production of estrogens and proges-
erone, first by the corpus luteum of the ovary and later by
"‘? placenta. At first it remains as a pelvic organ, but by the
third month the fundus rises out of the pelvis, and by the
ninth month it has reached the xiphoid process. The in-
Crease in size is largely a result of hypertrophy of the smooth
Muscle fibers of the myometrium, although some hyperpla-
Sia takes place.
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Role of the Uterus in Labor

Labor, or parturition, is the series of processes by which the
baby, the fetal membranes, and the placenta are expelled
from the genital tract of the mother. Normally this process
takes place at the end of the tenth Junar month, at which
time the pregnancy is szid to be 2t term.

The cause of the onset of labor is not definitely known,
By the end of pregnancy, the contractility of the uterus has
been fully developed in response to estrogen, apd it is par-
ticularly sensitive to the actions of oxytocin at this time, It is
possible that the onset of labor is triggered by the sudden
withdrawz! of progesterone. Once the presenting part (usu-
ally the fetal head) starts to stretch the cervix, it is thought
that a nervous reflex mechanism is initiated and increases
the force of the contractions of the uterine body.

The uterine muscular activity is largely independent of
the extrinsic innervation. In women in labor, spinal anes-
thesia does not interfere with the normal uterine contrac-
tions. Severe emotional disturbance, however, can cause
premature parturition.

VAGINA

Location and Description
The vagina is a2 muscular tube that extends upward and
backward from the vulva to the uterus (Fig. 7-10). It mea-
sures about 3 inches (8 cm) long and has anterior and pos-
terior walls, which are normally in apposition. At its upper
end the anterior wall is pierced by the cervix, which projects
downward and backward into the vagina. It is important to
remember that the upper half of the vagina lies above the
pelvic floor and the lower half lies within the perineum
(Figs. 7-10 and 7-14). The area of the vaginal lumen, which
surrounds the cervix, is divided into four regions, or for-
nices: anterior, posterior, right lateral, and left lateral. The
vaginal orifice in a virgin possesses a thin mucosal fold
called the hymen that is perforated at its center. After child-
birth the hymen usually consists only of tags,
Relations
‘e Anteriorly: The vagina is closely related to the bladder
above and to the urethra below (Fig. 7-10).
® Posteriorly: The upper third of the vagina is related to
the rectouterine pouch (pouch of Douglas) and its mid-
dle third to the ampulla of the rectum. The lower third is
related to the perineal body, which separates it from the
anal canal (Fig. 7-10).
® Laterally: In its upper part, the vagina is related to the
ureter; its middle part is related to the anterior fibers of the
levator ani, as they run backward to reach the perineal
body and hook around the anorectal junction (Figs. 7-12
and 7-14). Contraction of the fibers of levator ani com-
presses the walls of the vagina together. In its lower part,
the vagina is related to the urogenital diaphragm (see
Chapter 8) and the bulb of the vestibule.

Function

The vagina not only is the female genital canal but also
serves as the excretory duct for the menstrual flow and
forms part of the birth canal.

Blood Supply

Arteries

Vaginal artery, a branch of the internal iliac artery, and the

vaginal branch of the uterine artery.
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yeins

He

2 plexus around the vagina that

drains i liac vein.

Lymph Drainage

The lymph vessels from the upper third of the vagina drain
! and internal iliac nodes, from the middle

shird to the in ! nodes, and from the lower third to

the superficial inguinal nodes.

Nerve Supply

The nerve supply to the vagina is from the inferior hypogas-
tric plesuses.

Supports of the Vagina

The upper pan of the vagina is supported by the levatores
ani muscles and the transverse cervical, pubocervical, and
sacrocerviczl ligaments. These structures are attached to the
yaginal wall by pelvic fascia (Figs. 7-14 and 7-15).

The middle part of the vagina is supported by the uro-
genital diaphragm. (See Chapter 8.)

The lower part of the vagina, especially the posterior
wall, is supported by the perineal body (Fig. 7-10).

VISCERAL PELVIC FASCIA

The visceral pelvic fascia is a layer of connective tissue,
which, as in the male, covers and supports the pelvic vis-
cera. It is condensed to form the pubocervical, transverse
cervical, and sacrocervical ligaments of the uterus. (Fig. 7-
15). Clinically, the pelvic fascia in the region of the uterine
cervix is often referred to as the parametrium. The visceral
fascia is continuous below with the fascia covering the up-
per surface of the levatores ani and coccygeus muscles and
on the walls of the pelvis with the parietal pelvic fascia.

PERITONEUM

The péritoneum in the female, as in the male, is best under-
stood by tracing it around the pelvis in a sagittal plane (Fig.
7-10).
The peritoneum passes down from the anterior abdomi-
nal wall onto the upper surface of the urinary bladder. It
then runs directly onto the anterior surface of the uterus, at
the level of the internal os. The peritoneum now passes up-
ward over the anterior surface of the body and fundus of
the uterus and then downward over the posterior surface. It
continues downward and covers the upper part of the pos-
terior surface of the vagina, where it forms the anterior wall
of the rectouterine pouch (pouch of Douglas). The peri-
toneum then passes onto the front of the rectum, as in the
male,
In the female the lowest part of the abdominopelvic peri-
toneal cavity in the erect position is the rectouterine pouch.
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Broad Ligaments

The broad ligaments are e
that extend across the pelvic cavity f
of the uterus to the lateral pelvic walls
the two layers are continuous and form the upper free edge.
Inieriorl\‘..at the base of the ligament, the layers separate to
cover the pelvic floor. The ovary is attached to the posterior
Jayer by the mesovarium. That part of the brom_l ligament
that lies lateral to the attachment of the mesovarium forms
the suspensory ligament of the ovary. The part of the
broad ligament between the uterine tube and the mesovar:
jum is called the mesosalpinx. .

At the base of the broad ligament, the uterine artery
crosses the ureter (Figs. 7-12 and 7-14). "

Each broad ligament contains the following:

two-layered folds of peritoneum
rom the lateral margins
(Fig. 7-12). Superiorly,

. The uterine tube in its upper free border.

The round ligament of the ovary and the round ligament

of the uterus. They represent the remains of the guber-

naculum.

The uterine and ovarian blood vessels, lymph vessels,

and nerves.

. The epoophoron. This is a vestigial structure that lies in
the broad ligament above the attachment of the meso-
varium. It represents the remains of the mesonephros

. The paroophoron. This is also a vestigial structure that
lies in the broad ligament just lateral to the uterus. Itisa
mesonephric remnant (Fig. 7-12).
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Cross-Sectional Anatomy of the Pelvis

To assist in the interpretation of CT scans of the pelvis, stu-
dents should study the labeled cross sections of the pelvis
shown in Figures 7-16 and 7-17. (See Fig. 7-18 for CT scan.)

RADIOGRAPHIC ANATOMY
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Radiographic Appearances of the Bony
Pelvis

A r(_)utin_e anteroposterior view of the pelvis is taken with the
patient in the supine position and with the cassette under-
neath the tabletop. A somewhat distorted view of the lower
part of the sacrum and coccyx is obtained, and these bones
:'/rileay b(-’: &amally obscured by the symphysis pubis. A better
view of the sacrum and coccyx can be obtain i
tilting the x-ray tube. i e Lo
An anteroposterior radiograph should be i
) systematicall
Exammed (Figs. 7-19 through 7-22). The lower lumbar vertey~
brae. sacrum, anq coccyx may be looked at first, followed
y thg sacronhac. joints, the different parts of the hip bones,
End finally the hip joints and the upper ends of the femursr
Soa’s; ::sd lecgl r:alenal may be seen in the large bowel, and
-tissue shadows of the skin and subcut is
may also be visualized. e
To demonstrate the sacrum and sacroiliac joints more

clearly, lateral and oblique view: i
i, q s of the pelvis are often
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Figure 716 Cross section of the male pelvis as seen from above.
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Figure 7-17  Cross section of the fomale pelvis as seen from below.
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Radiographic Appearances of the
Sigmoid Colon and Rectum

BARIUM ENEMA

The pelvic colon and rectum can be demonstrated by the
administration of 2 to 3 pints (1 L) of barium sulfate emul-
sion slowly through the anus. The appearances of the pelvic
colon are similar to those seen in the more proximal parts of
the colon, but a distended sigmoid colon usually shows no
sacculations. The rectum is seen to have a wider caliber
than the colon.

A contrast enema is sometimes useful for examining the
mucous membrane of the sigmoid colon. The barium en-
ema is partly evacuated and air is injected into the colon, By
this means the walls of the colon become outlined (see Fig.
563).

Radiographic Appearances of the
Female Genital Tract

The instillation of viscous iodine preparations through the
external os of the uterus allows the lumen of the cervical
canal, the uterine cavity, and the different parts of the uter-
ine tubes to be visualized (Fig. 7-23). This procedure is
known as hysterosalpingography. The patency of these
structures is demonstrated by the entrance into the peri-
toneal cavity of some of the opaque medium,

A sonogram of the female pelvis shows the uterus and the
vagina (Figs. 7-24, 7-25, and 7-26).

SURFACE ANATOMY

The surface anatomy of the pelvic viscera is considered in
Chapter 6, page 23|
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Figure 7-13 Anteroposterior radiograph of the male pelvis.
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Figure 7-21 Anteroposterior radiograph of the adult female pelvis.
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Figure 7-23  Anteroposterior radiograph of the female
pound into the uterine cavity (hysmrosalpingogram).

pelvis after injection of radiopaque com-
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Figure 7-25  Transverse sonogram of the pelvis in a woman after an automobile accident, in which the
liver was lacerated and blood escaped into the peritoneal cavity. The bladder (BL), the body of the
uterus (U), and the broad ligaments (white arrows) are identified No(.:nu- presence of blf)od (dark ar-
eas) in the uterovesical pouch (UVF) and the pouch of Douglas (PD). (Courtesy of Dr. Leslie Scoutt.)
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Figure 7-26 Longitudinal sonogram of a pregnant uterus at 11 weeks showing the intrauterine ges-
tational sac (black arrowheads) and the amniotic cavity (AC) filled with amniotic fluid; the fetus is
seen in longitudinal section with the head (H) and coceyx (€) wall displayed. The myometrium
(MY) of the uterus can be identified. (Courtesy of Dr. Leslie Scoutt.)
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colon shows greal variation in length and
-« much as 36 inches (91 cm). In the young

re as pelvis is small, this segment of the colon

he abdomen.
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its extreme mobility, the sigmoid colon some-
ates around its mesentery. This may correct itself

imes ok usly, of the rotation may continue until the blood

sl’“““n:ﬂhe qut is cut off completely. The rotation com-

sJPP'Yoccu,s in a counterclockwise direction and is re-

::gno as volvulus.

co(,obTOM\'
Thesigmoid colon is often selected as a site for perform-
s colostomy in patients with carcinoma of the rectum. Its
ility allows the surgeon to bring out a loop of colon,
yihits blood supply intact, through a small incision in the
lliac region of the anterior abdominal wall. Its mobility
makes it suitable for implantation of the ureters after
surgical removal of the bladder.

Dicerticula

Diverticula of the mucous membrane along the course of
ihe arteries supplying the sigmoid colon is a common clini-
«lcondition and is described on page 182. In patients with
diverticulitis or ulcerative colitis, the sigmoid colon may be-
come adherent to the bladder, rectum, ileum, or ureter and
produce an internal fistula.

o e — Sl e ol

Sigmoidoscopy
Because the sigmoid colon lies only a short distance from
theanus (6 1/2 inches [17 cm)) it is possible to examine the
mucous membrane under direct vision for pathologic con-
ditions. A flexible tube fitted with lenses and illuminated in-
temally s introduced through the anus and carefully passed
Upthrough the anal canal, rectum, sigmoid colon, and de-
scending colon. This examination, called sigmoidoscopy,
tan be carried out without an anesthetic in an outpatient
d‘"'?‘ Biopsy specimens of the mucous membrane can be
Obtained through this instrument.
L ;'ehnekpahem is placed in the left lateral position with the
A nee flexed and the right knee extended (Fig. 7-27).
ematively, the patient is placed kneeling in the knee-
2The Position.
anaIS'EmOI_doscope is gently inserted into the anus and
.canalin the direction of the umbilicus to ensure that
(;en:]"m“m,e“‘ passes along the long axis of the canal.
€ but firm pressure is applied to overcome the resis-
€ofthe anal sphincters (Fig. 7-2).

Ahef:ladlﬂance of about 1 1/2 inches (4 cm) the instru-
i of ™ the ampulla of the rectum. At this point the
in the € sigmoidoscope should be directed posteriorly
(Fig, 7_;“7‘)‘111119 to follow the sacral curve of the rectum
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Figure 727 Sigmoidoscopy. A. Patient in the left lateral position with the Ie{? k::?f;x:‘; ;g‘)’;’f‘le
right knee extended. B. Sagittal section of the ma.|e pelv!s showing u:he p?:'c:)nal ar;d 'rectum. The
tha tubo of the sigmoidoscope relative to the patient as it ascends the an et L
area of discomfort or pain experienced by the patient, as the tube is nelgo Ial oo o
into the sigmoid colon, is referred to the skin of the anterior abdominal wall bel
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. Slow advancement is made under direct vision. Some
slight side-to-side movement may be necessary to bypass
the transverse rectal folds.

@

At approximately 6 1/2 inches (16.25 cm) from the anal
margin, the rectosigmoid junction will be reached. The
sigmoid colon here bends forward and to the left, and the
lumen appears to end in a blind cul-de-sac. To negotiate
this angulation, the tip of the sigmoidoscope must be di-
rected anteriorly and to the patient's left side. This ma-
neuver can cause some discomfort in the anal canal from
distortion of the anal sphincters by the shaft of the sig-
moidoscope. Another possibility is that the point of the
instrument may stretch the wall of the colon, giving rise
to colicky pain in the lower abdomen,

b Once the instrument has entered the sigmoid colon, it
should be possible to pass it smoothly along its full extent
and, using the full length of the sigmoidoscope, enter the
descending colon,

7. The sigmoidoscope may now be slowly withdrawn, care-
fully inspecting the mucous membrane. The normal rec-
tal and colonic mucous membrane is smooth and glis-
tening and pale pink with an orange tinge, and blood
vessels in the submucosa can be clearly seen. The mu-
cous membrane is supple and moves easily over the end
of the sigmoidoscope,
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ANATOMY OF COMPLICATIONS OF SIGMOIDOSCOPY

perforation of the bowel at the rectosigmoid junc-
tion can occur. This is almost invariably caused by the op-
erator failing to negotiate carefully the curve between the
rectum and the sigmoid colon. In some patients the curve is
in the form of an acute angulation, which may frustrate the
overzealous advancement of the sigmoidoscope.
perforation of the sigmoid colon results in the escape of
colonic contents into the peritoneal cavity.

Cancer of the Sigmoid Colon

The sigmoid colon is a commonssite for cancer of the large
bowel. Because the lymphatic vessels of this segment of the
colon drain ultimately into the inferior mesenteric nodes, it
follows that an extensive resection of the gut and its associ-
ated lymphatic field is necessary to extirpate the growth and
itslocal lymphatic metastases. The colon is removed from the
left colic flexure to the distal end of the sigmoid colon, and
the transverse colon is anastomosed to the rectum.

RECTUM
Rectal Curves and Mucosal Folds

The anteroposterior flexure of the rectum, as it follows
the curvature of the sacrum and coccyx, and the lateral flex-
ures must be remembered when one is passing a sigmoido-
scope to avoid causing the patient unnecessary discomfort.

The crescentic transverse mucosal folds of the rectum
must also be borne in mind when passing an instrument into
the rectum. It is thought that these folds serve to support the
weight of the feces and to prevent excessive distension of
the rectal ampulla.

Blood Supply and Internal Hemorrhoids

The chief arterial supply to the rectum is from the supe-
rior rectal artery, a continuation of the inferior mesenteric
artery. In front of the third sacral veriebra, the artery divides
into right and left branches. Halfway down the rectum, the
right branch divides into an anterior and a posterior branch.
The tributaries of the superior rectal vein are arranged in a
similarmanner so that it is not surprising to find that inter-
nal hemorrhoids are arranged in three groups (see
Chapter 8): two on the right side of the lower rectum and
anal canal and one on the left.

Partial and Complete Prolapse of the
Rectum

Partial and complete prolapses of the rectum through the
anus are relatively common clinical conditions. In partial
prolapse, the rectal mucous membrane and submucous
;gal protrude for a short distance outside the anus (Fig. 7-
wgli lnrc:)mplete prolapse, the whole thickness of the rectal
46 s:uo n{xdas through tt}e anus. In both conditions, many
s Ve factors may be involved. However, damage to the
'l lres ani muscles as the result of childbirth and poor

scle tone in the aged are important contributing factors.

Acomplete rectal
3 prolapse may be regarded as a slidi -
Nia through the pelvic diaphragm. . R
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Figure 7-28 Coronal section of the rectum and anal canal.
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Cancer of the Rectum

Cancer (carcinoma) of the rectum is a common clinical
finding that remains localized to the rectal wall for a con-
siderable time. At first, it tends to spread locally in the lym
phatics around the circumference of the bowel. Later, it
spreads upward and laterally along the lymph vessels, fol-
lowing the superior rectal and middle rectal arteries.
Venous spread occurs late, and because the superior rectal
vein is a tributary of the portal vein, the liver is a common
site for secondary deposits.

Once the malignant tumor has extended beyond the con-
fines of the rectal wall, knowledge of the anatomic relations
of the rectum will enable a physician to assess the structures
and organs likely to be involved. In both sexes, a posterior
penetration involves the sacral plexus and can cause severe
intractable pain down the leg in the distribution of the sci-
atic nerve. A lateral penetration may involve the ureter. An
anterior penetration in the male may involve the prostate,
seminal vesicles, or bladder; in the female, the vagina and
uterus may be invaded.

It is clear from the anatomic features of the rectum and its
lymph drainage that a wide resection of the rectum with its
lymphatic field offers the best chance of cure. When the tumor
has spread to contiguous organs and is of a low grade of ma-
lignancy, some form of pelvic evisceration may be justifiable.
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tis most important for a medical student to remember
u the interior of lhm_* Iower.pun of the rectum can be ex-
Y ed by a gloved mdv§ finger introduced through the
ol canal. The anal cm}ul is al_)out 1 1/2inches (4 cm) long
i‘"m.\l the pulp of the index finger can easily feel the muy-
T‘m* membrane lining the lower end of the rectum. Most
€O s of the rectum can be diagnosed by this means. This
-xamination can be extended in both sexes by placing the
‘;(h orhand on the lower part of lheianlerior abdominal wall.
:\'ilh the bladder empty, the anterior rectal wall can be ex-
amined bimanually. In the fgmale. the placing of one finger
En the vagina and another in the r_ecll_xm may enable the
hysician to make a thorough examination of the lower part
of the anterior rectal wall.

cance!

Rectal Injuries

The management of penetra!ing recti.xl injuries will be de-
iermined by the site of Penetranon relanvg to the peritoneal
covering. The upper third of the rectum is covered on the
anterior and lateral surf.aces by. peritoneum, the middle
third is covered only on its anterior surface, and the lower
hird is devoid of a peritoneal covering (ﬁgs. 7-2, 73, and 7-
10). The treatment of penetration of the intraperitoneal por-
tion of the rectum is identical to that of the colon because
he peritoneal cavity has been violated. In the case of pene-
yation of the extraperitoneal portion, the rectum is treated
by diverting the feces through a temporary abdominal
colostomy, "administering antibiotics, and repairing and
draining the tissue in front of the sacrum.

“PELVIC APPENDIX”

I an inflamed appendix is hanging down into the pelvis,
abdominal tenderness in the right iliac region may not be
felt, but deep tenderness may be experienced above the
symphysis pubis. Rectal examination (or vaginal examina-
tion in the female) may reveal tenderness of the peritoneum
in the pelvis on the right side. If such an inflamed appendix
perforates, a localized pelvic peritonitis may result.

URINARY BLADDER
Palpation of the Bladder

The full bladder in the adult projects up into the ab-
domen and may be palpated through the anterior abdomi-
nal wall above the symphysis pubis.

Bimanual palpation of the empty bladder with or with-
outa general anesthetic is an important method of examin-
ing the bladder. In the male, one hand is placed on the an-
terior abdominal wall above the symphysis pubis, and the
gloved index finger of the other hand is inserted into the rec-
tum. From their knowledge of anatomy, students can see
ghat }he bladder wall can be palpated between the examin-
ing fingers. In the female, an abdominovaginal examination
can be similarly made. In the child, the bladder is in a higher

position than in the adult because of the relatively smaller
size of the pelvis.

Bladder Distension

; The normal bladder has a capacity of about 500 mL. In
€ presence of urinary obstruction in males, the bladder

:‘;ai"become greatly distended without permanent damage

d the bladder wall; in such cases, it is routinely possible to
fain 1000 to 1200 mL of urine through a catheter.
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Urinary Retention

P S AR By
In adult males, urinary retention is commonly cause d by

obstruction to the urethra by a benign or malignant en:
largement of the prostate. An acute l_uc!hnn.\' or [‘l\\:\"L\Ill‘l!:
can also be responsible. Acute retention oCCurs much 1ess
frequently in females. The only anatomic cause of m‘m.ni
retention in females is acute inflammation around the ure
thra (e.g., from herpes).

Suprapubic Aspiration

As the bladder fills, the superior wall rises out of the
pelvis and peels the peritoneum off the posterior surl;.u‘c 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 ;\n(orior 4\bdomm;|.l
wall above the symphysis pubis, without entering the peri-
toneal cavity. This is a simple method of draining off the
urine in an emergency.

Cystoscopy

The mucous membrane of the bladder, the two ureteric
orifices, and the urethral meatus can easily be observed by
means of a cystoscope. With the bladder distended with
fluid, an illuminated tube fitted with lenses is introduced
into the bladder through the urethra. Over the trigone the
mucous membrane is pink and smooth. If the bladder is par-
tially emptied, the mucous membrane over the trigone re-
mains smooth, but it is thrown into folds elsewhere. The
ureteric orifices are slitlike and eject a drop of urine at in-
tervals of about 1 minute. The interureteric ridge and the
uvula vesicae can be recognized easily.

Bladder Injuries

The bladder may rupture intraperitoneally or extraperi-
toneally. Intraperitoneal rupture usually involves the supe-
rior wall of the bladder and occurs most commonly when
the bladder is full and has extended up into the abdomen.
Urine and blood escape freely into the peritoneal cavity.
Extraperitoneal rupture involves the anterior part of the blad-
der wall below the level of the peritoneal reflection; it most
commonly occurs in fractures of the pelvis when bony frag-
ments pierce the bladder wall. Lower abdominal pain and
blood in the urine (hematuria) are found in most patients.

In young children, the bladder is an abdominal organ, so
abdominal trauma can injure the empty bladder.

Stress Incontinence

The bladder is normally supported by the visceral pelvic
fascia, which in certain areas is condensed to form liga-
ments. However, the most important support for the bladder
is the tone of the levatores ani muscles. In the female, a dif-
ficult labor, especially one in which forceps is used, exces-
sively stretches the supports of the bladder neck, and the
normal angle between the urethra and the posterior wall of
the bladder is lost. This injury causes stress incontinence, a
condition of partial urinary incontinence occurring when
the patient coughs or strains or laughs excessively.

Difficulty With Micturition After Spinal
Cord Injury
Following injuries to the spinal cord, the nervous control

of micturition is disrupted.
The normal bladder is innervated as follows:
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s‘.mpa(hc(k outflow is from the first and second lum-
" par segments of the spinal cord. The sympathetic nerves
(see the footnote on page 261) inhibit contraction of the
detrusor muscle of the bladder wall and stimulate clo-
sure of the sphincter vesicae.

'p.mympalhetlc outflow is from the second, third, and
jourth sacral segments of the spinal cord. The parasym-
Nmelic nerves stimulate the contraction of the detrusor
muscle of the bladder wall and inhibit the action of the
sphincter vesicae. X

3 Sensory nerve fibers enter the spinal cord at the above
* gments. The normal process of micturition has been

Jescribed on page261. o 3

Disruption of the process o( micturition by spinal cord in-
juries may produce the following types of bladder.

The atonic bladder occurs during the phase of spinal
shock immediately after the injury and may last for a few
‘d ays to several weeks. The bladder wall muscle is relaxed,
the sphincter vesicae tightly contracted, and the sphincter
urethrae relaxed. The bladder becomes greatly distended
and finally overflows. Depending on the level of the cord in-
jury, the patient either is or is not aware that the bladder is

I

M The tic reflex (Fig. 7-29) occurs after
the patient has recovered from spinal shock provided that
the cord lesion lies above the level of the parasympathetic
outflow (52, 3, and 4). It is the type of bladder normally
found in infancy. The bladder fills and empties reflexly.
Stretch receptors in the bladder wall are stimulated as the
bladder fills, and the afferent impulses pass to the spinal
cord (segments S2, 3, and 4). Efferent impulses pass down to
the bladder muscle, which contracts; the sphincter vesicae
and the urethral sphincter both relax. This simple reflex oc-
curs every 1 to 4 hours.

The autonomous bladder (Fig. 7-29) is the condition
that occurs if the sacral segments of the spinal cord are de-
stroyed. The sacral segments of the spinal cord are situated
in the upper part of the lumbar region of the vertebral col-
umn. (Seecha]2 ) The bladder is without any external reflex
control. The bladder wall is flaccid, and the capacity of the
bladder is greatly increased. It merely fills to capacity and
overflows; continual dribbling is the result. The bladder may
be partially emptied by manual compression of the lower

part of the anterior abdominal wall, but infection of the
urine and backpressure effects on the ureters and kidneys
are inevitable.

,{Jm

In the female the close relation of the ureter to the cervix
and vagina is an important fact clinically. Disease of the
lowerend of the ureter can sometimes be diagnosed by dig-
ital palpation through the lateral fomix of the vagina. When
performing a hysterectomy, the surgeon must always re-
member the relation of the uterine artery to the ureter be-
?:raeth the base of the _broad ligament. A badly placed liga-
ure“:round the uterine artery could easily include the
na:o‘:?dﬂc caleuliare discussed on page192. The ureter s
Rihe oy fnalqmlcally where_ll bends down into the pelvis
i "P_e vic brim _and where_ it passes through the bladder

\\"h 1 at these sites that urinary stones may be arrested.
“l'etere(: a c§lc_ulus enters the lower pelvic part of the

e € pain is often referred to the testis and the tip of
Penis in the male and the labium majus in the female.
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Figure 7-29 Nervous control of the bladder after section of the spinal cord in the upper thoracic re-
gion (A) and destruction of the sacral segments of the spinal cord (B). The diagram shows the af-
ferent sensory fibers from the bladder entering the central nervous system and the parasympa-
thetic efferent fibers passing to the bladder; the sympathetic fibers have been omitted for clarity.
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PROSTATE
Prostate Examination

The prostate can be examined clinically by palpation by
performing a rectal examination. (See p. '341)-The exam-
iner's gloved finger can feel the posterior surface of the
prostate through the anterior rectal wall.

Prostate Activity and Disease

Itis now generally believed that the normal glandular ac-
tivity of the prostate is controlled by the androgens and es-
trogens circulating in the bloodstream. The secretions of the
prostate are poured into the urethra during ejaculation and
are added to the seminal fluid. Acid phosphatase is an im-
portant enzyme present in the secretion in large amounts.
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when the g_,landgla_r ce'lls producing this enzyme cannot dis-
charge their secretion |r3|o the ducts, as in carcinoma of the
prostate, the serum acid phosphatase level of the blood

Recently, it was shown that trace amounts of proteins
produced specifically by prostatic epithelial cells are found
in peripheral blood. In certain prostatic diseases, notably
cancer of the prostate, this protein appears in the blood in
increased amounts. The specific protein level can be mea-
sured by a simple laboratory test called the PSA (prostatic
specific antigen) test.

Benign enlargement of the prostate is common in men
older than 50 years. The cause is possibly an imbalance in
the hormonal control of the gland. The median lobe of the
gland enlarges upward and encroaches within the sphincter
vesicae, located at the neck of the bladder. The leakage of
urine into the prostatic urethra causes an intense reflex de-
sire to micturate. The enlargement of the median and lateral
lobes of the gland produces elongation and lateral com-
pression and distortion of the urethra so that the patient ex-
periences difficulty in passing urine and the stream is weak.
Backpressure effects on the ureters and both kidneys are a
common complication. The enlargement of the uvula vesi-
cae (owing to the enlarged median lobe) results in the for-
mation of a pouch of stagnant urine behind the urethral ori-
fice within the bladder (Fig. 7-30). The stagnant urine
frequently becomes infected, and the inflamed bladder
(cystitis) adds to the patient’s symptoms.

In all operations on the prostate, the surgeon regards the
prostatic venous plexus with respect. The veins have thin
walls, are valveless, and are drained by several large trunks
directly into the internal iliac veins. Damage to these veins
can result in a severe hemorrhage.

Prostatic Venous Plexus and Prostate
Cancer

Many connections between the prostatic venous plexus
and the vertebral veins exist. During coughing and sneezing
or abdominal straining, it is possible for prostatic venous
blood to flow in a reverse direction and enter the vertebral
veins. This explains the frequent occurrence of skeletal
metastases in the lower vertebral column and pelvic bones
of patients with carcinoma of the prostate. Cancer cells en-
ter the skull via this route by floating up the valveless pro-
static and vertebral veins.
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Figure 7-30  Sagittal soction of a prostato that had undergone
benign enlargement of the madian lobe, Note the bladder
pouch filled with stagnant urine behind the prostate.
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OVARY
Position of the Ovary

The ovary is kept in position by the broad ligament and
the mesovarium. After pregi y the broad lig tis lax,
and the ovaries may prolapse into the rectouterine pouch
(pouch of Douglas). In these circumstances, the ovary may
be tender and cause discomfort on sexual intercourse (dys-
pareunia). An ovary situated in the rectouterine pouch may
be palpated through the posterior fomnix of the vagina.

Cysts of the Ovary

Follicular cysts are common and originate in unrup-
tured graafian follicles; they rarely exceed 1.5 cm in diame-
ter. Luteal cysts are formed in the corpus luteum. Fluid is
retained, and the corpus luteum cannot become fibrosed.
Luteal cysts rarely exceed 3 cm in diameter.

_UTERINE TUBE

The uterine tube lies in the upper free border of the
broad ligament and is a direct route of communication from
the vulva through the vagina and uterine cavity to the peri-
toneal cavity.

Pelvic Inflammatory Disease

The pathogenic organism(s) enter the body through sex-
ual contact and ascend through the uterus and enter the
uterine tubes. Salpingitis may follow, with leakage of pus
into the peritoneal cavity, causing pelvic peritonitis. A
pelvic abscess usually follows or the infection spreads fur-
ther, causing general peritonitis.

Ectopic Pregnancy

Implantation and growth of a fertilized ovum may occur
outside the uterine cavity in the wall of the uterine tube (Fig.
7-31). This is a variety of ectopic pregnancy. There being
no decidua formation in the tube, the eroding action of the
trophoblast quickly destroys the wall of the tube. Tubal
abortion or rupture of the tube, with the effusion of a large

quantity of blood into the peritoneal cavity, is the common
result.

thick decidua lining

Figure 7-31 An ectopic pregnancy located whers the
infundibulum of the uterine tube narrows down to joiy
the isthmus. Note the thin tubal wall compared with
the thick decidua that lines the body of the uterus,

(s g A (B pasiall salgd dasd 1(317) Judy

it

ad! haiag 4
el ey ¢l By A B IS 5l ey
0 il bl e Ol U () Al B ) s
‘f‘-—“*)t-"‘uh-:-.l‘c—eﬁé-l—itd‘,.’-m s (Db )
o g A ol o S8y (gl 808) gl el e

J“"‘ug‘u"l)ﬂ“]ﬁ’,ff)lr‘..}l

:pasd| Ol #
y,u,.;&\ﬁ.aq‘,ba\ﬂ,,\,am,uugﬁau.ﬂ
3 A M S S o 1.5 s 3 sl of ot
Jl;f);uréc_,q}ra.,ﬁlr_.yvj‘}:utﬁm;?‘pgﬁ

e 3 2t 0 S s gl Ol gy S

@ 41 gl
2 G B U A 2l B e o oYl e

S O T e o
G

:‘?.!I‘I.WI "‘a,a.ll sl #

uq-—-'JH JLai¥l o= e o oAl (Slaandl) 9,.2:‘-.:U =y
O D\l s 0 5y o ) il o o I
Sliall e (s Shall O ool ) gedl) o ¢
C_‘:'-.U,‘J/I)L::.‘,I J"\#_‘b”(_ll" &yl i;lﬁs'JJ-")L'i)‘f”‘
7 i s

ity gl Joad! <

Mo (5 o> ) O )l dand) 2l Sy et ik ;
L a1 ol biny (BT Sy g
IS Josl O LAy oY p Al 2250 ST L sy )
G5 o (g3l D] Sotonss 25 1y 81 o e A ¥
0 il Byl rns (AN o AeueS el A
i) 2w amd

@

a—

sl Byl spaluadl Juadd!

B N




The blood pours dqwn into the rectouterine pouch
(pouch of l)()}lglns) or into the uterovesical pouch, The
plood may quickly ascend into the general peritoneal cav-
ity, giving rise to severe abdominal pain, tendemess, and
gh.‘mﬁ"ﬂ' Irritation of the sgbdiaphragmmic peritoneum
(supplied by phrenic nerves C3, C4, and C5) may give rise to
referred pain to the shoulder skin (supraclavicular nerves
¢3and C4).
Tubal Ligation
Ligation and divisiot_l of the uterine u.lbes is a method of
obtaining permanent birth conl.rol and is usually restricted
1o women who already have children. The ova that are dis-
charged from the ovarian follicles degenerate in the tube
roximal to the obstruction. If, later, the woman wishes to
have an additional child, restoration of the continuity of the
uterine tubes can be attempted, and, in about 20% of
women, fertilization occurs.

UTERUS
Bim [ Pelvic Exami

A great deal of useful clinical information can be ob-
rained about the state of the uterus, uterine tubes, and
ovaries from a bimanual examination. The examination is
easiest in parous women who are able to relax while the ex-
amination is in progress. In patients in whom it causes dis-
tress, the examination may be performed under an anes-
thetic. With the bladder empty, the vaginal portion of the
cervix s first palpated with the index finger of the right hand.
The external s is circular in the nulliparous woman but has
anterior and posterior lips in the multiparous woman. The
cervix normally has the consistency of the end of the nose,
but in the pregnant uterus it is soft and vascular and has the
consistency of the lips. The left hand is then placed gently
on the anterior abdominal wall above the symphysis pubis,
and the fundus and body of the uterus may be palpated be-
tween the abdominal and vaginal fingers situated in the an-
terior fornix. The size, shape, and mobility of the uterus can
then be ascertained.
In most women, the uterus is anteverted and anteflexed.
A retroverted, retroflexed uterus can be palpated through
the posterior vaginal fornix.

tion

Prolapse of the Uterus

The greatimportance of the tone of the levatores ani mus-
cles in supporting the uterus has already been emphasized.
The importance of the transverse cervical, pubocervical,
and sacrocervical ligaments in positioning the cervix within
the pelvic cavity has been considered. Damage to these
structures during childbirth, or general poor body muscular
tone, may result in downward displacement of the uterus,
called uterine prolapse. It most commonly reveals itself af-
ter menopause, when the visceral pelvic fascia tends to at-
’OPhy along with the pelvic organs. In advanced cases, the
cervix descends the length of the vagina and may protrude
through the orifice.

Begause of the attachment of the cervix to the vaginal
vau!t, it follows that prolapse of the uterus is always accom-
Panied by some prolapse of the vagina.

Sonography of the Female Pelvis

'heAu tSOnograr(;\ of the female pelvis can be used to visualize
€rus and the developing fetus and the vagina (Figs. 7-
4,725, and 7-26). S
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Vaciza
Vaginal Examination

The anatomic relations of the vagina are of 8r
importance. Many pathologic conditions occum
male pelvis may be diagnosed using a simple vaginal exam-

reat clinical
ng in the fe-

ination. .
The following structures can be palpated through the

vaginal walls from above downward:

Anteriorly: (/) The bladder and (2) the urethra. :
Posteriorly: (/) Loops of ileum and sigmoid colon in the
rectouterine peritoneal pouch (pouch of Douglas), (2) the
rectal ampulla, and (3) the perineal body.

Laterally: (7) The ureters, (2) the pelvic fascia and the an-
terior fibers of the levatores ani muscles, and (3) the uro-
genital diaphragm.

Prolapse of the Vagina

The vaginal vault is supported by the same structures that
support the uterine cervix. Prolapse of the uterus is neces-
sarily associated with some degree of sagging of the vaginal
walls. However, if the supports of the bladder, urethra, or an-
terior rectal wall are damaged in childbirth, prolapse of the
vaginal walls occurs, with the uterus remaining in its correct
position.

Sagging of the bladder results in the bulging of the ante-
rior wall of the vagina, a condition known as a cystocele.
When the ampulla of the rectum sags against the posterior
vaginal wall, the bulge is called a rectocele.

Culdocentesis

The closeness of the peritoneal cavity to the posterior
vaginal fornix enables the physician to drain a pelvic ab-
scess through the vagina without performing a major opera-
tion. It is also possible to identify blood or pus in the peri-
toneal cavity by the passage of a needle through the
posterior fornix.

ANATOMIC STRUCTURES THROUGH WHICH THE NEEDLE

PASSES

The needle passes through the (/) mucous membrane of
the vagina, (2) muscular coat of the vagina, (3) connective
tissue coat of the vagina, (4) visceral layer of pelvic fascia,
and (3) visceral layer of peritoneum.

ANATOMIC FEATURES OF THE COMPLICATIONS OF

CULDOCENTESIS

These complications are as follows: (1) Loops of ileum
and the sigmoid colon, structures that are normally present
within the pouch of Douglas, could be impaled by the nee-
dle. However, the presence of blood or pus within the
pouch tends to deflect the viscera superiorly. (2)
Occasionally, when the uterus is somewhat retroflexed, the
needle may enter the posterior wall of the body of the
uterus.

Vaginal Trauma

Coital injury, picket fence-type of impalement injury,
and vaginal perforation caused by water under pressure, as
occurs in water skiing, are common injuries. Lacerations of
the vaginal wall involving the posterior fornix may violate
the pouch of Douglas of the peritoneal cavity and cause pro-
lapse of the small intestine into the vagina.
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3. The following facts concerning this patient are correct
ccepl.
f\'?(l:zcml examination revealed a bulging backward of
the rectovesical fossa. ;
Although the patient had consumed a considerable
volume of liquor, dullness was not present on per-
cussion of the anterior abdominal wall above the
symphysis pubis. /
The urine accumulated in the rectovesical pouch.
A full bladder is more likely to be ruptured by a blow
on the anterior abdominal wall than an empty blad-
der. ;
E. In the adult as the normal bladder fills, its superior
wall extends upward into the abdomen, leaving the
covering of parietal peritoneum behind.

=

oo

A 56-year-old woman was seen by her obstetri-
cian and gynecologist complaining of a “bear-
ing-down” feeling in the pelvis and of a low
backache. On vaginal examination, the external
os of the cervix was found to be located just
within the vaginal orifice. A diagnosis of uterine
prolapse was made.

4. The following anatomic facts concerning uterine pro-

lapse are correct except:

A. The most important support to the uterus is the tone

of the levator ani muscles.

B. The transverse cervical, pubocervical, and sacrocer-
vical ligaments play an important role in supporting
the uterus.

. Damage to the levator ani and the cervical ligaments
during childbirth can be responsible for prolapse of
the uterus.

D. Prolapse most commonly reveals itself before

menopause.

E. Prolapse of the uterus is always accompanied by

some prolapse of the vagina.

(@]

A 25-year-old woman was seen in the emer-
gency department complaining of severe pain in
the right iliac region. Just before admission she
had fainted. On physical examination, her ab-
dominal wall was extremely tender on palpation
in the lower right quadrant, and some rigidity
and guarding of the lower abdominal muscles
were noticed. A vaginal examination revealed a
fairly firm cervix with a closed external os. A ten-
der “doughlike mass” could be felt through the
posterior fornix. The patient had missed her last
period.

. The following facts concerning this patient are correct

excepl:

A. A diagnosis of ruptured ectopic pregnancy was
made.

B. Tubal pregnancies commonly occur where the in-
fundibulum narrows to join the isthmus.

C. Each uterine tube is situated in the base of the broad
ligament.

D. An ectopic tubal pregnancy almost invariably results

In rupture of the tube with severe intraperitoneal

hemorrhage.

Tubal rupture occurs as a result of the eroding action

of the trophoblast.

F. Once a tubal pregnancy dies the decidual lining of
the uterus begins to be shed because of lack of hor-
monal support, and this causes vaginal bleeding.

G. The doughlike mass is produced by the accumula-

of blood in the pouch of Douglas.
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A 39-year-old woman was admitted to the local
hospital after experiencing a gl_mshot wound to
the lower part of her back. Radiographic exami-
nation revealed that the bullet was lodged in the
vertebral canal at the level of the third lumbar
vertebra. A comprehensive neur9logic examina-
tion indicated thata complete lesion of the cauda
equina had occurred.

6. The following facts concerning this patient are likely to

be true excepl: ? h .
A. The cauda equina, which consists of anterior and

erior nerve roots below the level of the first lum-
bar segment, was sectioned at the level of the third
Jumbar vertebra.

B. The preganglionic sympathetic nerve fibers to the
vesical sphincter that descend in the anterior roots of
the fourth and fifth lumbar nerves were sectioned.

C. The preganglionic parasympathetic fibers to the de-
trusor muscle that descend in the anterior roots of
the second, third, and fourth sacral nerves were sec-
tioned.

D. The patient would have an autonomous bladder.

E. The bladder would fill to capacity and then overflow.
F. Micturition could be activated by powerful contrac-
tion of the abdominal muscles and manual pressure
on the anterior abdominal wall in the suprapubic re-
gion.
A 65-year-old man with a history of prostatic dis-
ease was found on radiologic examination of his
skeleton to have extensive carcinomatous
metastases in the skull and lumbar vertebrae.
The PSA level in his blood was found to be ex-
cessively high.

7. The following facts concerning this patient are correct
except:

A. The patient has advanced carcinoma of the prostate
that has spread some distance from the primary site.

B. The prostate is surrounded by the prostatic venous
plexus, which drains into the.internal iliac veins.

C. Large veins with valves connect the prostatic venous
plexus to the vertebral veins.

D. Coughing, sneezing, or straining at stool can force
the blood from the prostatic plexus into the vertebral
veins.

E. Dislodged cancer cells can be dislodged and carried
with the blood to the vertebral column and skull.

A72-year-old woman was suspected of having a
tumor of the sigmoid colon. The physician de-
c!ded to confirm the diagnosis by performing a
sigmoidoscopy.

8. The following anatomic facts are correct concerning
the procedure of sigmoidoscopy except:

A. After inserting the instrument into the anus, the
lighted end enters the ampulla of the rectum after a
distance of about 1 1/2 inches (4 cm).

B. Some side-toside movement may be necessary to

avoid the transverse rectal folds.

The rectosigmoid junction will be reached approxi-

mately 6 1/2 inches (16.25 cm) from the anal margin.

2 'T:o negotiate the rectosigmoid junction, the tip of the
sigmoidoscope should be directed anteriorly and to
the patient's left.

. Slrgtc'hing of the colonic wall may give rise to colicky

Pain in the upper part of the abdomen in the region

of the xiphoid process.
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Answers to Clinical Problems

1. E. The upper third of the rect
anterior and lateral surfaces; t

no peritoneal covering.
C. Advanced carcinoma

also spread via the superior rectal, inferior mesenteric,

splenic, and portal veins to the liver.

W

abdominal wall.

'S

5]

of the broad ligament.

]

valves.

8. E. Colicky pain from the colon is referred to the lower
part of the anterior abdominal wall above the symphysis

pubis.

Syl Ao gt B g
National Board Type Questions

Select the best response:

1. The following statements concerning the uterus are

correct except:

A. The fundus is part of the uterus above the openings

of the uterine tubes.

B. The long axis of the uterus is usually bent anteriorly
on the long axis of the vagina (anteversion).
C. The nerve supply of the uterus is from the inferior

hypogastric plexuses.

D. The anterior surface of the cervix is completely cov-

ered with peritoneum,

E. The u;erine veins drain into the internal iliac veins,
. Conceming the vas deferens, all of the following state-

(3%

ments are true except:

A. It emerges from the deep inguinal ring and passes
around the lateral margin of the inferior epigastric

artery.

B. It crosses the ureter in the region of the ischial

spine.

(07, "ﬂxg terminal part is dilated to form the ampulla.
D. It lies on the posterior surface of the prostate but is

separated from it by the peritoneum.

E. It joins the duct of the seminal vesicle to form the

ejaculatory duct.

um has peritoneum on il;
he middle third has peri-

toneum on its anterior surface; and the lower third has

of the rectum not only extends
to the pararectal and inferior mesenteric nodes but may

E. In the adult, as the normal bladder fills i§ superior
wall bulges upward into the abdomen, peeling off l}']e
peritoneum from the posterior surface of the anterior

D. Prolapse of the uterus most often reveals itself after
menopause, when the pelvic fascia tends to atrophy. ;
C. Each uterine tube is situated in the upper free margin

B. The preganglionic sympathetic nerve fibers to the
vesical sphincter descend in the anterior roots of the
first and second lumbar nerves and were left intact.

7. C. The large veins that connect the prostatic venous
plexus to the valveless vertebral veins are also devoid of
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L Concerning the pelvic part of the ureter, the following

Jatements are e excep.

v tenters the pelvis in front of the bifurcation of the

common thac artery

i The weter enters the bladder by passing directly

wrough it wall, there being no valvular mecha-

s at its entrance

e has a close relationship to the ischial spine before

i s medially toward the bladder,

1 The blood supply of the distal part of the ureter is
from the superior vesical artery.

£ ltenters the bladder atthe upper lateral angle of the
trgone

4 Concerning the seminal vesicle, the following state-

ments are (e excepl:

A The seminal vesicles are related posteriorly to the
rectum and can be palpated through the rectal
wall,

B The seminal vesicles are two lobulated organs that
store spermatozoa,

¢ The upper ends of the seminal vesicles are covered
by peritoneum.

D. The function of the seminal vesicles is to produce a
secretion that is added to the seminal fluid.

£ the seminal vesicles are related anteriorly to the
bladder, and no peritoneum separates these struc-
tures,

5 Concerning the ovary, the following statements are
true except

A The lymph drainage is into the para-aortic (lumbar)
lvmph nodes at the level of the first lumbar verte-
bra.

B The round ligament of the ovary extends from the
ovaty to the upper end of the lateral wall of the
body of the uterus.

C. The ovarian fossa is bounded above by the external
iliac vessels and behind by the internal iliac ves-
sels.

D. The left ovarian artery is a branch of the left internal
iliac artery.

E. The obturator nerve lies lateral to the ovary.

6. Concerning the nerve supply to the urinary bladder,
the following statements are true except:

A. The sympathetic postganglionic fibers originate in
the first and second lumbar ganglia.

B. The parasympathetic postganglionic fibers origi-
nate in the inferior hypogastric plexuses.

C. The afferent sensory fibers arising in the bladder
wall reach the spinal cord via the pelvic splanchnic
nerves and also travel with the sympathetic nerves.

. The parasympathetic preganglionic fibers arise
from the second, third, and fourth sacral segments
of the spinal cord.

The parasympathetic postganglionic fibers are re-
sponsible for closing the vesical sphincter during
ejaculation,

7. Conceming the vagina, the following statements are

true except:

A The area of the vaginal lumen around the cervix is
divided into four fornices.

B. The upper part of the vagina is supported by the le-
vator ani muscles and the transverse cervical liga-
ments.

C. The perineal body lies posterior to and supports the
lower part of the vagina.

D. The upper part of the vagina is not covered with
peritoneum.

E. The vaginal wall receives a branch of the uterine
artery
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8. Concemningthe visceral layer of pelvic fascia in the fe-
male, the following statements are true excepl:
A, Inthe region of the cervix of the uterus, it is called

the parametrium.

B. 1t is condensed I

verse cervical, and sacrocervic

uterus. Y

It covers the obturator internus muscle. 4

It does not become continuous above with the fas-

cia transversalis. >

E. On the lateral wall of the Pelv:
parietal layer of pelvic fascia.

to form the pubocervical, trans-
al ligaments of the

oo

s, it fuses with the

Match the structures listed below with the most likely route of
lymphatic drainage:
9. Cervix of uterus
10. Prostate gland
11. Posterior fornix of vagina
A. Internal iliac lymph nodes
B. Internal and external iliac lymph nodes
C. Superficial inguinal lymph nodes
D. Para-aortic (lumbar) lymph nodes
E. None of the above

Match the structures listed below with the appropriate main
venous drainage:

12. Left ovary
13. Prostate
14. Urinary bladder
15. Mucous membrane of the rectum
A. External iliac vein
B. Internal iliac vein
C. Inferior vena cava
D. Common iliac vein
E. None of the above
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CHAPTER

The Perineum

51-year-old woman was seen by her physician for complaints of breath-

lessness, which she noticed was worse on climbing stairs. On questioning,

she said that the problem started about 3 years ago and was getting worse.
On examination, the patient was found to have a healthy appearance, although the
conjunctivae and lips were paler than normal, suggestive of anemia. The cardiovascu-
lar and respiratory systems were normal. On further questioning, the patient said that
she frequently passed blood-stained stools and was often constipated.

Digital examination of the anal canal revealed nothing abnormal apart from the
presence of some blood-stained mucus on the glove. Proctoscopic examination re-
vealed that the mucous membrane of the anal canal had three congested swellings
that bulged into the lumen at the 3-, 7-, and 11-0’clock positions (the patient was in the
lithotomy position). Laboratory examination of the blood showed the red blood cells
to be smaller than normal, and the red blood cell count was very low; the hemoglobin
level was also low. The diagnosis was microcytic hypochromic anemia, secondary to
prolonged bleeding from internal hemorrhoids.

The severe anemia explained the patient’s breathlessness. The hemorrhoids were
dilatations of the tributaries of the superior rectal vein in the wall of the anal canal.
Repeated abrasion of the hemorrhoids by hard stools caused the bleeding and loss of
blood. Without knowledge of the anatomic position of the veins in the anal canal, the
physician would not have been able to make a diagnosis.
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CHAPTER OBJECTIVE

awolving the anal can-
a are common
traum-

and prolapses it
female external genitali
an. Urethral obstruction,
hra, and infections of the epidi-

Infections, injuries,
al, the urethra, and the
problems facing the physici
atic rupture of the penile uret 1
dymis and testis are frequently seen In the male. el
The purpose of this chapter is to cover the bl_),ﬂltl&d\lll
anatomy relative to these clinical probllems. Because (hf‘ d.LS-

d the structure of the scrotum are intim-

cent of the testes an OE th Ser X
ately related to the development of the inguinal canal, they
are dealt with in detail in Chapter 4.

Definition of Perineum

The cavity of the pelvis is divided by the pelvic diaphragm
into the main pelvic cavity above and the perineum below
(Fig. 81). When seen from below with the thighs abdugled.
the perineum is diamond shaped and is bounded anteriorly
by the symphysis pubis. posteriorly by the tip of the coccyx,
and laterally by the ischial tuberosities (Fig. 8-2).

PELVIC DIAPHRAGM

The pelvic diaphragm is formed by the important levatores
ani muscles and the small coccygeus muscles and their cov-
ering fasciae (Fig. 8-1). Itis incomplete anteriorly to allow
passage of the urethra in males and the urethra and the
vagina in females. (For details see Chapter)

Contents of Anal Triangle

The anal triangle is bounded behind by the tip of the coccyx
and on each side by the ischial tuberosity and the sacrotuber-
ous ligament, overlapped by the border of the gluteus max-
imus muscle (Fig. 8-3). The anus, or lower opening of the anal
canal, lies in the midline, and on each side is the ischiorectal
fossa. The skin around the anus is supplied by the inferior rec-
tal (hemorrhoidal) nerve. The lymph vessels of the skin drain
into the medial group of the superficial inguinal nodes.

ANAL CANAL

Location and Description

The anal canal is about 1 1/2 inches (4
cm) long and passes
downwgrd and backward from the rectal ampulla to the
le(mus‘(Flg. 84)._Excep! during defecation, its lateral walls are
eptin apposition by the levatores ani muscles and the anal
sphincters.

Relations

° 'l:::lterior_ly: Itis related posteriorly to the anococeygeal
ly, which is a mass of fibrous tissue lying between the

anal canal and the coccyx (Fig. 84).

° Latera.lly: Itis related laterally to the fat-filled ischiorectal
fossae (Fig. 85).

° Anterloﬂy: In the male it is related anteriorly to the per-
ineal body, the urogenital diaphragm, the membranous
part of the urethra, and the bulb of the penis (Fig. 84).

theIn the fe}nf:, itis related anteriorly to the perineal body,
urogenital diaphragm, and the lo i
o 6l ag wer part of the vagina
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FBYION of Main peivic cavity

odterator canal for obturator
PRIVE a0 VOSSEIS 3atl SRk

obturator internus muscle

Kb 2at aladd

Fgwre 81  Right half of the pelvis showing the muscles forming the pelvic floor. Note that the lev-
ator ani md coccygeus muscles and their covering fascia form the pelvic diaphragm. Note also
that the region of the main pelvic cavity lies above the pelvic diaphragm and the region of the per-

maum les below the diaphragm.
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Strectere

The mucous membrane of the upper half of the anal
canal is derived from hindgut endoderm (Fig. 8-7). Ithasthe
following important anatomic features:

1. RisHned by columnar epithelium.

2 1 is town into vertical folds called anal columns,
which are joined together at their lower ends by small
semilunar folds called anal valves (remains of proc-
todeal membrane) (Figs. 85 and 86).

& The nerve supply is the same as that for the rectal mucosa
and is derived from the autonomic hypogastric plexuses.
R i sensitive only to stretch (Fig. 87).

4 The arerial supply is that of the hindgut, namely, the su-

perior rectal artery, a branch of the inferior mesenteric

aery (Fig 7). The venous drainage is mainly by the su-
penor rectal vein, a tributary of the inferior mesenteric

vein, and the portal vein (Fig. 85).

3. The hymphatic drainage is mainly upward along the su-
Perior rectal artery to the pararectal nodes and then even-
ually o the inferior mesenteric nodes (Fig. 87).
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The mucous membrane of the lower half of the anal
canal is derived from ectoderm of the proctodeum. It has
the following important features:

. Itis lined by stratified squamous epithelium, which grad-
ually merges at the anus with the perianal epidermis (Fig.
8

. There are no anal columns (Fig. 8-6).

. The nerve supply is from the somatic inferior rectal nerve;
it is thus sensitive to pain, temperature, touch, and pres-
sure (Figs. 83 and 87).

w

4. The arterial supply is the inferior rectal artery, a branch of
the internal pudendal artery (Fig. 8-3). The venous
drainage is by the inferior rectal vein, a tributary of the in-
ternal pudendal vein, which drains into the internal iliac
vein (Figs. 85 and 87).

. The lymph drainage is downward to the medial group of
superficial inguinal nodes (Fig. 8-7).

The pectinate line indicates the level where the upper
half of the anal canal joins the lower half (Fig. 86).

o«

Muscle Coat

As in the upper parts of the intestinal tract, it is divided into
an outer longitudinal and an inner circular layer of smooth
muscle (Fig. 85).

Anal Sphincters

The anal canal has an involuntary internal sphincter and a
voluntary external sphincter.

The internal sphincter is formed from a thickening of
the smooth muscle of the circular coat at the upper end of
the anal canal. The internal sphincter is enclosed by a
sheath of striped muscle that forms the voluntary external
sphincter (Figs. 8-5, 86, and 87).

Figure 8-2 Diamond-shaped perineum divided by ab
line into the urogenital triangle and the anal triangle,
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Figure 8-3 Anal triangle and urogenital triangle in the male as seen from below.
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The external sphincter can be divided into three parts:

1. A subcutaneous part, which encircles the lower end of
the anal canal and has no bony attachments.

2. A superficial part, which is attached to the coccyx be-
hind and the perineal body in front.

3. A deep part, which encircles the upper end of the anal
canal and has no bony attachments.

The puborectalis fibers of the two levatores ani muscles
blend with the deep part of the external sphincter (Figs. 85,
26, and 87). The puborectalis fibers of the two sides form a
sling, which is attached in front to the pubic bones and
passes around the junction of the rectum and the anal canal,
pulling the two forward at an acute angle (Fig. 87).

The longitudinal smooth muscle of the anal canal is con-
tinuous above with that of the rectum. It forms a continuous
coat around the anal canal and descends in the interval be-
tween the internal and external anal sphincters, Some of the
longitudinal fibers are attached to the mucous membrane of
the anal canal, whereas others pass laterally into the is-
chiorectal fossa or are attached to the perianal skin (Fig. 85).

A_t the junction of the rectum and anal canal (Fig. 8-7),
the internal sphincter, the deep part of the external sphinc-
ter, and the puborectalis muscles form a distinct ring, called

the anorectal ring, which can be felt on rectal examina-

tion
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Figure 84 Sagittal sections of the male and the female pelvis.
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Blood Supply
Arteries

The superior artery supplies the upper half and the inferior
artery supplies the lower half (Fig. 8-7).

Veins

The upper half is drained by the superior rectal vein into the
inferior mesenteric vein and the lower half is drained by the
inferior rectal vein into the internal pudendal vein, The
anastomosis between the rectal veins forms an important
portal-systemic anastomosis.

Lymph Drainage

The upper half of the anal canal drains into the pararectal
nodes and then the inferior mesenteric nodes. The lower
half drains into the medial group of superficial inguinal
nodes (Fig. 8-7).

Nerve Supply

The mucous membrane of the upper half is sensitive to
stretch and is innervated by sensory fibers that ascend
through the hypogastric plexuses. The lower half is sensitive
to pain, temperature, touch, and pressure and is innervated
by the infen'or rectal nerves. The involuntary internal
sphincter gssupplied by sympathetic fibers from the inferior
hypogastric plexuses. The voluntary external sphincter is
supplied by the inferior rectal nerve, a branch of the puden-
dal nerve (Fig. 83), and the perineal branch of the fourth
sacral nerve.

DEFECATION

The time, place, and frequency of defecation are a matter of
habit. Some adults defecate once a day, some defecate sev-
eral times a day, and some perfectly normal people defecate
once in several days.

The desire to defecate is initiated by stimulation of the
stretch receptors in the wall of the rectum by the presence
of feces in the lumen. The act of defecation involves a coor-
dinated reflex that results in the emptying of the descending
colon, sigmoid colon, rectum, and anal canal. It is assisted
by arise in intra-abdominal pressure brought about by con-
traction of the muscles of the anterior abdominal wall. The
tonic contraction of the internal and external anal sphinc-
ters, including the puborectalis muscles, is now voluntarily
inhibited, and the feces are evacuated through the anal
canal. Depending on the laxity of the submucous coat, the
mucous membrane of the lower part of the anal canal is ex-
truded through the anus ahead of the fecal mass. At the end
of the act, the mucosa is returned to the anal canal by the
tone of the longitudinal fibers of the anal walls and the con-
traction and upward pull of the puborectalis muscle. The
empty lumen of the anal canal is now closed by the tonic
contraction of the anal sphincters.

ISCHIORECTAL FOSSA

The ischiorectal fossa (ischioanal fossa) is a wedge-shaped
space located on each side of the anal canal (Fig. 8-5). The
base of the wedge is superficial and formed by the skin. The
edge of the wedge is formed by the junction of the medial
and lateral walls. The medial wall is formed by the sloping
levator ani muscle and the anal canal. The lateral wall is
formed by the lower part of the obturator internus muscle,
covered with pelvic fascia.
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Figure 8-8 Course and branches of the pudendal nerve in the male.

Contents of Fossa

The ischiorectal fossa is filled with dense fat, which supports
the anal canal and allows it to distend during defecation.
The pudendal nerve and internal pudendal vessels are em-
bedded in a fascial canal, the pudendal canal, on the lat-
eral wall of the ischiorectal fossa, on the medial side of the
ischial tuberosity (Figs. 85 and 88). The inferior rectal ves-
sels and nerve cross the fossa to reach the anal canal.

Pudendal Nerve

The pudendal nerve is a branch of the sacral plexus and
leaves the main pelvic cavity through the greater sciatic fora-
men (Fig. 88). After a brief course in the gluteal region of
thg lower limb, it enters the perineum through the lesser sci-
atic foramen. The nerve then passes forward in the puden-
dal canal and, by means of its branches, supplies the exter-
nal anal sphincter and the muscles and skin of the
perineum.
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panches ]
lr Inferior rectal nerve. Tt)ls runs medially across the is-
" chiorectal fossa and supplies the external anal sphincter,
{he MUCOUS membrane 9( the lower half of the anal
canal, and the perianal skin (Fig. 8-3).
9 rsal nerve of .the pe.nls. (or clitoris). This is dis-
" ributed to the penis (or clitoris) (Fig. 88).

erineal nerve. This supplies the muscles in the uro-
" enital triangle (Fig. 8-8) and the skin on the posterior sur-
face cf the scrotum (or labia majora).

jnternal Pudendal Artery

The internal pudendal artery is a branch of the internal iliac
antery and passes from the Pelvns through the greater sciatic
foramen and enters the perineum through the lesser sciatic
foramen.

|, Inferior rectal artery. This supplies the lower half of the
anal canal (Fig. 8-3).

9. Branches to the penis in the male and to the labia
and clitoris in the female.

Internal Pudendal Vein

The internal pudendal vein receives tributaries that corre-
spond to the branches of the internal pudendal artery.

Urogenital Triangle

The urogenital triangle is bounded in front by the pubic arch
and laterally by the ischial tuberosities (Fig. 8-3).

SUPERFICIAL FASCIA

The superficial fascia of the urogenital triangle can be di-
vided into a fatty layer and a membranous layer.

The fatty layer (fascia of Camper) is continuous with
the fat of the ischiorectal fossa (Fig. 8-9) and the superficial
fascia of the thighs. In the scrotum, the fat is replaced by
smooth muscle, the dartos muscle. The dartos muscle con-
tracts in response to cold and reduces the surface area ofthe
scrotal skin. (See testicular temperature and fertility, p. 347 )

The membranous layer (Colles’ fascia) is attached pos-
teriorly to the posterior border of the urogenital diaphragm
(Fig. 89) and laterally to the margins of the pubic arch; an-
teriorly it is continuous with the membranous layer of su-
perficial fascia of the anterior abdominal wall (Scarpa’s fas-
cia). The fascia is continued over the penis (or clitoris) as a
tubular sheath (Fig. 8-13). In the scrotum (or labia majora)
itforms a distinct layer (Fig. 8-9).

SUPERFICIAL PERINEAL POUCH

The superficial perineal pouch is bounded below by the
membranous layer of superficial fascia and above by the
urogenital diaphragm (Fig. 8-9). Itis closed behind by the fu-
sion of its upper and lower walls. Laterally itis closed by the
altachment of the membranous layer of superficial fascia
and the urogenital diaphragm to the margins of the pubic
arch (Figs. 8-10 and 8-15). Anteriorly the space communi-
cates freely with the potential space lying between the su-
Perficial fascia of the anterior abdominal wall and the ante-
nor abdominal muscles.

The contents of the superficial perineal pouch in both
Sexes are described presently.
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Figure 8-9 Arrangement of the superficial fascia in the urogenital triangle. Note the superficial and

deep perineal pouches.
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UROGENITAL DIAPHRAGM

The urogenital diaphragm is a triangular musculofascial di-
gphragm situated in the anterior part of the perineum, filling
in the gap of the pubic arch (Figs. 89, 8-10, and 815). It is
10rrped by the sphincter urethrae and the deep transverse
perineal muscles, which are enclosed between a superior
and an inferior layer of fascia of the urogenital diaphragm.
The inferior layer of fascia is often referred to as the per-
ineal membrane.

Anteriorly the two layers of fascia fuse, leaving a small
gap beneath the symphysis pubis. Posteriorly the two layers
of fascia fuse with each other and with the membranous
layer of the superficial fascia and the perineal body (Fig. 8-
9). Laterally the layers of fascia are attached to the pubic
arch. The closed space that is contained between the su-
perficial and deep layers of fascia is known as the deep per-
ineal pouch (Figs. 89, 8-10, and 8-15).

The contents of the deep perineal pouch in both sexes
are described in subsequent sections.
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Figure 810 Coronal section of the male pelvis showing the prostate, the urogenital diaphragm,
and the contents of the superficial perineal pouch.
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Contents of the Male Urogenital

Triangle S e QUL (ot CULYY Olygione o5
I the male the trangle contains the penis and scrotum. el ciadll o S e S Uin (5 5oy
PENIS ieuastl ¢
Location and Description waogily gyt I
a“all‘:i“:;\'.‘:‘\h a fixed oot and a body that hangs free (Figs. (128 48 ONSENY &y oy 15 ot B o i
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crura of the penta (Figs, 811, $12, and 813). The bulbis 5 ! s o€ yrell Bl ol Bhonlly el
Situated i the midline and is atached to the undersurface gt A= 55y el b e ol Ay o5 L (13-8 (12
of the wogenital \‘linplm\wn. It is traversed by the urethra Ol Q_J,,_,u 'y Ja Y1 La jlane ¢ \,l_-\;:!\ v‘_j P P P
and s covered on its outer surface by the bulbospongiosus st Al < o s
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Figure 8-11 Root of penis and perineal muscles.

Body of the Penis

The body of the penis is essentially composed of three cylin-
ders of erectile tissue enclosed in a tubular sheath of fascia
(Buck's fascia). The erectile tissue is made up of two dor-
sally placed corpora cavernosa (which communicate with
each other) and a single corpus spongiosum applied to their
ventral surface (Figs. 812 and 813). At its distal extremity,
the corpus spongiosum expands to form the glans penis,
which covers the distal ends of the corpora cavernosa. On
the tip of the glans penis is the slitlike orifice of the urethra,
called the external urethral meatus,

The prepuce or foreskin is a hoodlike fold of skin that
covers the glans. It is connected to the glans just below the
urethral orifice by a fold called the frenulum.

The body of the penis is supported by two condensations
of deep fascia that extend downward from the linea alba and
symphysis pubis to be attached to the fascia of the penis.

Blood Supply
Arteries

The corpora cavernosa are supplied by the deep arteries
of the penis (Fig. &13); the corpus spongiosum is supplied
by the artery of the bulb. In addition, there is the dorsal

artery of the penis. All the above arteries are branches of
the internal pudendal artery.

Veins

These drain into the internal pudendal veins.
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Figure 8-12 Root and body of the penis.

Lymph Drainage

The skin of the penis is drained into the medial group of su-
perficial inguinal nodes. The deep structures of the penis are
drained into the internaliliac nodes.

Nerve Supply

The nerve supply is from the pudendal nerve and the pelvic
plexuses.

SCROTUM

Location and Description

The scrotum is an outpouching of the lower part of the an-
terior abdominal wall and contains the testes, the epi-
didymides, and the lower ends of the spermatic cords (see
Fig. 4-16 and Chapter 4).

The wall of the scrotum has the following layers: (1)
skin, (2) superficial fascia (dartos muscle, which is
smooth muscle, replaces the fatty layer of the anterior
abdominal wall, and Scarpa’s fascia [membranous
layer] is now called Colles’ fascia), (3) external sper-
matic fascia derived from the external oblique, (4)
cremasteric fascia derived from the internal oblique,
(5) internal spermatic fascia derived from the fascia
transversalis, and (6) tunica vaginalis; this is a closed
sac that covers the anterior, medial, and lateral surfaces
of each testis.

Because the structure of the scrotum, the descent of the
testes, and the formation of the inguinal canal are interre-
lated, they are fully described in Chapter 4.

deep dorsal vein sl s 4iah &, 0

dorsal nerve o A=) )

dorsal artery (s ¢k oy 2

crus of penis ——et 3o

COTPOra Cavernosa (! o'

corpus spongiosum iyl 3!

glans penis  azh 2t

external urethral meatus aUsil LI =Ll

il acn g sia :(12-8) Josb

sraelll i passt JTT
el L)Y i) s Y e gadl ) ) Al
LU 48 A il ) il ) 2 5

reuaant . v
g iy o A el o el G

pdall ¢

sauoglly pusgidt I

ol e o i) o dl) (el (e e pn il
ordondd i) opaledy e Ay el o (5 325 WY
(4 Joad516-4 S sl o

L) U (2) U (1) s OLakl il sk Of
O’h-‘“ )LLJ.- sl u.,h-“‘}axya\—-b ZLAF@} Lél-—h ilae)
(S0 U o5 ny [l 2] ) By oL
iyt bl U (4) 66 AU AU o 22l 5 AU iyl KLl (3)
Ul e Gz all bl 4,1 W (5) REAN B LIRS
(A e by s S g0 R D (6)
At SR el oY el

pmans Ailace 2, Y1 S JSC25 5 B J 355 ccrboall 2 OF sy
A Jadl 3 Lheoy fuB el

—

Olmall s5alsd) Jaadll

=




: ) in
9.#\ 4y dorsal velil

membranous layer of superficial fascia
Lol DU e LA pH]
(& » D) 1i.a)l wLill  deep fascia (Buck’s fascia)
A

S - L left crus
B s AL right crus

membranous part of urethra

Y o "‘:\.;:J\ {,..;h

J4sY! corona
i) =1 corpus spongiosum

A3 skin

LW e gl ]
superficial dorsal vein g S A 4,8

superficial dorsal artery e s el 0l uy
dorsal artery o544 04
deep artery e S

COrpUS Cavernosum (S okl

Corpus cavernosum A o1

corona LSy

glans penis —adl it
COrpUS SPONgiosum =Yl o3l
external urethral orifice & AUl LLL-Y) a 3

fossa terminalis 3Ly 5 i
fold of mucous membrane SLsll (Lodl s 2k

lacunae <l !

openings of urethral glands ZLi=YI >4l S

Figure 8-13 The penis. A, B. The three bodies of erectile tissue, the two corpora cavernosa, and the
corpus spongiosum with the glans. C. The penile urethra slit open to show the folds of mucous
membrane and glandular orifices in the roof of the urethra.
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Blood Supply

Subcutaneous plexuses and arteriovenous anastomoses
promote heat loss and thus assist in the environmental con-
trol of the temperature of the testes.

Arteries

The external pudendal branches of the femoral and scrotal
branches of the internal pudendal arteries.

Veins

The veins accompany the corresponding arteries.
Lymph Drainage

The wall of the scrotum is drained into the medial group of
superficial inguinal lymph nodes. The lymph drainage of the
testis and epididymis ascends in the spermatic cord and
ends in the lumbar (para-aortic) lymph nodes at the level of
the first lumbar vertebra. This is to be expected because the
testis during development has migrated from high up on the
posterior abdominal wall, down through the inguinal canal,

and into the scrotum, dragging its blood supply and lymph
vessels after it.
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Nerve o5FFTy

The anterior surface of the scn
guinal nerves and the ge
nerves, and the posterior
the perineal nerves and th
the thigh.

CONTENTS OF THE SUPERFICIAL PERINEAL poycy
IN THE MALE

The superficial perineal pouch contains structures formi

i < uctures fo
the root of the penis, together with the muscies that rcr:lg
them, namely, the bulbospongiosus muscles and the Sy

SIE0US nerves of
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cavernosus muscles (Fig. £11). The bulbg,

muscles, situated one on each side of the midline ﬁ__?’“;
11), cover the bulb of the penis and the posterior porﬁogr: ¢
the corpus spongiosum. Their function is to compress th0e
penile part of the .urethra and empty it of residyal o o

semen. The anterior fibers also compress the dees 3o rsai
vein of the penis, thus impeding the venous drai iy
erectile tissue and thereby assisting in the p

tion of the penis. e process of erec-
Ischiocavernosus Muscles

The ischiocavernosus muscles cover the crus penis on each
side (Fig. 811). The action of each muscle is to compress
the crus penis and assist in the process of erection of the pe-
nis.

Superficial Transverse Perineal Muscles

The superficial transverse perineal muscles lie in the poste-
rior part of the superficial perineal pouch (Fig. 8-11). Each
muscle arises from the ischial ramus and is inserted into the
perineal body. The function of these muscles is to fix the
perineal body in the center of the perineum.

Nerve Supply

All the muscles of the superficial perineal pouch are sup-
plied by the perineal branch of the pudendal nerve.

Perineal Body

This small mass of fibrous tissue is attached to the center of
the posterior margin of the urogenital diaphragm (Figs. 89
and 8-11). It serves as a point of attachment for the following
muscles: (1) external anal sphincter, (2) bulbospongiosus
muscle, and (3) superficial transverse perineal muscles.

Perineal Branch of the Pudendal Nerve

The perineal branch of the pudendal nerve on each side ter-
minates in the superficial perineal pouch by supplying the
muscles and skin (Fig. 88).

CONTENTS OF THE DEEP PERINEAL POUCH IN THE
MALE

The deep perineal pouch contains (7) the membranous part
of the urethra, (2) the sphincter urethrae, (3) the bul-
bourethral glands, (4) the deep transverse perineal muscles,
(5) the internal pudendal vessels and their branches, and
(6) the dorsal nerves of the penis.

el syl ny (11-8 Koy Gl ) e it
g e s (s gl o 4 B
G e 2 L) ) 00 0 e i o
ol ol 5 el oy, 1 L 2l U i L
Szl il g Lol o iy Lol el sy, 15

sl

AsagSI| AS Y S aatt X

) i IS 3 ) Gl 2SI Y1 Yl =%
Gl lly adl Gle bis pailae S Jee 0,5, (11-8
cmad last 2l

il | Al yatl | Adilomall S¥iaatl IT

O (A el (3 Toda I 2 a1 2ol Yl o2
o e 5 Lo e (11-8 K80l e I Sl
o SVl sda b, O) L Sl B e S5 1Sl e
Ol 5 3 ol b

reuaast) T
g_.‘.uv;\a..su AL b Sl A OVae S Cans
.&r,ﬂ‘

iilmall @ustt IV
e 5 Sl e e UST e e sy
«(11-8 (9-8 oSl Ltidl o0 Olmonld i) 25000
ey o 2015l (1) U oM aal) IS ) S Jany 42
1o M L lnall Ol (3) LAmzi Yl Lol A Ladl (2)
Akl
i@ rallcuaall Silaall g,a11. V
le,.;‘t;g\»ygf,m.,.‘.uvswlt,mﬁ
(8-8 JSdly Ay cMaall (mnry el

LS e Gaeall iluall ool Sligios ¢
(O] el Gl o 5y
Uil oMzl (4) LYl Aladl sl (3) all-Y 5 ~all (2)
sl (6) e o b Lm0 22481 () Adadll 2 el

omeadl] 4, glall

Olonad 1 0palid| Jaaaalt

@



I —

Membranous Part of the Urethra

This is about 1/2 inch (1.3 em) long and lies within the m‘n.
genital diaphragm surrounded by the '-plllll‘l‘“‘l ”“‘.“."‘"|
muscle; it is continuous above with the prostatic llli‘l|ll‘.|.-lllll‘
below with the penile urethra, It is the shortest and least di-
Jatable part of the urethra (Fig. 8 10)

Sphincter Urethrae Musclo

The sphincter urethrae muscle
deep perineal pouch, It arises !
two sides and passes medially to encircle

10).

surrounds the urethra in the
from the pubic arch on the
the urethra (Fig, 8-

Nerve Supply
The perineal branch of the pudendal nerve,

Action

The muscle compresses the membranous part of the urethra
and relaxes during micturition. Itis the means by which mic-
turition can be voluntarily stopped.

Bulbourethral Glands

The bulbourethral glands are two small glands that lie be-
neath the sphincter urethrae muscle (Fig. 8-10). Their ducts
pierce the perineal membrane (inferior fascial layer of the
urogenital diaphragm) and enter the penile portion of the
urethra. The secretion is poured into the urethra as a result
of erotic stimulation.

Deep Transverse Perineal Muscles

The deep transverse perineal muscles lie posterior to the
sphincter urethrae muscle, Each muscle arises from the is-
chial ramus and passes medially to be inserted into the per-
ineal body. These muscles are clinically unimportant,

Internal Pudendal Artery

The internal pudendal artery (Fig. 8-10) on each side enters
the deep perineal pouch and passes forward, giving rise to
(1) the artery to the bulb of the penis; (2) the arteries to
the crura of the penis (deep artery of penis); and (3) the
dpnal artery of the penis, which supplies the skin and fas-
cia of the penis.

Dorsal Nerve of the Penis

The dorsal nerve of the penis on each side passes forward
through the deep perineal pouch and supplies the skin of
the penis (Fig. 8-10).

ERECTION OF THE PENIS

Erection in the male is gradually built up as a consequence
of various sexual stimuli. Pleasurable sight, sound, smell, and
other psychic stimuli, fortified later by direct touch sensory
stimuli from the general body skin and genital skin, result in
a bombardment of the central nervous system by afferent
stimuli. Efferent nervous impulses pass down the spinal cord
to the parasympathetic outflow in the second, third, and
fourth sacral segments. The parasympathetic preganglionic
fibers enter the inferior hypogastric plexuses and synapse on
the postganglionic neurons. The postganglionic fibers join
the intemal pudendal arteries and are distributed along their
branches, which enter the erectile tissue at the root of the pe-

nis. Vasodilatation of the arteries now occurs, producing a
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great ine rease in blood flow through the blood spaces of the
orec e tssue The corpora cavermnons and the ¢ Orpus spon-
glosum hecome engorged with blood and expand, com-
pressing thelr draining veins against the surrounding fascia
By this means, the outflow of blood from the erectile tissue is
retarded 50 that the internal pressure is further accentuated
and malntained, The penis thus increases in length and di-
ameter and assumes the erect position,

Once the elimax of sexual excitement is reached and
ejaculation takes place, or ”,'" v:xrih-,mnn! passes off or is in-
hibited, the arteries supplying the erectile tissue undergo
vasoconstriction. The penis then returns to its flaceid state,

EJACULATION

During the increasing sexual excitement that occurs during
sex play, the external urinary meatus of the glans penis be-
comes moist as a result of the secretions of the bul-
bourethral glands.

Friction on the glans penis, reinforced by other afferent
nervous impulses, results in a discharge along the sympa-
thetic nerve fibers to the smooth muscle of the duct of the
epididymis and the vas deferens on each side, the seminal
vesicles, and the prostate, The smooth muscle contracts,
and the spermatozoa, together with the secretions of the
seminal vesicles and prostate, are discharged into the pro-
static urethra. The fluid now joins the secretions of the bul-
bourethral glands and penile urethral glands and is then
ejected from the penile urethra as a result of the rhythmic
contractions of the bulbospongiosus muscles, which com-
press the urethra. Meanwhile, the sphincter of the bladder
contracts and prevents a reflux of the spermatozoa into the
bladder. The spermatozoa and the secretions of the several
accessory glands constitute the seminal fluid, or semen.

At the climax of male sexual excitement, a mass dis-
charge of nervous impulses takes place in the central ner-
vous system. Impulses pass down the spinal cord to the sym-
pathetic outflow (T1-L2). The nervous impulses that pass to
the genital organs are thought to leave the cord at the first
and second lumbar segments in the preganglionic sympa-
thetic fibers. Many of these fibers synapse with postgan-
glionic neurons in the first and second lumbar ganglia.
Other fibers may synapse in ganglia in the lower lumbar or
pelvic parts of the sympathetic trunks. The postganglionic
fibers are then distributed to the vas deferens, the seminal
vesicles, and the prostate via the inferior hypogastric
plexuses.

MALE URETHRA

The male urethra is about 8 inches (20 cm) long and ex-
tends from the neck of the bladder to the external meatus on
the glans penis (Fig. 84). It is divided into three parts: (1)
prostatic, (2) membranous, and (3) penile.

The prostatic urethra is described on page267. It is
about 1 1/4 inches (3 ¢m) long and passes through the
prostate from the base to the apex (Fig. 8-10). It is the widest
and most dilatable portion of the urethra.

The membranous urethra is about 1/2 inch (1.25 cm)
long and lies within the urogenital diaphragm surrounded
by the sphincter urethrae muscle, It is the least dilatable por-
tion of the urethra (Fig. 8-10).

The penile urethra is about 6 inches (15.75 cm) long
and is enclosed in the bulb and the corpus spongiosum of
the penis (Figs. 84 and 8-10 through 8-12). The external mea-
tus is the narrowest part of the entire urethra. The part of the
urethra that lies within the glans penis is dilated to form the
fossa terminalis (navicular fossa) (Fig. 84). The bul-
bourethral glands open into the penile urethra below the
urogenital diaphragm.
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Contents of the Female Urogenital
Triangle

In the female the triangle contains the external genitalia and
the orifices of the urethra and the vagina.

CLITORIS

Location and Description o
itori i is in the male, is

The clitoris, which corresponds to the penis in t

situated at the apex of the vestibule anlerlgrly: lg has a struc-

ture similar to the penis. The glans of the clitoris is partly hid-

den by the prepuce.

Root of the Clitoris

The root of the clitoris is made up of three masses of erectile

tissue called the bulb of the vestibule and the right and left

crura of the clitoris (Figs. 815 and 8-16).

The bulb of the vestibule corresponds to the b‘ul_b o_f
the penis, but because of the presence of the vagina, it is di-
vided into two halves (Fig. 8-16). It is attached to the under-
surface of the urogenital diaphragm and is covered by the
bulbospongiosus muscles.

The crura of the clitoris correspond to the crura of the
penis and become the corpora cavernosa anteriorly. Each
remains separate and is covered by an ischiocavernosus
muscle (Fig. 8-16).

Body of the Clitoris

The body of the clitoris consists of the two corpora caver-
nosa covered by their ischiocavernosus muscles. The cor-
pus spongiosum of the male is represented by a small
amount of erectile tissue leading from the vestibular bulbs
to the glans.

Glans of the Clitoris

The glans of the clitoris is a small mass of erectile tissue that
caps the body of the clitoris. It is provided with numerous
sensory endings. The glans is partly hidden by the prepuce.

Blood Supply, Lymph Drainage, and Nerve Supply

The blood supply, lymph drainage, and nerve supply are
similar to those of the penis.

CONTENTS OF THE SUPERFICIAL PERINEAL POUCH
IN THE FEMALE

The superficial perineal pouch contains structures forming
the root of the clitoris and the muscles that cover them,
namely, the bulbospongiosus muscles and the ischiocaver-
nosus muscles (Figs. 8-15 and 8-16).

Bulbospongiosus Muscle

The bulbospongiosus muscle surrounds the orifice of the
vagina and covers the vestibular bulbs. Its fibers extend for-
ward to gain attachment to the corpora cavernosa of the cli-
toris. The bulbospongiosus muscle reduces the size of the
vaginal orifice and compresses the deep dorsal vein of the
clitoris, thereby assisting in the mechanism of erection in
the clitoris.

Ischiocavernosus Muscle

The ischiocavernosus muscle on each side covers the crus
of the clitoris. Contraction of this muscle assists in causing

the erection of the clitoris.
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superficial Transverse Perineal Muscles

The superficial transverse perineal muscles are identical in
structure and function to those of the male.

Nerve Supply
All the muscles of the superficial perineal pouch are sup-
plied by the perineal branch of the pudendal nerve.

perineal Body

The perineal body is larger than that of the male and is clin-
jcally important. It is a wedge-shaped mass of fibrous tissue
situated between the lower end of the vagina and the anal
canal (Figs. 84 and 8-16). It is the point of attachment of
many perineal muscles (as in the male), including the leva-
tores ani muscles; the latter assist the perineal body in sup-
porting the posterior wall of the vagina.

Perineal Branch of Pudendal Nerve

The perineal branch of the pudendal nerve on each side ter-
minates in the superficial perineal pouch by supplying the
muscles and skin (Fig. 8-8).

CONTENTS OF THE DEEP PERINEAL POUCH IN THE
FEMALE

The deep perineal pouch (Fig. 8-15) contains (7) part of the
urethra; (2) part of the vagina; (3) the sphincter urethrae,
which is pierced by the urethra and the vagina; (4) the deep
transverse perineal muscles; (5) the internal pudendal ves-
sels and their branches; and (6) the dorsal nerves of the cli-
toris.

The urethra and the vagina are described in the nextpage

and p.327

The sphincter urethrae and the deep transverse per-
ineal muscles are described on page 369. The internal pu-
dendal vessels and the dorsal nerves of the clitoris have
an arrangement similar to the corresponding structures
found in the male.

A summary of the muscles of the perineum, their nerve
supply, and their action is given in Table 8-1.

ERECTION OF THE CLITORIS

Sexual excitement produces engorgement of the erectile tis-

5uel within the clitoris in exactly the same manner as in the
male,

ORGASM IN THE FEMALE

As in the male, vision, hearing, smell, touch, and other psy-
chic stimuli gradually build up the intensity of sexual ex-
citement. During this process the vaginal walls become
moist because of transudation of fluid through the con-
gested mucous membrane. In addition, the greater vestibu-
lar glands at the vaginal orifice secrete a lubricating mucus.

The upper part of the vagina, which resides in the pelvic
Cavity, is supplied by the hypogastric plexuses and is sensi-
tive to stretch only. The region of the vaginal orifice, the
labia minora, and the clitoris are extremely sensitive to
touch and are supplied by the ilioinguinal nerves and the
dorsal nerves of the clitoris.

Appropriate sexual stimulation of these sensitive areas,
feinforced by afferent nervous impulses from the breasts
and other regions, results in a climax of pleasurable sensory
'Mpulses reaching the central nervous system. Impulses
then pass down the spinal cord to the sympathetic outflow
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The nervous impulses that pass to the genital organs are
thought to leave the cord at the first angl second lumbar seg-
ments in preganglionic sympathetic fibers. _Many c_>f these
fibers synapse with postganglionic neurons in the first an_d
second lumbar ganglia; other fibers may synapse in gangl_la
in the lower lumbar or pelvic parts of tl.1e §ympathet1c
trunks. The postganglionic fibers are then dlstnbl.}ted to the
smooth muscle of the vaginal wall, which rhythmically con-
tracts, In addition, nervous impulses travel in the pudend.al
nerve (S2, 3, and 4) to reach the bulbospongiosus gnd is-
chiocavernosus muscles, which also undergo rhythmic con-
traction. In many women a single orgasm brings aboqt sex-
ual contentment, but other women require a series of
orgasms to feel replete.

FEMALE URETHRA

The female urethra is about 1 1/2 inches (3.8 cm) long. It ex-
tends from the neck of the bladder to the external meatus,
where it opens into the vestibule about 1 inch (2.5 cm) be-
low the clitoris (Figs. 84 and 816). It traverses the sphincter
urethrae and lies immediately in front of the vagina. At the
sides of the external urethral meatus are the small openings
of the ducts of the paraurethral glands. The urethra can be
dilated relatively easily.

Paraurethral Glands

The paraurethral glands, which correspond to the prostate
in the male, open into the vestibule by small ducts on either
side of the urethral orifice (Fig. 8-14).

Greater Vestibular Glands

The greater vestibular glands are a pair of small mucusse-
creting glands that lie under cover of the posterior parts of
the bulb of the vestibule and the labia majora (Figs. 8-15 and
&16). Each drains its secretion into the vestibule by a small
duct, which opens into the groove between the hymen and

the posterior part of the labium minus (Fig. 814). These

glands secrete a lubricating mucus during sexual inter-
course,

VAGINA

Location and Description

The vagina not only is the female genital canal but also
serves as the excretory duct for the menstrual flow from the
uterus and forms part of the birth canal. This muscular tube
extends upward and backward between the vulva and the
uterus (Fig. 84). It measures about 3 inches (8 cm) long.
The cervix of the uterus pierces its anterior wall. The vaginal
orifice in a virgin possesses a thin mucosal fold, called the
hymen, that is perforated at its center. The upper half of the
vagina lies above the pelvic floor within the pelvis between
the bladder anteriorly and the rectum posteriorly; the lower
half lies within the perineum between the urethra anteriorly
and the anal canal posteriorly (Fig. 8-16).

Supports of th Vagina

e Upper third: Levatores ani muscles and transverse cervi-

cal, pubocervical, and sacrocervical ligaments.
e Middle third: Urogenital diaphragm.
o Lower third: Perineal body.
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Arteries

Veins

Lymph Drainage

Nerve Supply

tric plexuses.

Olonal! 1 weldd) Laalt

The vaginal artery, a branch of the internal iliac artery, and
the vaginal branch of the uterine artery supply the vagina.

Vaginal veins drain into the internal iliac veins.

The upper third of the vagina is drained by internal and ex-
temal iliac nodes, the middle third by internal iliac nodes,
and the lower third by superficial inguinal nodes.

'n}e vagina is supplied by nerves from the inferior hypogas-
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Muscles of Perineum

Table 8-1
Name of Muscle Origin B
External anal sphincter e
Subc Encir¢les anal canal, rrecta
no bony attachments 8 )
Su::'r(ﬁcial part Perineal body Coceyx branch of :
Deep part Encircles anal canal, fourth sacral
no bony attachments nerve
Puborectalis (part Pubic bones Sling around Perineal branch of
of levator ani) junction of fourth sacral
rectum and anal nerve and from
canal perineal branch
of pudendal nerve
Male Urogenital Muscles
Bulbospongiosus Perineal body Fnscia.ol bulb of Perineal branch of
penis and corpus pudendal nerve
spongiosum and
cavernosum
Ischiocavernosus Ischial tuberosity Fascia covering Perineal branch of
corpus pudendal nerve
cavernosum
| Sphincter urethrae Pubic arch Surrounds urethra Perineal branch of
pudendal nerve
J Superficial transverse Ishial tuberosity Perineal body Perineal branch of
perineal muscle pudendal nerve
| Deep transverse Ischial ramus Perineal body Perineal branch of
f‘ perineal muscle pudendal nerve
‘ Female Urogenital Muscles
| Bulbospongiosus Perineal body Fascia of corpus Perineal branch of
! cavernosum pudendal nerve
| Ischiocavernosus Ischial tuberosity Fascia covering Perineal branch of
corpus pudendal nerve
cavernosum

Sphincter urethrae Same as in male

J

[ Superficial Same as in male
|  transverse

. perineal muscle
i Deep transverse

' perineal muscle

Same as in male

VULVA

The term vulva is the collective name for the female exter-
nal genitalia and includes the mons pubis, labia majora and
minora, the clitoris, the vestibule of the vagina, the vestibu-
lar bulb, and the greater vestibular glands.

Blood Supply

The blood supply is large and is from branches of the exter-
nal and internal pudendal arteries on each side.

Lymph Drainage

The skin of the vulva is drained into the medial gmup f su-
perficial inguinal nodes.

Nerve Supply
The anterior parts of
guinal nerves
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Figure 8-17 Cystourethrogram after intravenous injection of contrast medium (28-year-old man).

(35 28 0500 o) ) (A5 5aLe) (b Joal g0 D il (Y s ALl AL 55 310 £(17-8) S8

The radiographic anatomy of the bones forming the bound-
aries of the perineum is shown in Figures 7-19, 7-21, and 7-23.
A cystourethrogram of the male urethra is shown in Figures
817 and 8-18.

The perineum when seen from below with the thighs ab-
ducted (Fig. 8-2) is diamond shaped and is bounded anteri-
orly by the symphysis pubis, posteriorly by the tip of the
coceyx, and laterally by the ischial tuberosities.

Symphysis Pubis
This is the cartilaginous joint that lies in the midline between
the bodies of the pubic bones (Fig. 83). It is felt as a solid
structure beneath the skin in the midline at the lower ex-
tremity of the anterior abdominal wall.
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Cocecyx

The inferior surface and tip of the coccyx can be palpated
in the cleft between the buttocks about 1 inch (2.5 cm) be-
hind the anus (Fig. 8-3).

Ischial Tuberosity

This can be palpated in the lower part of the buttock (Fig. 8-
3). In the standing position, the tuberosity is covered by the
gluteus maximus. In the sitting position, the ischial tuberos-
ity emerges from beneath the lower border of the gluteus
maximus and supports the weight of the body.

It is customary to divide the perineum into two triangles
by joining the ischial tuberosities by an imaginary line (Fig.
8-2). The posterior triangle, which contains the anus, is
called the anal triangle; the anterior triangle, which con-
tains the urogenital orifices, is called the urogenital trian-
gle.

Anal Triangle
ANUS

The anus is the lower opening of the anal canal and lies in
the midline. In the living the anal margin is reddish-brown
and is puckered by the contraction of the external anal
sphincter. Around the anal margin are coarse hairs.

Male Urogenital Triangle

This region contains the penis and the scrotum.

PENIS

This consists of a root, a body, and a glans (Figs. 8-12 and 8-
13). The root of the penis consists of three masses of erec-
tile tissue called the bulb of the penis and the right and left
crura of the penis. The bulb can be felt on deep palpation
in the midline of the perineum, posterior to the scrotum.

The body of the penis is the free portion of the penis
that is suspended from the symphysis pubis. Note that the
dorsal surface (anterior surface of the flaccid organ) usually
possesses a superficial dorsal vein in the midline (Fig. 8
13).

The glans penis forms the extremity of the body of the
penis (Figs. 8-12 and 8-13). At the summit of the glans is the
external urethral meatus. Extending from the lower mar-
gin of the external meatus is a fold connecting the glans to
the prepuce called the frenulum. The edge of the base of
the glans is called the corona (Fig. 8-12). The prepuce or
foreskin is formed by a fold of skin attached to the neck of
the penis. The prepuce covers the glans for a variable ex-
tent, and it should be possible to retract it over the glans.

SCROTUM

This is a sac of skin and fascia (Fig. 8-9) containjng the testes
and the epididymides. The skin of the scrotum is rugose and
is covered with sparse hairs. The bilateral origin of the scro-
tum is indicated by the presence of a dark line in the mid-
line, called the scrotal raphe, along the line of fusion.

TESTES

The testes should be palpated. They are oval shaped and
c;al They lie free within the  vagi-
and are not tethered to the
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Figure 8-18 Diagram of the main features seen in the cystourethrogram shown in Figure 8-17,
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EPIDIDYMIDES

ididymis can be palpated on the posterolateral sur-
Eaccehgfpthc {eslis‘ The epididymis is a long, narrow, firm
structure having an expanded upper end or head, a body,
and a pointed tail inferiorly (see Fig. 4-16). The con_illke vas
deferens emerges from the tail and ascends medial to !hef
epididymis to enter the spermatic cord at the upper end o!
the scrotum.

Female Urogenital Triangle

VULVA
This is the name applied to the female external genitalia
(Fig. 814).

Mons Pubis

This is the rounded, hair-bearing elevation of skin found an-
terior to the pubis (Fig. 8-14). The pubic hair in the female
has an abrupt horizontal superior margin, whereas in the
male it extends upward to the umbilicus,

Labia Majora

These are prominent, hair-bearing folds of skin extending
posteriorly from the mons pubis to unite posteriorly in the
midline (Fig. 8-14).

Labia Minora

These are two smaller, hairless folds of soft skin that lie be-
tween the labia majora (Fig. 8-14). Their posterior ends are
united to form a sharp fold, the fourchette. Anteriorly they
split to enclose the clitoris, forming an anterior prepuce
and a posterior frenulum (Fig. 814).

Vestibule

This is a smooth triangular area bounded laterally by the
labia minora, with the clitoris at its apex and the fourchette
atits base (Fig. 8-14).

Vaginal Orifice

This is protected in virgins by a thin mucosal fold called the
hymen, which is perforated at its center (Fig. 8-14). At the
first coitus the hymen tears, usually posteriorly or postero-
laterally, and after childbirth only a few tags of the hymen re-
main (Fig. 8-14).

ORIFICES OF THE DUCTS OF THE GREATER

VESTIBULAR GLANDS

These are small orifices, one on each side, in the groove be-
tween the hymen and the posterior part of the labium minus
(Fig. 8-14).

Clitoris

This is situated at the apex of the vestibule anteriorly (Fig. 8-
14). The glans of the clitoris is partly hidden by the pre-
puce.
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Portal-Systemic Anastomouniy

1 i n
In the submucosa of the anal canal Is s plexus of velr Ui elici -MU%WI “'J‘m' -
that is princlpall)./ drained upward by he superior ""'l::l. CA Mg b e A ) LA L) 2l A gy
vein. The small tributaries of the middie and inferior yecia) Iy S gyl wreehlentl ) g ) i bl 8y

veins communicate with each other and with the superior Ay e W
rectal vein through this plexus, The rectal venous plexus 49 M \gang 00 B il g Ao pmgdical B 300 § kel

therefore t:orms an Imp()niam portalsystemic anastomosls MM &bl S50 2110y 3 ki 0 ok Of N adil

because the superior rectal vein draing into the pontal veln €% &30 godiad i) 0Y auia AN =y b bl
d the middle and inferior rectal veing dral . , E o e Rpglia

an, 0 Into the sys— aladt ) Ol g4 el g Jae b Olpadnadi Oy sl gy )

AL CANAL

temic system.
A
Internal Hemorrhoids (Piles) et
These are varicosities of the tributaries of the superior (ol A Hulpgl

rectal (hemorrhoidal) vein and are covered by mucous ) \ o\ )l R T BT
membrane (Fig. 8-19). The tributaries of the vein, which lie v:;‘{l:, (4;’: (" )“r 5 k‘(”‘ é) W b B "‘,’
in the anal columns at the 3- 7- and 11.0'clock positions ¢ o) 2001 (198 JEally bt sl ihass

when the patient is viewed in the lithotomy position,* are ) H Ladie 11 (7 (3 el Pttt I [ AR

panicular!y !iable to become varicosed, Anatomically, a el Oy o\ L 7 ! . i
hemorrhoid is therefore a fold of mucous membrane and o Rl gk Al Ly ety g
submucosa containing a varicosed tributary of the superior Al y ol oLl s ae S bt ) gl WAy A5

rectal vein and a terminal branch of the superior rectal e lPe | gesasadl J !
é ch ) i 3§ glal RV | I PP bl s
artery. Internal hemorrhoids are initially contained within ¢ S % o

the anal canal (first degree). As they enlarge, they are ex- ardons Ailsthalh o 045 sifplal ytael! Ol il e e
truded from the canal on defecation, but they return at the &% B g Ladiey (5l B j0) 2,80 BN o PN S
end of the act (second degree), With further elongation, e AU v 13y aule) o A ol
they prolapse on defecation and remain outside the anus A b oce (? ) ) o 20 iy Lo gl Bt
(third degree). (A0 A 2y AN e Ay bRl e Jad A

Because internal hemorrhoids occur in the upper half of — éyr ) 3L s (2 lall Choad) (3 ot A0l el s ol ey
the anal canal, where the mucous membrane is innervated (4 4| R il
by autonomic afferent nerves, they are painless and are only by b b ‘L'f, B "‘LT“" Sty elonll LN g
sensitive to stretch. This may explain why large internal 0l pl G UL iy 000 Lo Wa g aiiatl) o b s
hemorrhoids give rise to an aching sensation rather than St (U 2 e M1 itk " L.\...l Ll
acute pain. i A T A 3 /

The causes of internal hemorrhoids are many, They fre- o™ &* 0 ol e Bale oy Eaudate QAN ol sl 0}
quently occur in members of the same family, which sug- 3,31 836 33,3 83,590 jtow ) il Chns 3y £\ AL
gestsa congenital weakness of the vein walls, Varicose veins . 1 i ol W Lol |
of the legs and hemorrhoids often go together, The superior fiioas “"’J‘J ¢ S O gt o Bl i
rectal vein is the most dependent part of the portal circula- ¢ 3528 055 O Wy ccolabans SNy yay U015 (3 nam 1
gon and is valveless. The weight of the column of venous — Lia y a1 sliall g gl Gt 63,51 (3 o5 Lo 810,55 oy

lood is thus greatest in the veins in the upper half of the . Sivict Sk :
anal canal. Here, the loose connective tissue of the submu- 18390 ke Al L Bobol) st Al '“_C bl gl oy
::hosa gives little support to the walls of the veins. Moreover, e (clianll el colualisy (g ) ) oyl adudy a0 51,
e venous return is interrupted by the contraction of the vy ) gy 1) ol Sy ol | b i G\
muscular coat of the rectal wall during defecation. Chronic _CJ G w}. v }J :13.3, o W el
constipation, associated with prolonged straining at stool, is Wb Abadd juul p ) SUISy il (oage Jale ya il e J)\‘h"“
acommon predisposing factor. Pregnancy hemorrhoids are 1, ) a,aizdl 5344 e el dakal (g i ) !
common owing to pressure on the superior rectal veins by e ! il g
the gravid uterus. Portal hypertension as a result of cirrhosis S gt o el gyt of s P W n“"‘/”
of the liver can also cause hemorrhoids, The possibility that — tieil A 0lazm fayf Jeind Y O gy gyl Ll gy O a8
cancerous tumors of the rectum are blocking the superior indi oy ol A sl Al 32554
rectal vein must never be overlooked. peall g0 pip Bt .

. iy
* The patient is in the supine position with both hip joints flexed and Cdblsin y ngitin (S ) g Acghumde y (8 g oW Agmin gt e M) 055
:I;ducted: the feet are held in position by stirmups. 1?14- position is g s JEiy gads I des piend N Ll ) (ndie Ay
mmonly used for pelvic examinations in the female. .JB‘U Kbl il
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External Hemorrhoids

These aré \'aricositi_es of the tributaries of the inferior rec-
1l (hemorrhoidal) vein as they run laterally from the anal
n. They are covered by skin (Fig. 8-19) and are com

margi : : : :
ssociated with well-established internal hemor-

monly &
rhoids. o
External hemorrhoids are covered by the mucous mem-

prane of the lower half of the anal canal or the skin, and they
are innervated by the inferior rectal nerves. They are sensi-
tive to pain, temperature, touch, and pressure, which ex-
Jains why external hemorrhoids tend to be painful.
Thrombosis of an external hemorrhoid is common. Its cause
is unknown, although coughing or straining may produce
distension of the hemorrhoid followed by stasis. The pres-
ence of asmall, acutely tender swelling at the anal margin is
immediately recognized by the patient.
Anal Fissure
The lower ends of the anal columns are connected by
small folds called anal.valves (Fig. 8-20). In persons suffer-
ing from chronic constipation, the anal valves may be torn
down to the anus as the result of the edge of the fecal mass
catching on the fold of mucous membrane. The elongated
ulcer so formed, known as an anal fissure (Fig. 8-20), is ex-
remely painful. The fissure occurs most commonly in the
midline posteriorly or, less commonly, anteriorly, and this
may be caused by the lack of support provided by the su-
perficial part of the external sphincter in these areas. (The
superficial part of the external sphincter does not encircle
the anal canal, but sweeps past its lateral sides.)

The site of the anal fissure in the sensitive lower half of
the anal canal, which is innervated by the inferior rectal
nerve, results in reflex spasm of the external anal sphincter,
aggravating the condition. Because of the intense pain, anal
fissures may have to be examined under local anesthesia.

Perianal Abscesses

Perianal abscesses are produced by fecal trauma to the
anal mucosa (Fig. 8-20). Infection may gain entrance to the
submucosa through a small mucosal lesion, or the abscess
may complicate an anal fissure or the infection of an anal
mucosal gland. The abscess may be localized to the sub-
mucosa (submucous abscess), may occur beneath the peri-
anal skin (subcutaneous abscess), or may occupy the is-
chiorectal fossa (ischiorectal abscess). Large ischiorectal
abscesses sometimes extend posteriorly around the side of
the anal canal to invade the ischiorectal fossa of the oppo-
site side (horseshoe abscess). An abscess may be found in
the space between the ampulla of the rectum and the upper
sufface of the levator ani (pelvirectal abscess).
Anatomically, these abscesses are closely related to the dif-
ferent parts of the external sphincter and levator ani mus-
cles, as seen in Figure 8-20.

Anal fistulae develop as the result of spread or inade-
quate treatment of anal abscesses. The fistula opens at one
end at the lumen of the anal canal or lower rectum and at
the other end on the skin surface close to the anus (Fig. 8-
20). If the abscess opens onto only one surface, it is known
as a sinus, not a fistula. The high-level fistulae are rare and
nun from the rectum to the perianal skin. They are located
above the anorectal ring, and, as a result, fecal material con-
stantly soils the clothes. The low-level fistulae occur below
the level of the anorectal ring, as shown in Figure 8-20.
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i . mechanism of
sphincteric mechan

The most important part o It consists of the deep

the anal canal is the anorectal ring. P O andho
part of the external sphincter, the inllv!mll.\plum ‘(n.ljl“"% =
puborectalis part of the levator ani. Surgical “l-)fr‘l ri||}iwill
the anal canal that resultin damage to the anorecta

produce fecal incontinence.

Removal of Anorectal Foreign Bodies

Normally the anal canal is kept closed by the mn(clo{ ll):'
internal and external anal sphincters and Hu: lom? n‘ l l“ .l e
borectalis part of the levator ani muscles. The veu(? col
tents are supported by the levator ani muscles, possibly as-
sisted by the transverse rectal mucosal folds. For these rea-
sons the removal of a large foreign body, such as a vase or
electric light bulb, from the rectum may be a formidable
problem.

The following procedure is usually successful.

1. The foreign body must first be fixed so that the sphinc-
teric tone, together with external attempts to grab the ob-
ject, do not displace the object further up the rectum.
Large, irregular, or fragile foreign bodies may not be re-
moved so easily, and it may be necessary to paralyze the
anal sphincter by giving the patient a general anesthetic
or by performing an anal sphincter nerve block.

L

Anal Sphincter Nerve Block and

Anesthetizing the Perianal Skin

By blocking the branches of the inferior rectal nerve and
the perineal branch of the fourth sacral nerve, the anal
sphincters will be relaxed and the perianal skin anes-
thetized.

The procedure is as follows:

—

. An intradermal wheal is produced by injecting a small
amount of anesthetic solution behind the anus in the
midline.

A gloved index finger is inserted into the anal canal to
serve as a guide.

A long needle attached to a syringe filled with anesthetic
solution is inserted through the cutaneous wheal into the
sphincter muscles along the posterior and lateral sur-
faces of the anal canal. The procedure is repeated on the
opposite side. The purpose of the finger in the anal canal
is to guide the needle and to prevent penetration of the
anal mucous membrane.

w o

Incontinence Associated With Rectal
Prolapse

Fecal incc e can accompany severe rectal pro-
lapse of long duration. It is thought that the prolonged and
excessive stretching of the anal sphincters is the cause of the
condition. The condition can be treated by restoring the
anorectal angle by tightening the puborectalis part of the le-
vator ani muscles and the external anal sphincters behind
the anorectal junction.

Incontinence Following Trauma

Trauma such as childbirth or damage to.the sphincters
during surgery or perianal abscesses or fistulae can be re-
sponsible.
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Incontinence Following Spinal Cord

<pinal cord injuries, the patient is not
Moreover, the parm'mpalhelic
ctivity of the descending colon,
ost. In addition, control over
= and sphincters of the anal canal
red. The rectum, now an isolated
tracting when the pressure within
local reflex response is much more effi-
ral segments of the spinal cord are spared. At
force of the contractions of the rectal wall
ipation and impaction of feces are the

Rectal Examination
following structures can be palpated by the gloved
er inserted into the anal canal and rectum in the
patient.
o Anteriorly:

Male:

. Opposite the terminal phalanx are the contents of the
rectovesical pouch, the posterior surface of the bladder,
the seminal vesicles, and the vasa deferentia (Fig. 8-21).
Opposite the middle phalanx are the rectoprostatic
fascia and the prostate.

Opposite the proximal phalanx are the perineal body,
the urogenital diaphragm, and the bulb of the penis.

Female:

. Opposite the terminal phalanx are the rectouterine
pouch, the vagina, and the cervix.

Opposite the middle phalanx are the urogenital di-
aphragm and the vagina.

Opposite the proximal phalanx are the perineal body
and the lower part of the vagina.

o

w

[\

W

o Posteriorly: The sacrum, coccyx, and anococcygeal
body.
o Laterally: The ischiorectal fossae and ischial spines.

RECTAL Fossa

The ischiorectal fossae (ischioanal fossae) are filled with
fat that is poorly vascularized. The close proximity to the
anal canal makes them particularly vulnerable to infection.
Infection commonly tracks laterally from the anal mucosa
through the external anal sphincter. Infection of the peri-
anal hair follicles or sweat glands may also be the cause of
infection in the fossae. Rarely, a perirectal abscess bursts
downward through the levator ani muscle. An ischiorectal
abscess may involve the opposite fossa by the spread of in-
fection across the midline behind the anal canal.

’/me DRAINAGE OF THE ANAL CANAL

The upper half of the mucous membrane of the anal
canal is drained upward to lymph nodes along the course of
the superior rectal artery. The lower half of the mucous
membrane is drained downward to the medial group of su-
perficial inguinal nodes. Many patients have thought they
had an inguinal hernia, and the physician has found a can-
cer of the lower half of the anal canal, with secondary de-
posits in the inguinal lymph nodes.
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Figure 8-21. A. Rectal examination in a pregnant woman showing how it is possible to palpate the
cervix through the anterior rectal wall. B. Rectal examination in the male showing how it is possi-

ble to palpate the prostate and the seminal vesicles through'the anterior rectal wall. C. Position of
the episiotomy incision in a woman during the second stage of labor. The baby’s head is present-
ing at the vaginal orifice.

a2l (B) il puisaal) Jap P G0 pa ) 350 e LS4 iy Jala Sagee 0 (asiinadd (enil) (A) 1(21-8) JS2)
P o A 58 34 iga (C) -aldll piitaad Jin DA e Gsial Gileaggads Bgad (en 48 gy S Mo agiional
Al da gl oo ind ) iy Cya Al D k)




,ulmum
Penis

Injuries to the penis may occur as the result of blunt
trauma, penetrating trauma, or strangulation. Amputation of
the entire penis should be repaired by anastomaosis using m-
crosurgical techniques to restore continuity of the main
blood vessels.

Erection and Ejaculation Following
Spinal Cord Injuries

Erection of the penis is controlled by the parasymps-
thetic nerves that originate from the second, third. and
fourth sacral segments of the spinal cord. Bilateral damage
to the reticulospinal nerve tracts in the spinal cord will result
in loss of erection. Later, when the effects of spinal shock
have disapy d, sp wis or reflex erection may oc-
cur if the sacral segments of the spinal cord are intact

Ejaculation is controlled by sympathetic nerves that orig-
inate in the first and second lumbar segments of the dpinal
cord. As in the case of erection, severe bilateral damage 10
the spinal cord results in loss of ejaculation. Later, refiex
ejaculation may be possible in patients with spinal cord
transections in the thoracic or cervical regions.

Circumcision

This is the operation of removing the greater pan of the
prepuce, or foreskin. In many newborn males, the prepuce
cannot be retracted over the glans. This can result in infec-
tion of the secretions beneath the prepuce leading 1o in-
flammation, swelling, and fibrosis of the prepuce. Repeated
inflammation leads to constriction of the orifice of the pre-
puce (phimosis) with obstruction to urination. It is now
generally believed that chronic inflammation of the pre-
puce predisposes to carcinoma of the glans penis. For these
reasons prophylactic circumeision is commonly practiced.
In Islam it is a religious rite.

Rupture of the Urethra

This may complicate a severe blow on the perineum. The
common site of rupture is within the bulb of the penis, just
below the perineal membrane. The urine extravasates into
the superficial perineal pouch and then passes forward over
the scrotum beneath the membranous layer of the superfi-
cial fascia, as described in Chapter 4. If the membranous
part of the urethra is ruptured, urine escapes into the deep
perineal pouch and can extravasate upward around the
prostate and bladder, or downward into the superficial per-
ineal pouch.
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Ifthe point of the catheter passes through the external ori-
fice and is then directed toward the urethral floor until it has
passed the mucosal fold (see 3 above), it should easily pass
along a normal urethra into the bladder.

ANATOMY OF THE PROCEDURE OF CATHETERIZATION
The procedure is as follows:

The patient lies in a supine position.

With gentle traction, the penis is held erect at right angles
to the anterior abdominal wall. The lubricated catheter is
passed through the narrow external urethral meatus. The
catheter should pass easily along the penile urethra. On
reaching the membranous part of the urethra, a slight re-
sistance is felt because of the tone of the urethral sphincter
and the surrounding rigid perineal membrane.

The penis is then lowered toward the thighs, and the
catheter is gently pushed through the sphincter.

. Passage of the catheter through the prostatic urethra and
bladder neck should not present any difficulty.
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Urethral Infection

The most dependent part of the male urethra is that which
lies within the bulb. Here, it is subject to chronic inflamma-
tion and stricture formation.

The many glands that open into the urethra, including
those of the prostate, the bulbourethral glands, and many
small penile urethral glands, are commonly the site of
chronic gonococcal infection.

Scrotum

Clinical notes on the anatomy of the scrotum are pre-
sented in Chapter 4.

’ﬂiMALE UROGENITAL TRIANGLE

Vulval Infection

S

In the region of the vulva, the presence of nurmerous
glands and ducts opening onto the surface makes this area
prone to infection. The sebaceous glands of the labia majora,
the ducts of the greater vestibular glands, the vagina (with its
indirect communication with the peritoneal cavity), the ure-
thra, and the paraurethral glands can all become infected.
The vagina itself has no glands and is lined with stratified
squamous epithelium. Provided that the pH of its interior is
kept low, it is capable of resisting infection to a remarkable
degree.

The Vulva and Pregnancy

An important sign in the diagnosis of pregnancy is the
appearance of a bluish discoloration of the vulva and vagina
as a result of venous congestion. It appears at approximately
the eighth to twelfth week and increases as the pregnancy
progresses,

Urethral Infection

'ﬂwg short length of the female urethra predisposes to as-
cending infection; consequently, cystitis is more common in
females than in males.

Urethral Injuries

Because of the short length of the urethra, injuries are rare.
In fractures of the pelvis the urethra may be damaged by

shearing forces as it emerges from the fixed urogenital di-
aphragm.
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ischial tuberosity Syl & s4>-Y)
pudendal nerve & A asdl

Flgu_re 8-22 Pudendal nerve block. A. Transvaginal method. The needle is passed through the
vaginal mucous membrane toward the ischial spine. On passing through the sacrospinous liga-

th

ment, the

A

chial tuberosity is pal d sub ly th

ic solution is inji d d the p
gh the b

dal nerve. B. Perineal method. The is-

k. The needle is inserted on the me-

dial side of the ischial tuberosity to a depth of about 1 inch (2.5 cm) from the free surface of the
tuberosity. The anesthetic is injected around the pudendal nerve.
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TRANSVAGINAL PROCEDURE

The bony landmark used is the ischial spine (Fig. 8-22).
ndex finger is inserted through the vagina to palpate
chial spine. The needle of the syringe is then passed
ough the vaginal mucous membrane toward the ischial
. On passing through the sacrospinous ligament, the
hetic solution is injected around the pudendal nerve
2).

PERINEAL PROCEDURE

e bony landmark is the ischial tuberosity (Fig. 8-22).
uberosity is palpated subcutaneously through the but-
and the needle is introduced into the pudendal canal
the medial side of the tuberosity. The canal lies abqul
h (2.5 cm) deep to the free surface of the ischial
berosity. The local anesthetic is then infiltrated around the
Pudendal nerve.
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Clinical Problem Solving

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

A 53-year-old man complained that for the past 4
years he had frequently passed blood-stained
stools. Recently, he had noticed that his “bowel”
protruded from his anus after defecation, and
this caused him considerable discomfort.

1. The lollowmg symptoms and signs in this patient were
consistent with a diagnosis of third degree internal hem-
orrhoids except:

A. The patient suffered from intense perianal irritation
caused by the mucous secretions from the prolapsed
mucous membrane.

Proctoscopic examination revealed three pink

swellings of mucous membrane at the level of the

anal valves.

C. The swellings were situated at 1,4, and 9 o'clock with

the patient in the lithotomy position.

D. The swellings bulged downward when the patient

was asked to strain.

E. Large, congested veins were seen in the swellings

F,

G

@

. The swellings remained outside the anus after defe-
cation.

. Abrasion of the mucous membrane was responsible
for the bleeding.

A 42-year-old woman visited her physician be-
cause she experienced an agonizing pain in the
“rectum,” which occurred on defecation. She
had first noticed the pain a week before when
she tried to defecate. The pain lasted for about
an hour, then passed off, only to return with the
next bowel movement. She said that she suf-
fered from constipation and admitted that some-
times her stools were streaked with blood. After
a careful examination, a diagnosis of anal fissure
was made.

. The following facts concerning this case are correct ex-

cept:

A. Examination of the anal canal was difficult because

any attempt to insert a gloved finger into the canal

caused severe pain.

The anus was kept tightly closed by the spasm of the

external anal sphincter.

. Gentle eversion of the anal margin under local anes-
thesia revealed the lower edge of a linear tear in the
posterior wall of the anal canal; a small tag of skin
projected from the lower end of the tear.

o @

D. The forward edge of a hard fecal mass may have

caught one of the anal valves and torn it downward
as it descended.

E. Anal fissures tend to occur on the anterior and pos-

terior walls of the anal canal because the mucous
membrane is poorly supported in this region by the
superficial external sphincter muscle.

F. The mucous membrane of the lower half of the anal

canal is innervated by autonomic afferent nerves
and is sensitive only to stretch,
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A 16-year old boy was'taking part in a bicycle
' ;e when, on approaching a steep hill, he stood
™ the pedals ta increase the speed. His right
oot slipped off tivepedal and he fell violently, his
perineu hitting the bar of the bicycle. Several
hours later he was admitted to the hospital un-
able to micturate. On examination, he was found
10 have extensive swelling of the pends and scro-
um. A diagnosis of ruptured urethra was made.

up ¢t

3, The f Jllowing facts concerning this case are correct ex-

epl.

‘\ rupture of the bulbous part of the urethra had taken
lace:

B I]-gw urine had escaped from the urethra and ex-
iravasated into the superficial perineal pouch,

- The umme had passed forward over the scrotum and

penis to enter the anterior abdominal wall.

The urine had extended posteriorly into the is-

chiorectal fossae.

£ The urine was located beneath the membranous
layer of superficial fascia.

A 34-year-old man was suffering from postoper-
ative retention of urine after an appendectomy.
The patient’s urinary tract was otherwise nor-
mal. Because the patient was in considerable
discomfort, the resident decided to pass a
catheter.

4. The following facts concerning the catheterization of a
male patient are correct except:

A. Because the.external urethral orifice is the narrowest
part of the urethra, once the tip of the catheter has
passed this point, the further passage should be easy.

3. Near the posterior end of the fossa terminalis, a fold
of mucous membrane projects from the roof and
may catch the end of the catheter.

(. The membranous part of the urethra is narrow and

fixed and may produce some resistance to the pas-
sage of the catheter.

The prostatic part of the urethra is the widest and

most easily dilated part of the urethra and should

‘ cause no difficulty to the passage of the catheter.

E. The bladder neck is surrounded by the sphincter
vesicae and always strongly resists the passage of the
tip of the catheter. s

A 41-year-old woman was seen in the emer-
gency department complaining of a painful
swelling In the region of the anus. On examina-
tion, a hot, red, tender swelling was found on the
right side of the anal margin. A diagnosis of is-
chiorectal abscess was made.

. The following facts concerning this case are probably

Correct except:

A An ischiorectal abscess is a common complication

‘ of anal fissure.

U The fat in the ischiorectal fossa is prone to infection
that might extend laterally through the base of the
anal fissure.

+ The fat in the ischiorectal fossa has a profuse blood
Bupply.
Asurgical incision of the abscess should provide ad-
¢quate drainage of the pus.
e surgeon should avoid the inferior rectal nerve
and vessels that cross the ischiorectal fossa from the
ateral to the medial side.
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A 35-year-old woman was seen by her obstetri-
cian and gynecologist complaining of a swelling
in the genital region. On examination, a tense
cystic swelling was found beneath the postpnor
two-thirds of the right labium majus and minus.
A diagnosis of a cyst of the right greater vestibu-
lar gland (Bartholin’s cyst) was made.

6. The following facts concerning this case are probably
correct except:
A. The cyst of the greater vestibular gland is produced
by the retention of secretion caused by the blockage
of the duct.

B. Infection of the duct by the gonococcus is a com- Loty C,L._ e 0 gl AR ey g
mon cause of the blockage. ‘ ¢ i 2
C. Infection of the cyst may occur, forming a painful ab- g o L 205 o ey 45 C ‘
scess. Sl o Bt 1 22 pashl ) Al ) Al iy el o )
D. The lymphatic drainage of this area is into the lateral i E
group of superficial inguinal nodes. e Y :
E. Asmall tender swelling was detected below and me- L by ) g._;i) J.‘,J o S 035 3wy H2S1 B !

dial to the inguinal ligament.

A 5 pad ! Jiladf Aty
Answers to Clinical Problems

. C.The swellings of internal hemorrhoids are situated at
3,7, and 11 o'clock with the patient in the lithotomy po-
sition. These swellings are caused by a dilatation of the
three main tributaries of the superior rectal vein.

2. F. The mucous membrane of the lower half of the anal

w

-~

o o

canal is innervated by the inferior rectal nerve and is
very sensitive to pain, temperature, touch, and pressure.
D. The superficial perineal pouch is closed off posteri-
orly by the attachment of the membranous layer of su-
perficial fascia to the posterior margin of the urogenital
diaphragm. Because of this attachment the extravasated
urine cannot enter the ischiorectal fossae.

. E. The bladder neck does not cause obstruction to the
passage of the catheter. In this patient the sphincter may
provide some minor resistance that is easily overcome.
C. The fat in the ischiorectal fossa has a poor blood sup-
ply.

. D. The lymphattic drainage of this area is into the medial

group of superficial inguinal nodes situated below the
inguinal ligament. The spread of infection can result in
an enlargement of one of the nodes, as in this case,
which becomes tender to palpation.
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Select the best response:

1. The following statements concerning the female ure-
thra are true except:

1lae b Aomisis

A. It lies immediately anterior to the vagina. s g a

B. Its external orifice lies about 2 inches (5 cm) from <l g b B (e ) ) 2 dmy o 5 AU aa p 05 B
the clitoris. (p=3.75) f 1 Yo Jpm 4 .C

C. Itis about 1 1/2 inches (3.75 cm) long. ™ "L,u“j) ,,,‘::.4 3 e D

D. It pierces the urogenital diaphragm. AT d gk

E. It is straight and only minor resistance is felt asa o= 352 )y die By aglin, Jadh oty poiins 2 Eo
catheter is passed through the urethral sphincter. JdeY s pan

Olonad! s5al0) Juaidl
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which of the following structures ca
“ by a vaginal examination? e
A SIgr“colon
B. Ureters
C. Perineal body
D. Ischial spines
E Iliopectineal line
3. The following statements concerniing the ischiorectal
fossa are true except:

A. The pudendal nerve lies in its lateral wall.

8. The floor is formed by superficial fascia and skin

C. The lateral wall is formed by the obturator inleml..ts

muscle and its fascia.

D. The medial wall in part is formed by the levator ani

muscle.

E. The roof is formed by the urogenital diaphragm.

4. The following statements concerning the penis are
true excepl:

A. Its root is formed ingthe midline by the bulb of the
penis, which continues anteriorly as the corpus
spongiosum.

Its roots laterally are formed®y the crura, which
continue anteriorly as the corpora cavernosa.

]

_ The penile urethra lies within the corpus spongio-
sum.

D. The glans penis is a distal expansion of the fused
corpora cavernosa.

E. The penis is suspended from the lower part of the
anterior abdominal wall by two condensations of
deep fascia.

5. The following statements concerning perineal struc-
tures are true except:

A. The anorectal ring is formed by the subcutaneous,
superficial, and deep fibers of the external anal
sphincter.

. The urogenital diaphragm is attached laterally to
the inferior ramus of the pubis and the ischial
ramus.

C. The bulbourethral glands are situated in the deep
perineal pouch.

D. The anococcygeal body is rarely damaged in child-
birth.

E. The lymph drainage of the skin around the anus is
into the medial group of superficial inguinal nodes.

6. The urogenital diaphragm is formed by all of the fol-
lowing structures except the: ¢

. Deep transverse perineal muscle
Perineal membrane
Sphincter urethrae muscle
C9I)les‘ fascia (membranous layer of superficial fas-
Cia
E. Parietal pelvic fascia covering the upper surface of

_ _the sphincter urethrae muscle

. Which of the following structures cannot be palpated
On rectal examination in the male?

A. Bulb of the penis
B. Urogenital diaphragm
C. Anorectal ring
D. The anterior surface of the sacrum

3 E. l_)reler

& l\hm]? statement is not true concerning the anal

anal?

-; II‘ isabout 1 1/2 inches (3.8 cm) long.

P ll Pierces the urogenital diaphragm. ;

- ltis related laterally to the external anal sphincter.

O

w

o0 W

.

A sioio Apasai | S Y 5yasdls Aaball LI @l !

- lall pamally Lpw (Sas ¥ A il om 51 -2
g 05 A
oW B
L gomall o %
S S 2 D
G i H kil E

w

tlacls
st ) W or 3 e ) anll a5 A
Ay Asda B e 3 20 ) S5 B

b 2ol L e o) b )l S5 .C

3 gl
A iy il a W Y1l Sy D
sl Sl Ot p i) JSC2y B
Hlacks Aximio Caadlly Aalall AW alylall 4

b5 (A i) sy r ol L e oo S22 A

il k) A L 3

IS pLYI s Oslas el G o Lilor o)y JS22 B

S )
i gt oo i) MYl a2y .C

.M|M|Maﬂamg~wﬂlbb!.n
a—*@-‘ﬁﬂw‘-ﬂ‘a-‘ﬂ-." M i iy il Gl B

Ao BN
e le Ampoeso Auiloeall il 2alal) A oyl .5

Lodadly A e OUYI o dasinl 2w 20 2l 85 A

A 3 v Al el Al

Ll Al et e Uil o) S Ot 55 B

ALY 2atlly
Gl 9;\...11 A 3 ALY Alad s o] G
Y U pananll o 2N 3 (3t L F56 D

LY a2 e ettt J) 70 Jp Ll Gl s B

Aoda i

ot Le AU il JS on Aaall sl ‘._.,\,:.,.n JSa3s .6

gl 1 | Atall Aladll LA

Qa\aun PLICEI IS ;3

ALY 5 el dlae .C

(erdad) BUD L) 22l ) 57 B D

3l 2 Lina) 5 bl el 2 ) 2 ) LA JLasi

Ay

S e ] amally Lpass: (S ¥ 20 3l 0 517

voad)l ey LA
RPWEI M PETERER -
izl Lo 2 23 L.C
peald ,'ebgl CL-—M .D
y A LE
S i) BLAIL Blas Lo Aomymas yui Byluc 1.8
(38 5 1 % de L A
et -:aluJ-! 3 B
o sl 2o 2015 pall Lslor W gl .C

Olonall :0aldd) Juaalf

-



D. 1t s the site of an important portal-systemic anasto- b Al — 20k 32Ul Wige 2D
o Wl 5 e i i) Bl (el ey E

mosks.
E The mucous membrane of the lower halt peceives Sy s
its arterial supply from the inferior rectal artery. i il O
9. Which of the following features Is true concemin"g the e guladl cood ejall pads Lesd pusio 2L Hallall (e 1.9
subcutaneous part of the external anal sphincter? 3ol Lo 1501 3 seall
A Itencireles the anal canal. o s '_’"’ ay
B, It Is attached to the anococeygeal body. o A S by LA
C. Itis composed of smooth muscle fibers. cganadll e Y o e 5. .B
D. It causes the rectum to join the anal canal at an LT J‘-.-“(/ S .

acute angle,
E. Itis innervated by the middle rectal nerve. ool 4yyl5 J{_, Lor 2 Sl M) i U pleail oy D
gl el aaly % .E
10. The following facts concerning defecation are true ex- A % T
cepl: lacls Ao dogally Aalall 290N S5lEs1 S, 10
A, The act is often preceded by the entrance of feces 220 g 325 oy L2 piz Ml e 510 J ey S3le s LA
into the rectum, which gives rise to the desire to -"r-’h'"e

defecate, *
LY B Sl S¥ae alis B

B. The muscles of the anterior abdominal wall con-

tract, e U W Al y 5 AN o A0 Ol all e 2
C. The external anal sphincters and the puborectalis : 2 f"“_ i _’J u"_‘l O
muscle relax. A f A ey ULl alis D
D. The internal sphincter contracts and causes the ¥ o 2o 21 523 o 91.'..1‘ f..iU ",Lb\ll PICHIETR )
evacuation of the feces, 4
gl uﬁuful@;n

E. The mucous membrane of the lower part of the
anal canal is extruded through the anus ahead of Hlacks 2000 Glded! e 333N Rlee . 1]

the fecal mass. Sl 2
11. The process of ejaculation depends on the following 4 o A3l als A
processes except: el o 22U el 5 U 3 ) el U 25 0 oy B
A. The sphincter of the bladder contracts. B ol 2 Jold 2t l:l 0
B. The sympathetic preganglionic nerve fibers arising . Al \ ,;'f,-“ =t ehy “Jﬂ' %
from the first and second lumbar segments of the 77~ &* 2545 el gl el Sl waliz .C

spinal cord must be intact. Ll
C. The smooth muscle of the epididymis, vas defer- 5 2Ll S o g
ens, seminal vesicles, and prostate contracts. A il sy 2 23055 .D
D. The bulbourethral glands and urethral glands are el i Yl oVl s 25 E
active, 5 all ¢ addl 958 ¢ { 5 Juis ¥ 4
E. The bulbospongiosus muscles relax. G O 3 3 |l pa gl 12
12, Which of the following structures does not receive in- Olaaloas A
nervation from the branches of the pudendal nerve? L=y
A. Labia minora Geclivelih
B. Urethral sphincter el 9"”" ».C
3 mnpoei B
SR 2l c

E. Skin of the penis or clitoris
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