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High-Yield Gross Anatomy addresses many of the recurring clinical themes of the USMLE Step 1. The 
information presented in this text prepares you to handle not only the clinical vignettes found on the 
USMLE Step 1, but also the questions concerning basic gross anatomy concepts.

Like the USMLE Step 1, the discussions are comprehensively illustrated with a combination of 
drawings, MRIs, CT scans, radiographs, and cross-sectional anatomy. This edition is particularly excit-
ing because we have included colored diagrams and figures to assist the learning process. In addition, 
High-Yield Gross Anatomy directly addresses clinical issues and common clinical techniques (e.g., liver 
biopsy, tracheostomy, and lumbar puncture) that require knowledge of basic gross anatomy to deduce 
the correct answer.

For High-Yield Gross Anatomy, Fifth Edition, Dr. Thomas Louis has again contributed his consider-
able gross anatomy teaching experience to improve and narrow the focus of the book. Dr. Louis has 
taught gross anatomy for about 30 years in both cadaver-dissection and computer-assisted distance-
learning gross anatomy courses. He has been a leader in developing computer-assisted distance learn-
ing at the Brody School of Medicine and has received national recognition for his efforts.

Dr. Louis used High-Yield Gross Anatomy in his physician assistant gross anatomy course for 4 years 
with excellent success and supplemented the clinical anatomy presented in the book with critical basic 
anatomy figures and diagrams to assist students in learning the gross anatomy relationships of these 
clinically relevant areas. Dr. Louis and I have added some of these colored figures and diagrams to 
further enhance your understanding.

I would appreciate your comments or suggestions about this book, especially after you have taken 
the USMLE Step 1, so that future editions can be improved and made more relevant to the test. You 
may contact me at dudekr@ecu.edu.

Ronald W. Dudek, PhD

P R E F A C E
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Vertebral Column

I The Vertebral Column (Figure 1-1)

A. The vertebral column consists of 33 vertebrae (cervical C1 to C7, thoracic T1 to T12, lumbar L1 to L5, 
sacral S1 to S5 [sacrum], and coccygeal Co1 to Co4 [coccyx]).

B. The vertebral canal contains the spinal cord, dorsal rootlets, ventral rootlets, dorsal nerve root, ventral 
nerve root, and meninges.

C. The spinal nerve is located outside the vertebral canal by exiting through the intervertebral foramen.

1 2 3

(C1)

(C2)

Atlas (C1)

Axis (C2)

Dens of C2

7 cervical

Vertebrae:

12 thoracic

5 lumbar

Sacrum
(5 segments)

Coccyx
(4 segments)

C1
C2
C3
C4
C5
C6
C7

T1

T2
T3

T4

T5
T6
T7
T8

T9

T10

T11

T12

L1

L2

L3

L4

L5

S1
S2
S3
S4
S5

Co1
Co2
Co3
Co4

Spinous process
overlapping
inferior vertebra

Figure 1-1 Vertebral column: (1) anterior view; (2) right lateral view; (3) posterior view with vertebral ends of the ribs.



2 Chapter 1

FetusNewborn4 yearsAdult

Curvatures:

Cervical (2°)

Thoracic (1°)

Lumbar (2°)

Sacral (1°)

Normal
1

Kyphosis
2

Lordosis
3

Normal Scoliosis
4

A B

Figure 1-2 A: Normal curvatures of the vertebral column from fetus to adult. B: Abnormal curvatures of the vertebral 
column. (1) Normal; (2) kyphosis; (3) lordosis; (4) scoliosis.

II Normal and Abnormal Curvatures of the 
Vertebral Column (Figure 1-2A, B)

A. Primary Curves are the thoracic and sacral curvatures, which form during the fetal period.

B. Secondary Curves are the cervical and lumbar curvatures, which form after birth as a result of 
lifting the head and walking, respectively.

C. Kyphosis is an exaggeration of the thoracic curvature, which may occur in the aged due to osteopo-
rosis of disc degeneration.

D. Lordosis is an exaggeration of the lumbar curvature, which may occur as a result of pregnancy, spon-
dylolisthesis, or “potbelly.”

E. Scoliosis is a complex lateral deviation/torsion, which may occur due to poliomyelitis, a short leg, or 
hip disease.
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Table 1-1: Vertebral Levels of Various Anatomical Structures
Anatomical Structure Vertebral Level

Hyoid bone, bifurcation of common carotid artery C4

Thyroid cartilage, carotid pulse palpated C5

Cricoid cartilage, start of trachea, start of esophagus C6

Sternal notch, arch of the aorta T2

Sternal angle, junction of superior and inferior mediastinum, bifurcation of trachea T4

Pulmonary hilum T5–T7

Inferior vena cava (IVC) hiatus T8

Xiphisternal joint T9

Esophageal hiatus T10

Upper pole of left kidney T11

Aortic hiatus T12

Duodenum T12-L1

Celiac artery, upper pole of right kidney T12

Superior mesenteric artery, end of spinal cord in adult (conus medullaris), and pia mater L1

Renal artery L2

End of spinal cord in newborn, inferior mesenteric artery, umbilicus L3

Iliac crest, bifurcation of aorta L4

Sacral promontory, start of sigmoid colon S1

End of dural sac, dura, arachnoid, subarachnoid space, and CSF S2

End of sigmoid colon S3

III Vertebral Levels of Various Anatomical 
Structures (Table 1-1)

Vertebral levels are used to reference the location of important anatomical structures. Knowledge of these 
vertebral levels will assist in deciphering clinical vignette questions. For example, a clinical vignette question 
may describe a pulsatile swelling located at vertebral level T2. Knowledge that the arch of the aorta is found 
at T2 will allow you deduce an aortic arch aneurysm.
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IV Joints
A. Atlanto-occipital Joints (Figure 1-3)

 ● Atlanto-occipital joints are the articulations between the superior articular surfaces of atlas (C1) and 
the occipital condyles.

 ● The action of nodding the head (as in indicating “yes”) and sideways tilting of the head
occurs at these joints.

 ● These are synovial joints and have no intervertebral disc.
 ● The anterior and posterior atlanto-occipital membranes limit excessive movement at this joint.

B. Atlantoaxial Joints (Figure 1-3)
 ● Atlantoaxial joints are the articulations between atlas (C1) and axis (C2) which include two lateral 

atlantoaxial joints between the inferior facets of C1 and superior facets of C2, and one median 
atlantoaxial joint between the anterior arch of C1 and the dens of C2.

 ● The action of turning the head side-to-side (as in indicating “no”) occurs at these joints.
 ● These are synovial joints and have no intervertebral disc.
 ● The alar ligaments, which extend from the sides of the dens to the lateral margins of the foramen 

magnum, limit excessive movement at this joint.

C. Clinical Consideration: Atlantoaxial Dislocation (Subluxation)
 ● Atlantoaxial dislocation (subluxation) is caused by the rupture of the transverse ligament of 

atlas due to trauma (e.g., Jefferson fracture) or rheumatoid arthritis. This allows mobility of the dens
(part of C2) within the vertebral canal, which places at risk the cervical spinal cord (leading to quad-
riplegia) and/or medulla (respiratory paralysis leading to sudden death).

 ● The dens is secured in its position by the following.
 ○ Transverse ligament of atlas, which together with the superior longitudinal band and infe-

rior longitudinal band form the cruciate ligament. A widening of the atlantodental interval 
(distance from the anterior arch of C1 to the dens) suggests tearing of the transverse ligament.

 ○ Alar ligaments
 ○ Tectorial membrane, which is a continuation of the posterior longitudinal ligament.

Tectorial 
membrane (cut)

Alar ligament

Capsule of
atlanto-occipital joint

Articular facet of dens for
transverse ligament of atlas
(part of median atlantoaxial
joint)

Tectorial membrane
(accessory part)

Capsule of right lateral
atlantoaxial joint

Cruciate
ligament
(cut)

Left
atlanto-occipital
joint

Posterior view

Superior
longitudinal 
band

Atlas (C1)

Axis (C2)

Transverse 
ligament of
atlas

Inferior
longitudinal
band

Occipital
bone

Posterior longitudinal 
ligament becoming
tectorial membrane (cut)

Figure 1-3 Ligaments of the atlanto-occipital and atlantoaxial joints (posterior view). The tectorial membrane 
and the right side of the cruciate ligament have been removed to show the attachment of the right alar ligament to the 
dens of the C2.
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V Vasculature of the Vertebral Column
A. Arterial Supply

 ● The vertebrae are supplied by periosteal branches, equatorial branches, and spinal branches
from larger parent arteries that include the vertebral arteries, ascending cervical arteries, segmental 
arteries of the trunk, posterior intercostal arteries, subcostal and lumbar arteries in the abdomen, and 
iliolumbar and lateral and medial sacral arteries in the pelvis.

 ● The periosteal and equatorial branches arise from these parent arteries as they travel along the antero-
lateral surface of the vertebrae.

 ● The spinal branches enter the intervertebral foramina and divide into the anterior vertebral canal 
branch, which sends nutrient arteries into the vertebral bodies, and the posterior vertebral 
canal branch. The spinal branches terminate as the segmental medullary arteries or radicular 
arteries, which supply the spinal cord.

B. Venous Drainage
 ● The vertebrae are drained by spinal veins, which form the internal vertebral venous plexus and 

the external vertebral venous plexus.
 ● The basivertebral veins form within the vertebral bodies, exit via foramina on the vertebral surface, 

and drain into the internal vertebral venous plexus (anterior portion).
 ● The intervertebral veins receive veins from the spinal cord and the vertebral venous plexuses as 

they accompany spinal nerves through the intervertebral foramina.

VI Clinical Considerations
A. Denervation of Zygapophyseal (Facet) Joints. The zygapophyseal (facet) joints are

synovial joints between inferior and superior articular processes. These joints are located near the
intervertebral foramen. If these joints are traumatized or diseased (e.g., rheumatoid arthritis), a spinal 
nerve may be impinged and cause severe pain. To relieve the pain, medial branches of the dorsal primary 
ramus are severed (i.e., dorsal rhizotomy).

B. Dislocations Without Fracture occur only in the cervical region because the articular sur-
faces are inclined horizontally. Cervical dislocations will stretch the posterior longitudinal ligament.

C. Dislocations With Fracture occur in the thoracic and lumbar region because the articular
surfaces are inclined vertically.

D. Stability of the Vertebral Column is mainly determined by four ligaments.
 ● Anterior longitudinal ligament
 ● Posterior longitudinal ligament
 ● Ligamentum flavum (LF)
 ● Interspinous (IS) ligaments

E. A Route of Metastasis  for breast, lung, and prostate cancer to the brain exists because the
internal vertebral venous plexus, basivertebral veins, and external vertebral venous plexus
surrounding the vertebral column communicate with the cranial dural sinuses and veins of the thorax, 
abdomen, and pelvis.

F. Protrusion of the Nucleus Pulposus (Figure 1-4). An intervertebral disc consists of the annu-
lus fibrosus (fibrocartilage) and nucleus pulposus (remnant of the embryonic notochord). The nucleus
pulposus generally herniates in a posterior–lateral direction and compresses a nerve root.
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Herniated 
Disc Between

Compressed 
Nerve Root

Dermatome 
Affected

Muscles 
Affected

Movement 
Weakness

Nerve and Reflex 
Involved

C4 and C5 C5 C5
Lateral surface of 

the arm

Deltoid Abduction of arm Axillary nerve
↓ biceps jerk

C5 and C6 C6 C6
Lateral surface of 

the forearm
Thumb
Index finger

Biceps
Brachialis
Brachioradialis

Flexion of forearm
Supination/ 

pronation

Musculocutaneous 
nerve

↓ biceps jerk
↓ brachioradialis 

jerk

C6 and C7 C7 C7
Middle finger

Triceps
Wrist extensors

Extension of forearm
Extension of wrist

Radial nerve
↓ triceps jerk

L3 and L4 L4 L4
Medial surface of 

the leg

Quadriceps Extension of knee Femoral nerve
↓ knee jerk

L4 and L5 L5 L5
Lateral surface 

of leg
Dorsum of foot
Big toe

Tibialis anterior
Extensor hallucis 

longus
Extensor digito-

rum longus

Dorsiflexion of 
ankle (patient 
cannot stand on 
heels)

Extension of toes

Common fibular 
nerve

No reflex loss

L5 and S1  
(most  
common)

S1 S1
Heel
Little toe

Gastrocnemius
Soleus

Plantar flexion of 
ankle (patient 
cannot stand on 
toes)

Flexion of toes

Tibial nerve
↓ ankle jerk

Note the correspondence between the compressed nerve root and the dermatome affected.

A

L3

L4

S1

B

L5

3

5

4

S1

Figure 1-4 Herniated disc. A: Echo MRI (sagittal view) shows a herniated disc (arrows) between L5 and S1. B: Poste-
rior view of lumbar vertebral bodies shows the relationship of a herniated disc (blue) and spinal nerve roots. For example, 
the spinal L4 nerve roots pass out laterally close to the pedicle of the L4 vertebra and therefore may not be involved in a 
herniated disc between the L4 and L5 vertebrae. However, spinal L5 nerve roots will most likely be involved in a herniated 
disc between L4 and L5 vertebrae. C: Important features of a herniated disc at various vertebral levels are shown. From 
various clinical signs, you should be able to deduce which nerve root is compressed and then identify the appropriate 
intervertebral disc on a radiograph or MRI.

C
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G. Spondylolysis (Figure 1-5) is a stress fracture of the 
pars interarticularis (an area between the pedicle and 
lamina of a vertebra). It is often seen in adolescent ath-
letes, most commonly at the L4 or L5 vertebra. The oblique 
radiograph shows a fracture at the pars interarticularis with 
sclerotic margins (small arrows) which appears as a radio-
lucent “collar” around the neck of a Scottie dog. Note 
that the pars interarticularis at L4 vertebra is normal (large 
arrow).

L4

L5

Figure 1-5 Oblique radiograph of a spon-
dylolysis.

L4

L5

Figure 1-6 Lateral radiograph of a spon-
dylolysis with spondylolisthesis.

H. Spondylolisthesis  (Figure 1-6) (Greek: “spondylo” 
= vertebra; “olisthesis” = to slide on an incline) is the ante-
rior subluxation of the vertebral body so that the body of the 
vertebra moves anterior with respect to the vertebrae below 
it, causing a lordosis. This occurs when the pedicles of a 
lumbar vertebra degenerate or fail to develop properly, or as 
a sequela of spondylolysis. Consequently, this may result in 
a degenerative spondylolisthesis, which usually occurs 
at L4-L5 vertebral level, or a congenital spondylolisthesis, 
which usually occurs at L5-S1 vertebral level. The lateral 
radiograph shows spondylolysis at L5 (small arrows) with a 
spondylolisthesis where L5 vertebra is subluxed anteriorly 
with respect to S1.

Figure 1-7 Lateral radiograph of a trau-
matic spondylolisthesis.

I. Hangman Fracture (Traumatic Spondylo-
listhesis of C2)  (Figure 1-7) occurs when a force is 
applied with the neck hyperextended (e.g., extension compo-
nent of whiplash, car accident when chin or forehead strikes 
dashboard, head-on collision in football, or hanging) and 
places the spinal cord at risk. A traumatic spondylolisthesis 
of C2 includes the following pathology: Fracture of the pars 
interarticularis bilaterally of the C2 vertebra, anterior sublux-
ation of the C2 vertebra, tear of the anterior longitudinal liga-
ment, and posterior fractured portion of C2 remains attached 
to C3 (in a legal drop hanging). The lateral radiograph shows 
a traumatic spondylolisthesis. Note the fracture of the pars 
interarticularis of C2 vertebra (solid arrow) and the anterior 
subluxation of C2 vertebra with respect to C3 vertebra (open 
arrow).
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J. Spondylosis (Figure 1-8) is a very common degen-
erative process of the vertebral column that occurs in 
the cervical region of elderly patients. The extent of 
degeneration may range from mild disc space narrowing 
and bone spur formation to severe spondylosis defor-
mans (which includes disc space narrowing, facet joint 
narrowing, and bone spur formation). The lateral radio-
graph shows narrowing of all the disc spaces below C4, 
resulting in a severe cervical spondylosis. The bone 
spurs encroach the vertebral canal, and the disc level 
and sclerosis of the facet joints are apparent.

C7

C6

C4

Figure 1-9 Lateral radiograph of a teardrop 
hyperflexion injury.

C4

Figure 1-8 Lateral radiograph of a severe cer-
vical spondylosis.

K. Teardrop Fracture  (Figure 1-9) is caused by 
hyperflexion of the cervical region (e.g., diving into 
shallow water, rebound flexion component of whiplash 
from a rear-end car accident, head-on collision in foot-
ball) and places the spinal cord at risk. A triangular frag-
ment (“teardrop body”) is sheared off of the anterior–
inferior corner of the dislocating vertebral body. The 
result is a complete disruption of the cervical spine, with 
the upper portion of the vertebra displaced posteriorly 
and angulated anteriorly. A teardrop fracture includes 
the following pathology: Avulsion fracture of a cervical 
vertebral body (“teardrop body”), fracture of the spinous 
process, posterior subluxation of vertebrae, compression 
of the spinal cord, tear of the anterior longitudinal liga-
ment and tear/disruption of the posterior longitudinal 
ligament, LF, (IS) ligament, and supraspinous (SS) liga-
ment. The lateral radiograph shows a fracture of the C5 
vertebral body (“teardrop body”; arrow and dotted line) 
and the posterior subluxation of the C5 vertebra.
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L. Jefferson Fracture  (Figure 1-10) is caused by 
compression of the cervical region (e.g., force applied 
to top of the head) and places the spinal cord at risk. A 
Jefferson fracture includes the following pathology: Frac-
ture of the C1 vertebra at multiple sites, lateral displace-
ment or C1 vertebra beyond the margins of C2 verte-
bra, and tear of the transverse ligament. The computed 
tomography (CT) scan shows a fracture of the C1 verte-
bra at multiple sites (arrows). D: dens

D

Figure 1-10 CT scan of a Jefferson fracture.

C6

C5

C6

C5

Figure 1-11 Lateral radiograph of a hyperex-
tension (whiplash) injury.

M. Hyperextension (Whiplash) Injury  (Fig-
ure 1-11) is caused by hyperextension of the cer-
vical region (e.g., extension component of whiplash 
from a rear-end car accident, car accident when chin 
or forehead strikes dashboard, head-on collision in 
football). The usual whiplash injury is a strain of the 
paravertebral and neck muscles. In more severe inju-
ries, tear of the anterior longitudinal ligament, tear of 
the anterior attachment of the intervertebral disc, and 
widening of the intervertebral space may occur (bony 
fractures and dislocations are uncommon). However, 
in more violent hyperextension injuries (e.g., head-on 
collision in football), fracture of the posterior portion of 
the cervical vertebrae may occur. The lateral radiograph 
of a hyperextension injury shows the anterior widening 
of the intervertebral space at C5-C6 (arrow).

L2

L4

Figure 1-12 Lateral radiograph of a Chance 
fracture.

N. Chance Fracture  (Figure 1-12) is caused by 
hyperflexion of the thoracic or lumbar region (e.g., 
“seat belt injury” most commonly at vertebral level L2 
or L3 when car occupant is thrown forward against a 
restraining seat belt during sudden deceleration and 
associated with intra-abdominal injuries) and generally 
does not place the spinal cord at risk. A Chance fracture 
includes the following pathology: Transverse fracture 
of the vertebral body and arch, rupture of the inter-
vertebral disc, and tear of the posterior longitudinal 
ligament, ligamentum flavum (LF), interspinous (IS) 
ligament, and supraspinous (SS) ligament. The lateral 
radiograph of a Chance fracture shows the compressed 
L3 vertebral body (arrowheads) due to the transverse 
fracture (arrows). Note the increased distance between 
the spinous processes due to tear of LF, IS, and SS liga-
ments (long double-headed arrow).
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VII Normal Radiology
A. Cervical Region (Figure 1-14)
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(facet) joint

Superior
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Inferior
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Transverse
process

C3

C4
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C6

C7
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D

Figure 1-14 Normal radiology of the cervical region. A lateral radiograph of the cervical region shows C1–C7 
vertebrae. Note the superior projection of the dens (D) (dotted line) and the anterior arch (AA) (dotted line) of the C1 
vertebra (atlas).

Figure 1-13 Photograph of infant with spina bifida with 
meningocele.

O. Spina Bifida (Figure 1-13) is caused when 
the bony vertebral arches fail to form properly, 
thereby creating a vertebral defect usually in 
the lumbosacral region. Spina bifida occulta is 
evidenced by a tuft of hair in the lumbosacral 
region and is the least severe variation of spina 
bifida. Spina bifida with meningocele occurs 
when the meninges protrude through a vertebral 
defect and form a sac filled with cerebrospinal 
fluid (CSF). Spina bifida with meningomyelocele 
occurs when the meninges and spinal cord both 
protrude a vertebral defect and form a sac filled 
with CSF. Spina bifida with rachischisis occurs 
when the posterior neuropore of the neural tube 
fails to close during week 4 of embryonic devel-
opment, and is the most severe variation of spina 
bifida. The photograph shows spina bifida with 
meningocele located in the lumbosacral region.
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B. Thoracic Region (Figure 1-15)
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Figure 1-15 Normal radiology of the thoracic region. An anteroposterior radiograph of the thoracic region shows 
T2–T12 vertebrae.
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C. Lumbosacral Region (Figure 1-16)
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Figure 1-16 Normal radiology of the lumbosacral region. A: Lateral radiograph of the lumbosacral region. 
B: Oblique radiograph of the lumbosacral region (“Scottie dog” projection). The anatomical structures of lumbar vertebrae 
portray a “Scottie dog” appearance in an oblique view. The ears of the Scottie dog are the superior articular processes. The 
legs of the Scottie dog are the inferior articular processes. The nose of the Scottie dog is the transverse process. The neck of 
the Scottie dog is the pars interarticularis. The eye of the Scottie dog is the pedicle.



Vertebral Column 13

Case Study
A 35-year-old construction worker experienced a pain in his lower back while trying to move a beam from 
one side of the construction site to another site. The man comes into your office and tells you that the pain 
was “sudden” and “sharp” and that “over the last several days the pain has begun to move from my lower 
back down to my right leg.” After further questioning, he tells you that “there is some numbness and tingling 
in my right leg, foot, and little toe.” A little later in the conversation, he tells you that “when I cough, it really 
hurts bad.” What is the most likely diagnosis?

Relevant Physical Examination Findings
 ● Analgesic gait

 ● Uncomfortable as he sits

 ● Pain upon raising his right extended leg

 ● Weakness in plantar flexion of his right foot (“cannot stand on his toes”)

 ● Loss of sensation over the dorsal side of the right fourth and fifth toes

 ● Reduced ankle jerk reflex

 ● The SLR (straight leg raise) test exacerbates right lower limb pain at 45 degrees elevation and the crossed 
SLR test exacerbates the pain at 40 degrees elevation

 ● Pain restricts active flexion of the lumbosacral spine to 20 degrees

 ● Palpation of the lower back shows a flattening of the normal lordosis

Relevant Laboratory Findings

 ● Complete blood count (CBC), urinalysis, and urine culture are negative which rules out deep organ etiol-
ogy (e.g., cancer metastasis)

 ● An MRI was ordered

Diagnosis
Herniated Disc at L5-S1 Compressing the Right Spinal Nerve Root at S1

 ● The patient has weakness in plantar flexion of his right foot and loss of sensation over the dorsal side of 
the right fourth and fifth toes because there is compression of the tibial nerve (L4-S3 rami). The tibial 
nerve is motor to the posterior compartment muscles of the thigh (except for the short head of biceps 
femoris), leg, and the sole of the foot.

 ○ The muscles that produce plantar flexion of the foot are posterior compartment muscles of the leg 
(i.e., gastrocnemius, soleus, and plantaris). When the tibial nerve is compressed, weakness of plantar 
flexion occurs.

 ○ The medial sural cutaneous nerve (a branch of the tibial nerve) is usually joined by the sural 
communicating branch of the common fibular nerve to form the sural nerve. The sural nerve 
supplies the skin of the lateral and posterior part of the inferior one-third of the leg and the lateral side 
of the foot.

 ● ∼95% of lumbar disc protrusions occur at either L4/L5 or L5/S1 levels.

 ● Protrusions of the nucleus pulposus usually occur posterolaterally. This is because of the following.

 ○ The nucleus pulposus is pushed further posteriorly during flexion.

 ○ The anulus fibrosus is weaker posteriorly and laterally.

 ○ The posterior longitudinal ligament does not completely support the discs. 
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C H A P T E R  2

Spinal Cord and  
Spinal Nerves

I Components of the Spinal Cord (Figure 2-1)

A. Gray Matter of the spinal cord consists mainly of neuronal cell bodies and is divided into the dor-
sal horn, ventral horn, and lateral horn.

B. White Matter of the spinal cord consists mainly of neuronal fibers and is divided into the dorsal 
funiculus, ventral funiculus, and lateral funiculus.

C. Ventral Median Fissure is a distinct surface indentation present at all spinal cord levels and is 
related to the anterior spinal artery.

D. Dorsal Median Fissure is a less distinct surface indentation present at all spinal cord levels.

E. Dorsal Intermediate Septum  is a surface indentation present only at and above T6 that 
distinguishes ascending fibers within the gracile fasciculus (from the lower extremity) from ascending 
fibers within the cuneate fasciculus (from the upper extremity).

F. Conus Medullaris is the end of the spinal cord, which occurs at vertebral level L1 in the adult
and vertebral level L3 in the newborn.

G. Cauda Equina consists of the dorsal and ventral nerve roots of L2 through coccygeal 1 spinal nerves 
traveling in the subarachnoid space below the conus medullaris.

H. Filum Terminale is a prolongation of the pia mater from the conus medullaris to the end of the 
dural sac at vertebral level S2 where it blends with the dura. The dura continues caudally as the filum 
of the dura mater (or coccygeal ligament), which attaches to the dorsum of the coccyx bone.

II Meninges and Spaces (Figure 2-1)

A. Epidural Space is a potential space located between the vertebra and dura mater. This space con-
tains fat and the internal vertebral venous plexus.

B. Dura Mater is the tough, outermost layer of the meninges.

C. Subdural Space is a potential space located between the dura mater and arachnoid.

D. Arachnoid is a thin, cellular layer that consists of arachnoid barrier cells connected by tight junc-
tions. In addition, various-shaped fibroblasts in close contact with collagen fibers bridge the subarach-
noid space forming the spider-like arachnoid trabeculae.
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Figure 2-1 Spinal cord anatomy.  A: A diagram of the spinal cord, spinal nerves, and meninges. B: A diagram indicat-
ing craniocaudal extent of the spinal cord and meninges.
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E. Subarachnoid Space is located between the arachnoid and pia mater and contains cerebrospi-
nal fluid (CSF), arachnoid trabeculae, and cerebral arteries and veins.

F. Pia Mater is a thin layer that is closely applied to the spinal cord and has lateral extensions called 
denticulate ligaments, which attach to the dura mater and thereby suspend the spinal cord within the 
dural sac.

III Arterial Supply of the Spinal Cord
A. Anterior Spinal Artery and Posterior Spinal Arteries

 ● There is only one anterior spinal artery, which arises from the vertebral arteries and runs in the 
anterior median fissure. The anterior spinal artery gives rise to sulcal arteries, which supply the 
ventral two-thirds of the spinal cord.

 ● There are two posterior spinal arteries, which arise from either the vertebral arteries or the posterior 
inferior cerebellar arteries. The posterior spinal arteries supply the dorsal one-third of the spinal cord.

 ● The anterior and posterior spinal arteries supply only the short superior part of the spinal cord. The 
circulation of the rest of the spinal cord depends on the segmental medullary arteries and radicu-
lar arteries.

B. Anterior and Posterior Medullary Segmental Arteries
 ● These arteries arise from the spinal branches of the ascending cervical, deep cervical, vertebral, pos-

terior intercostal, and lumbar arteries.
 ● The anterior and posterior medullary segmental arteries occur irregularly in place of radicular arteries 

and are located mainly in the cervical and lumbosacral spinal enlargements.
 ● The medullary segmental arteries are actually “large radicular arteries” that connect with the anterior 

and posterior spinal arteries, whereas the radicular arteries do not.

C. Great Anterior Segmental Medullary Artery (of Adamkiewicz)
 ● This artery generally arises on the left side from a posterior intercostal artery or a lumbar artery and enters 

the vertebral canal through the intervertebral foramen at the lower thoracic or upper lumbar level.
 ● This artery is clinically important since it makes a major contribution to the anterior spinal artery and 

the lower part of the spinal cord.
 ● If this artery is ligated during resection of an abdominal aortic aneurysm, anterior spinal artery 

syndrome may result. Clinical symptoms include paraplegia, impotence, loss of voluntary control of 
the bladder and bowel (incontinence), and loss of pain and temperature, but vibration and proprio-
ception sensation are preserved.

D. Anterior and Posterior Radicular Arteries
 ● These arteries are small and supply only the dorsal and ventral roots of spinal nerves and superficial 

parts of the gray matter.

IV Components of a Spinal Nerve (Figure 2-2)

 ● There are 31 pairs of spinal nerves: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 1 coccygeal.
 ● Small bundles of nerve fibers called the dorsal (posterior) rootlets and ventral (anterior) root-

lets arise from the dorsal and ventral surfaces of the spinal cord, respectively.

Figure 2-2 A: Basic organization of the spinal nerves. Note that each spinal nerve bears the same letter—numeri-
cal designation as the vertebra forming the superior boundary of its exit from the vertebral column, except in the cervical 
region. In the cervical region, each spinal nerve bears the same letter—numerical designation as the vertebra forming the 
inferior boundary of its exit from the vertebral column. Note that spinal nerve C8 exits between vertebrae C7 and T1. 
B: Functional components of a typical thoracic spinal nerve. DRG, dorsal root ganglion; DPR, dorsal primary ramus; 
VPR, ventral primary ramus; WR, white communicating ramus; GR, gray communicating ramus; PARA, paravertebral 
(sympathetic chain) ganglion; PRE, prevertebral ganglion; SpN, splanchnic nerve.
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 ● The dorsal rootlets converge to form the dorsal (posterior) root (containing afferent or sensory 
fibers) and the ventral rootlets converge to form the ventral (anterior) root (containing efferent or 
motor fibers).

 ● The dorsal root and ventral root join to form the mixed spinal nerve near the intervertebral foramen.
 ● Each spinal nerve divides into a dorsal (posterior) primary ramus (which innervates the skin and 

deep muscles of the back) and ventral (anterior) primary ramus (which innervates the remainder 
of the body).

 ● Spinal nerves are connected to the paravertebral ganglia (sympathetic chain ganglia) and preverte-
bral ganglia by the white communicating rami (containing myelinated preganglionic sympathetic 
nerve fibers present in spinal nerves T1-L3) and gray communicating rami (containing unmyelin-
ated postganglionic sympathetic nerve fibers present in all spinal nerves).

 ● The four functional components of a spinal nerve include general somatic afferent (GSA), general 
somatic efferent (GSE), general visceral afferent (GVA), and general visceral efferent (GVE).

 ● The muscle stretch (myotatic) reflex includes the neuromuscular spindle, GSA dorsal root ganglion 
cell, GSE ventral horn gamma motor neuron, and the neuromuscular junction.

V Dermatomes (Figure 2-3) are strips of skin extending from the posterior midline to 
the anterior midline which are supplied by sensory branches of dorsal and ventral rami of a single 
spinal nerve. A clinical finding of sensory deficit in a dermatome is important in order to assess 
what spinal nerve, nerve root, or spinal cord segment may be damaged.

VI Clinical Procedures (Figure 2-4A, B)

A. Lumbar Puncture
 ● Lumbar puncture can be done to either withdraw CSF or inject an anesthetic (e.g., spinal anesthesia).
 ● A needle is inserted above or below the spinous process of the L4 vertebra.
 ● The needle will pass through the following structures: Skin → superficial fascia → supraspinous 

ligament → interspinous ligament → ligamentum flavum → epidural space containing the internal 
vertebral venous plexus → dura mater → arachnoid → subarachnoid space containing CSF. The pia 
mater is not pierced.

B. Spinal Anesthesia (Spinal Block or Saddle Block)
 ● Spinal anesthesia is produced by injecting anesthetic into the subarachnoid space and may be used 

during childbirth producing anesthesia from the waist down. Spinal anesthesia produces anesthesia 
of the perineum, pelvic floor, and birth canal along WITH the elimination of the sensation of uterine 
contractions and loss of motor and sensory functions of the lower limbs.

 ● Sensory nerve fibers for pain from the uterus travel with the following.
 ○ Pelvic splanchnic nerves (parasympathetic) to S2 to S4 spinal levels from the cervix (may be 

responsible for referred pain to the gluteal region and legs)
 ○ Hypogastric plexus and lumbar splanchnic nerves (sympathetic) to L1 to L3 spinal levels from 

the fundus and body of the uterus and oviducts (may be responsible for referred pain to the back)
 ● Spinal anesthesia up to spinal nerve T10 is necessary to block pain for vaginal childbirth and up to 

spinal nerve T4 for cesarean section.
 ● Pregnant women require a smaller dose of anesthetic (than nonpregnant patients) because the sub-

arachnoid space is compressed because the internal vertebral venous plexus is engorged with 
blood from the pregnant uterus compressing the inferior vena cava.

 ● Complications may include hypotension due to sympathetic blockade and vasodilation, respira-
tory paralysis involving the phrenic nerve due to high spinal blockade, and spinal headache due 
to CSF leakage.

C. Lumbar Epidural Anesthesia
 ● Lumbar epidural anesthesia is produced by injecting anesthetic into the epidural space above or 

below the spinous process of the L4 vertebra.
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Figure 2-3 Anterior and posterior views of the dermatomes. Although dermatomes are shown as distinct seg-
ments, in reality, there is overlap between any two adjacent dermatomes. The sensory innervation of the face does not 
involve dermatomes but instead is carried by cranial nerve (CN) V; V1 (ophthalmic division), V2 (maxillary division), and 
V3 (mandibular division). Shaded areas in the table indicate dermatomes affected by a herniated disk (see Chapter 1).

Structure  Dermatome
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Figure 2-4 Lumbar and sacral vertebral column and spinal cord. A: A needle is shown inserted into the sub-
arachnoid space above the spinous process of L4 (L3-L4 interspace) to withdraw cerebrospinal fluid (CSF) as in a lumbar 
puncture or to administer spinal anesthesia (saddle block). A second needle is shown inserted into the epidural space 
below the spinous process of L4 (L4-L5 interspace) to administer lumbar epidural anesthesia. Note the sequence of layers 
(superficial to deep) that the needle must penetrate. Inset: Photograph shows a physician inserting a needle during a 
lumbar puncture procedure. B: A series of needles are shown inserted into the epidural space either through the sacral 
hiatus into the sacral canal or through the posterior sacral foramina at various levels. Co, coccyx.
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 ● Lumbar epidural anesthesia (a popular choice for participatory childbirth) is also produced by inject-
ing anesthetic into the epidural space of the sacral canal either through the sacral hiatus (caudal) or 
the posterior sacral foramina (trans-sacral). The anesthetic will act upon S2-coccygeal 1 spinal nerves 
of the cauda equina producing anesthesia of the perineum, pelvic floor, and birth canal WITHOUT 
the elimination of the sensation of uterine contractions and loss of motor and sensory functions of 
the lower limbs.

 ● Complications may include respiratory paralysis due to high spinal blockage if the dura and arach-
noid are punctured and the usual amount of anesthetic is injected in the subarachnoid space by 
mistake, and central nervous system (CNS) toxicity (slurred speech, tinnitus, convulsions, cardiac 
arrest) due to injection of the anesthetic into the internal vertebral venous plexus (i.e., intrave-
nous injection vs. epidural application).

VII Clinical Considerations
A. Anterior Spinal Artery Occlusion  results in damage to the lateral corticospinal tracts, 

lateral spinothalamic tracts, hypothalamospinal tracts, ventral gray horns, and corticospinal tracts to 
sacral parasympathetic centers at S2 to S4 spinal levels. Clinical findings include bilateral spastic pare-
sis with pyramidal signs below the lesion, bilateral loss of pain and temperature sensation below the 
lesion, bilateral Horner syndrome, bilateral flaccid paralysis, and loss of voluntary bladder and bowel 
control.

B. Syringomyelia is a central cavitation of the cervical spinal cord of unknown etiology and results in 
damage to ventral white commissure involving the decussating lateral spinothalamic axons and ventral 
gray horns. Clinical findings include bilateral loss of pain and temperature sensation and flaccid paraly-
sis of the intrinsic muscles of the hand.

C. Spinal Cord Injury (SCI)
1. Complete SCI (Transection of Spinal Cord) results in loss of sensation and motor function 

below the lesion. There are two types of complete SCI.
a. Paraplegia (i.e., paralysis of lower limbs) occurs if the transection occurs anywhere between 

the cervical and lumbar enlargements of the spinal cord.
b. Quadriplegia (i.e., paralysis of all four limbs) occurs if the transection occurs above C3. These 

individuals may die quickly due to respiratory failure if the phrenic nerve is compromised.

 2. Incomplete SCI can be ameliorated somewhat by rapid surgical intervention. There are three 
situations that may lead to an incomplete SCI: A concussive blow, anterior spinal artery occlusion, 
or a penetrating blow (e.g., Brown-Sequard syndrome).

 3. Complications of any SCI include hypotension in the acute setting, ileus (bowel obstruction due 
to lack of motility), renal stones, pyelonephritis, renal failure, and deep venous thrombosis. Methyl-
prednisolone may be of benefit if administered within 8 hours of injury.

D. Chordomas  are malignant, midline, lobulated, mucoid tumors that arise from remnants of the 
embryonic notochord and usually occur in the sacral (most common site) or clival region. Chordomas 
have histologic features, which include physaliphorous (bubble-bearing) cells with mucoid droplets in 
the cytoplasm.
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Figure 2-6 MRI of a meningioma.

Figure 2-5 MRI of an astrocytoma.

E. Astrocytomas  (Figure 2-5) (account for 70% of 
all neuroglial tumors) typically arise from astrocytes and 
are composed of cells with elongated or irregular, hyper-
chromatic nuclei and an eosinophilic glial fibrillary acidic 
protein (GFAP)-positive cytoplasm. Glioblastoma multi-
forme (GBM) is the most common primary brain tumor 
in adults (men 40 to 70 years of age), are highly malignant, 
and pursue a rapidly fatal course. A common site of GBMs 
is the frontal lobe, which commonly crosses the corpus 
callosum, producing a butterfly appearance on magnetic 
resonance imaging (MRI). The MRI shows an astrocytoma 
which is an excellent example of an intramedullary (within 
the spinal cord) tumor. Note that the astrocytoma (arrows) 
within the substance of the spinal cord has a cystic appear-
ance.

F. Meningiomas  (Figure 2-6) (90% are benign) arise 
from arachnoid cap cells of the arachnoid villi of the menin-
ges and are found at the skull vault, sites of dural reflection 
(e.g., falx cerebri, tentorium cerebelli), optic nerve sheath, 
and choroid plexus. Meningiomas occur more commonly 
in women, may increase in size during pregnancy, have an 
increased incidence in women taking postmenopausal hor-
mones, and are associated with breast cancer, all of which 
suggest a potential involvement of steroid hormones. The 
MRI shows a meningioma that is an excellent example of an 
intradural (within the meninges) tumor. Note the menin-
gioma (arrow) outside of the spinal cord causing some com-
pression of the spinal cord.
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G. Schwannomas (Figure 2-7) are benign, well-circum-
scribed, encapsulated tumors that arise from Schwann cells 
located on cranial nerves, spinal nerve roots (present as a 
dumbbell-shaped tumors protruding through the interver-
tebral foramen), or spinal nerves. The most common intra-
cranial site is the cerebellopontine angle with involvement 
of cranial nerve VIII (acoustic neuroma), where expansion 
of the tumor results in tinnitus and sensorineural deafness. 
Multiple schwannomas may occur associated with neurofi-
bromatosis type II. The MRI shows a schwannoma protrud-
ing through the intervertebral foramen (arrow) which is a 
clear characteristic of a schwannoma (or neurofibroma).

Figure 2-7 MRI of a schwannoma. 
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Autonomic Nervous 
System

C H A P T E R  3

I General Features of the Nervous System
 ● The nervous system can be anatomically divided into the central nervous system (CNS) which 

consists of the brain and spinal cord, and the peripheral nervous system (PNS) which consists of 
12 pairs of cranial nerves and 31 pairs of spinal nerves along with their associated ganglia.

 ● The nervous system can also be functionally divided into the somatic nervous system, which controls 
voluntary activities by innervating skeletal muscle, and the visceral (or autonomic) nervous system, 
which controls involuntary activities by innervating smooth muscle, cardiac muscle, and glands.

 ● The autonomic nervous system (ANS) is divided into the sympathetic (thoracolumbar) division 
and the parasympathetic (craniosacral) division.

 ● The hypothalamus has central control of the ANS, whereby the hypothalamus coordinates all ANS 
actions.

 ● The ANS has a visceromotor component and a viscerosensory component (although tradition-
ally only the visceromotor component has been emphasized).

 II Sympathetic Division of the ANS (Thoracolumbar)
A. Visceromotor Component (Figure 3-1)

 ● The visceromotor component of the sympathetic nervous system has a “fight-or-flight” or catabolic 
function that is necessary in emergency situations where the body needs a sudden burst of energy. 
The whole visceromotor component of the sympathetic nervous system tends to “go off at once” in an 
emergency situation.

 ● In a controlled environment, the sympathetic nervous system is not necessary for life but is essential 
for any stressful situation.

 ● The visceromotor component of the sympathetic nervous system is a two-neuron chain that consists 
of a preganglionic sympathetic neuron and a postganglionic sympathetic neuron that follows 
this general pattern: CNS → short preganglionic neuron → ganglion → long postganglionic neuron → 
smooth muscle, cardiac muscle, and glands.

1. Preganglionic Sympathetic Neuron. The preganglionic neuronal cell bodies are located in 
the gray matter of the T1-L2/L3 spinal cord (i.e., intermediolateral cell column). Pregangli-
onic axons have a number of fates as follows.

 ○ Preganglionic axons enter the paravertebral chain ganglia through white communicating 
rami, where they synapse with postganglionic neurons at that level.

 ○ Preganglionic axons travel up or down the paravertebral chain ganglia, where they synapse 
with postganglionic neurons at upper or lower levels, respectively.

 ○ Preganglionic axons pass through the paravertebral chain ganglia (i.e., no synapse) as thoracic 
splanchnic nerves (greater, lesser, and least), lumbar splanchnic nerves (L1 to L4), and 
sacral splanchnic nerves (L5 and S1 to S3) which synapse with postganglionic neurons in 
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prevertebral ganglia (i.e., celiac ganglion, aorticorenal ganglion, superior mesenteric ganglion, 
inferior mesenteric ganglion) as well as in the superior hypogastric plexus and inferior 
hypogastric plexus.

 ○ Preganglionic axons pass through the paravertebral chain ganglia (i.e., no synapse) as tho-
racic splanchnic nerves, which synapse with modified postganglionic sympathetic neurons 
in the adrenal medulla called chromaffin cells.

2. Postganglionic Sympathetic Neuron. The postganglionic neuronal cell bodies are located 
in the paravertebral chain ganglia and the prevertebral ganglia. Postganglionic sympa-
thetic neurons use norepinephrine as a neurotransmitter (except for those innervating eccrine 
sweat glands, which use acetylcholine), which binds to α1-, α2-, β1-, β2-, and β3-adrenergic 
receptors located on the cell membrane of smooth muscle, nodal tissue/cardiac muscle, 
and glands. Postganglionic axons have a number of fates as follows.

 ○ Postganglionic axons leave the paravertebral chain ganglia through gray communicating 
rami and join all 31 pairs of spinal nerves to innervate smooth muscle of blood vessels, 
arrector pili smooth muscle of hair follicles, and sweat glands of the skin.

 ○ Postganglionic axons leave the superior cervical ganglion (SCG) of the prevertebral chain 
ganglia and follow the carotid arterial system into the head and neck to innervate smooth 
muscle of blood vessels, the dilator pupillae muscle, the superior tarsal muscle, 
the lacrimal gland, the submandibular gland, the sublingual gland, and the parotid 
gland.

 ○ Postganglionic axons leave the paravertebral chain ganglia (from the SCG → T4 levels) to 
enter the cardiac nerve plexus and pulmonary nerve plexus to innervate the heart and 
lung, respectively.

 ○ Postganglionic axons leave prevertebral ganglia and the superior and inferior hypogastric 
plexuses to innervate smooth muscle of various visceral organs.

 ○ Modified postganglionic sympathetic neurons called chromaffin cells within the adre-
nal medulla release epinephrine (the majority product; 90%) and norepinephrine (the 
minority product; 10%) into the bloodstream, both of which are potent sympathetic 
neurotransmitters.

B. Viscerosensory Component (Figure 3-2)
 ● The viscerosensory component of the sympathetic nervous system carries visceral pain sensation 

from nociceptors located in viscera to the CNS.
 ● Nociceptors are free nerve endings that respond to pathologic stimuli such as myocardial infarction, 

appendicitis, and gastrointestinal cramping or bloating.
 ● Visceral pain sensation is carried almost exclusively by the viscerosensory component of the sympa-

thetic nervous system.
 ● Visceral pain sensation is poorly localized because nociceptor density is low, nociceptor fields are 

large, and its projection to higher CNS levels is widespread.
 ● The viscerosensory component of the sympathetic nervous system has the following neuronal chain.

 ○ The first neuron in the chain has its neuronal cell body located in the dorsal root ganglia at 
T1-L2/L3 spinal cord levels. This neuron sends a peripheral process to the viscera that ends as a 
free nerve ending (or nociceptor) and sends a central process into the spinal cord, which synapses 
with a second neuron within the spinal cord.

 ○ The second neuron in the chain (within the spinal cord) projects axons to the ventral postero-
lateral nucleus of the thalamus (VPL) and the reticular formation, where they synapse with 
a third neuron.

 ○ The third neuron in the chain (within the VPL and the reticular formation) projects axons to diverse 
areas of the cerebral cortex, hypothalamus, and intralaminar nuclei of the thalamus.
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III Parasympathetic Division of the ANS (Craniosacral)
A. Visceromotor Component (Figure 3-3)

 ● The visceromotor component of the parasympathetic nervous system has a “rest and digest” or 
anabolic function that is necessary to conserve energy, restore body resources, and get rid of waste. 
The whole visceromotor component of the parasympathetic nervous system does not “go off at once”; 
instead, specific activities are initiated when appropriate.

 ● The visceromotor component of the parasympathetic nervous system is a two-neuron chain that 
consists of a preganglionic parasympathetic neuron and a postganglionic parasympathetic 
neuron that follows this general pattern: CNS → long preganglionic neuron → ganglion → short 
postganglionic neuron → smooth muscle, cardiac muscle, and glands.

1. Preganglionic Parasympathetic Neuron. The preganglionic neuronal cell bodies are 
located in the Edinger-Westphal nucleus, lacrimal nucleus, superior salivatory nucleus, 
inferior salivatory nucleus, dorsal motor nucleus of the vagus nerve, and gray matter 
of the S2 to S4 spinal cord. Preganglionic axons have a number of fates as follows.

 ○ Preganglionic axons from the Edinger-Westphal nucleus run with cranial nerve (CN) III and 
enter the ciliary ganglia, where they synapse with postganglionic neurons.

 ○ Preganglionic axons from the lacrimal nucleus run with CN VII and enter the pterygopala-
tine ganglion, where they synapse with postganglionic neurons.

 ○ Preganglionic axons from the superior salivatory nucleus run with CN VII and enter the sub-
mandibular ganglion, where they synapse with postganglionic neurons.

 ○ Preganglionic axons from the inferior salivatory nucleus run with CN IX and enter the otic 
ganglion, where they synapse with postganglionic neurons.

 ○ Preganglionic axons from the dorsal motor nucleus of the vagus nerve run with CN X and 
travel to various visceral organs (up to the splenic flexure of the transverse colon),
where they synapse with postganglionic neurons.

 ○ Preganglionic axons from the gray matter of the S2 to S4 spinal cord run as pelvic splanch-
nic nerves, which interact with the inferior hypogastric plexus and travel to various vis-
ceral organs (distal to the splenic flexure of the transverse colon), where they synapse 
with postganglionic neurons.

2. Postganglionic Parasympathetic Neuron. The postganglionic neuronal cell bodies are 
located in the ciliary ganglion, pterygopalatine ganglion, submandibular ganglion, and 
otic ganglion, and within various visceral organs. Postganglionic parasympathetic neurons 
use acetylcholine as a neurotransmitter, which binds to M1, M2, and M3 muscarinic acetyl-
choline receptors located on the cell membrane of smooth muscle, nodal tissue/cardiac 
muscle, and glands. Postganglionic axons have a number of fates as follows.

 ○ Postganglionic axons leave the ciliary ganglion to innervate the sphincter pupillae muscle
and ciliary muscle.

 ○ Postganglionic axons leave the pterygopalatine ganglion to innervate the lacrimal glands
and nasal glands.

 ○ Postganglionic axons leave the submandibular ganglion to innervate the submandibular 
glands and sublingual glands.

 ○ Postganglionic axons leave the otic ganglion to innervate the parotid gland.
 ○ Postganglionic axons associated with CN X innervate various visceral organs.
 ○ Postganglionic axons associated with the pelvic splanchnic nerves innervate various vis-

ceral organs.
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B. Viscerosensory Component (Figure 3-4)
 ● The viscerosensory component of the parasympathetic nervous system carries the following:

 ○ Arterial oxygen tension (PaO2) and arterial pH information from chemoreceptors (i.e., 
carotid bodies located at the bifurcation of the common carotid artery and aortic bodies located 
in the aortic arch)

 ○ Blood pressure information from baroreceptors (i.e., carotid sinus located in the walls of the 
common carotid artery and baroreceptors located in the great veins, atria, and aortic arch)

 ○ Visceral pressure and movement sensation from rapidly adapting mechanoreceptors
 ○ Visceral stretch sensation from slowly adapting mechanoreceptors
 ○ Osmolarity information from osmoreceptors
 ○ Temperature from internal thermal receptors

 ● The viscerosensory component of the parasympathetic nervous system follows this neuronal chain.
 ○ The first neuron in the chain has its neuronal cell body located in the geniculate ganglion of CN 

VII, inferior (petrosal) ganglion of CN IX, inferior (nodose) ganglion of CN X, and dorsal root gan-
glia of the S2 to S4 spinal cord. This neuron sends a peripheral process to the viscera that ends at 
the chemoreceptors, baroreceptors, rapidly adapting mechanoreceptors, slowly adapting mecha-
noreceptors, osmoreceptors, and internal thermal receptors. These neurons also send a central 
process into the brainstem or spinal cord, which synapses with a second neuron either in the soli-
tary nucleus, dorsal horn of the spinal cord, or gray matter of the S2 to S4 spinal cord.

 ○ The second neuron in the chain (in the solitary nucleus) projects axons to the dorsal motor 
nucleus of the vagus nerve (DMN) and the rostral ventrolateral medulla (RVLM), where 
they synapse with a third neuron. The second neuron in the chain (in the dorsal horn of the spinal 
cord) projects axons to the anterolateral system (ALS) and the spinoreticular tract, which 
terminate in the reticular formation. The second neuron in the chain (in the gray matter of the 
S2 to S4 spinal cord) is actually a preganglionic parasympathetic motor neuron of a pelvic 
splanchnic nerve (forming a sensory–motor reflex arc).

 ○ The third neuron in the chain (in the DMN) is actually a preganglionic parasympathetic 
motor neuron of CN X (forming a sensory–motor reflex arc). The third neuron in the chain (in 
the RVLM) projects axons to the intermediolateral cell column of the spinal and thereby con-
trols the activity of preganglionic sympathetic  motor neurons (forming a sensory–motor reflex arc).
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IV Summary Table of Sympathetic and Parasympathetic 
Motor Actions (Table 3-1)

Table 3-1:  Summary Table of Sympathetic and Parasympathetic 
Visceromotor Actions

Specific Sympathetic Visceromotor Actions

Smooth Muscle
Contracts dilator pupillae muscle causing dilation of pupil (mydriasis)
Contracts arrector pili muscle in skin
Contracts smooth muscle in skin, skeletal muscle, and visceral blood vessels
Relaxes smooth muscle in skeletal muscle blood vessels
Relaxes bronchial smooth muscle in lung (bronchodilation)
Relaxes smooth muscle in GI tract wall
Contracts smooth muscle in GI tract sphincters
Relaxes smooth muscle in urinary bladder
Contracts smooth muscle in urinary tract sphincter
Contracts smooth muscle of ductus deferens causing ejaculation (emission); “shoot”
Female reproductive tracta

Nodal Tissue/Cardiac Muscle
Accelerates SA node (increases heart rate); positive chronotropism
Increases conduction velocity through the AV node; positive dromotropism
Increases contractility of cardiac muscle (atrial and ventricular myocytes); positive inotropism

Glands
Increases viscous secretion from salivary glands
Increases eccrine sweat gland secretion (thermoregulation)
Increases apocrine sweat gland secretion (stress)
Stimulates seminal vesicle and prostate secretion during ejaculation (emission)

Other
Stimulates gluconeogenesis and glycogenolysis in hepatocytes (hyperglycemia)
Stimulates lipolysis in adipocytes
Stimulates renin secretion from JG cells in kidney (increases blood pressure)
Inhibits insulin secretion from pancreatic beta cells (hyperglycemia)

Specific Parasympathetic Visceromotor Actions

Smooth Muscle
Contracts sphincter pupillae muscle causing constriction of pupil (miosis)
Contracts ciliary muscle causing accommodation for near vision
Contracts bronchial smooth muscle in lung (bronchoconstriction)
Contracts smooth muscle in GI tract wall
Relaxes smooth muscle in GI tract sphincters
Contracts smooth muscle in urinary bladder
Relaxes smooth muscle in urinary tract sphincter
Relaxes smooth muscle in penile blood vessels causing dilation (erection of penis); “point”
Female reproductive tracta

Nodal Tissue/Cardiac Muscle
Decelerates SA node (decreases heart rate; vagal arrest); negative chronotropism
Decreases conduction velocity through the AV node; negative dromotropism
Decreases contractility of cardiac muscle (atrial myocytes only); negative inotropism

Glands
Increases watery secretion from salivary glands
Increases secretion from lacrimal gland

aDespite numerous studies, specific parasympathetic actions on the female reproductive tract remain inconclusive.
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C H A P T E R  4

Lymphatic System

I Central Lymphatic Drainage (Figure 4-1)

A. General Features. The lymphatic system is a collection of vessels that function to drain extracel-
lular fluid from tissues of the body and return it to the venous system. All regions of the body possess 
lymphatic drainage except for the brain and spinal cord.
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Figure 4-1 Lymphatic system. A: Diagram of the lymphatic system. B: General body pattern of lymph drainage. 
Shaded area (red ), lymph drainage into the right lymphatic duct; unshaded area, lymph drainage into the thoracic duct. 
Arrows indicate direction of lymph flow. Solid lines (green), lymph vessels; blue, veins.
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B. Thoracic Duct
 ● The thoracic duct begins in a majority of individuals as the abdominal confluence of lymph 

trunks at the L1-2 vertebral level.
 ● The confluence of lymph trunks receives lymph from four main lymphatic trunks: The right and left 

lumbar lymph trunks and the right and left intestinal lymph trunks.
 ● In a small percentage of individuals, the abdominal confluence of lymph trunks is represented as a 

dilated sac (called the cisterna chyli).
 ● The thoracic duct traverses the aortic aperture of the diaphragm.
 ● The thoracic duct terminates at the junction of the left internal jugular vein and left subclavian vein 

(i.e., left brachiocephalic vein) at the base of the neck.
 ● The thoracic duct drains lymph from the following.

 ○ Left side of the head and neck
 ○ Left breast
 ○ Left upper limb/superficial thoracoabdominal wall
 ○ All the body below the diaphragm

 ● Along its course, the thoracic duct receives lymph from the following tributaries.
 ○ Right and left descending thoracic lymph trunks, which convey lymph from the lower inter-

costal spaces 6 to 11
 ○ Upper intercostal lymph trunks, which convey lymph from the upper intercostal spaces 1 to 5
 ○ Mediastinal lymph trunks
 ○ Left subclavian lymph trunk
 ○ Left jugular lymph trunk
 ○ Left bronchomediastinal lymph trunk

C. Right Lymphatic Duct
 ● The right lymphatic duct (a short vessel) begins with a high degree of variability as a convergence of 

the right subclavian lymph trunk, right jugular lymph trunk, and right bronchomediastinal 
lymph trunk.

 ● The right lymphatic duct terminates at the junction of the right internal jugular vein and right sub-
clavian vein (i.e., right brachiocephalic vein) at the base of the neck.

 ● The right lymphatic duct drains lymph from the following.
 ○ Right side of the head and neck
 ○ Right breast (medial and lateral quadrant)
 ○ Right upper limb/superficial thoracoabdominal wall
 ○ Right lung

II Summary Diagram of Specific Lymphatic 
Drainage (Figure 4-2)
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C H A P T E R  5

Chest Wall

I General Features of the Thorax
 ● The thorax extends from the top of the sternum to the diaphragm.
 ● The thorax is bounded by the sternum, ribs, and thoracic vertebrae.
 ● The entrance to the thorax (called the thoracic inlet) is small and kidney-shaped. The boundar-

ies of the thoracic inlet are the manubrium anteriorly, rib 1 laterally, and the thoracic vertebrae 
posteriorly.

 ● The outlet from the thorax (called the thoracic outlet) is large and is separated from the abdomen 
by the diaphragm. The boundaries of the thoracic outlet are the xiphoid process anteriorly, costal 
cartilages 7 to 10 and rib 12 laterally, and T12 vertebra posteriorly.

II Bones of the Thorax (Figure 5-1)

A. Thoracic Vertebrae
 ● There are 12 thoracic vertebrae that have facets on their bodies (costal facets) for articulation with 

the heads of ribs, facets on their transverse processes for articulation with the tubercles of rib 9 
(except for ribs 11 and 12), and long spinous processes.

B. Ribs
 ● There are 12 pairs of ribs that articulate with the thoracic vertebrae.
 ● A rib consists of a head, neck, tubercle, and body.
 ● The head articulates with the body of adjacent thoracic vertebrae and the intervertebral disc at the 

costovertebral joint.
 ● The tubercle articulates with the transverse process of a thoracic vertebra at the costotransverse 

joint.
 ● True (vertebrosternal) ribs are ribs 1 to 7, which articulate individually with the sternum by their 

costal cartilages.
 ● False (vertebrochondral) ribs are ribs 8 to 12. Ribs 8 to 10 articulate with more superior costal 

cartilage and form the anterior costal margin. Ribs 11 and 12 (often called floating ribs) articulate 
with vertebral bodies but do not articulate with the sternum.

C. Sternum consists of the following.

 ● The manubrium forms the jugular notch at its superior margin; has a clavicular notch, which 
articulates with the clavicle at the sternoclavicular joint; and articulates with the costal cartilages 
of ribs 1 and 2.

 ● The body articulates with the manubrium at the sternal angle of Louis, articulates with the costal 
cartilages of ribs 2 to 7, and articulates with the xiphoid process at the xiphosternal joint.

 ● The xiphoid process articulates with the body of the sternum and attaches to the diaphragm and 
abdominal musculature via the linea alba.
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 ● The sternal angle of Louis marks the junction between the manubrium and body of the sternum at 
vertebral level T4. This is the site where rib 2 articulates with the sternum, the aortic arch begins and 
ends, the trachea bifurcates, and the superior mediastinum ends.

III Muscles of the Thorax
A. Diaphragm

 ● The diaphragm is the most important muscle of inspiration.
 ● The diaphragm elevates the ribs and increases the vertical, transverse (“bucket handle” movement), 

and anteroposterior (“pump handle” movement) diameters of the thorax.
 ● The diaphragm is innervated by the phrenic nerves (ventral primary rami of C3 to C5), which 

provide motor and sensory innervations. Sensory innervation to the periphery of the diaphragm is 
provided by the intercostal nerves.

 ● A lesion of the phrenic nerve may result in paralysis and paradoxical movement of the dia-
phragm. The paralyzed dome of the diaphragm does not descend during inspiration and is conse-
quently forced upward due to increased abdominal pressure.
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Figure 5-1 The thoracic skeleton (anterior view). The osteocartilaginous thoracic cage includes the sternum, 
12 pairs of ribs and costal cartilages, and 12 thoracic vertebrae with their intervertebral disks. The clavicles and scapulae 
form the pectoral (shoulder) girdle. The dotted line indicates the position of the diaphragm separating the thoracic cavity 
from the abdominal cavity.
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B. Intercostal Muscles
 ● The intercostal muscles are thin multiple layers of muscle that occupy the intercostal spaces (1 to 11)

and keep the intercostal space rigid during inspiration or expiration.
 ● The external intercostal muscles elevate the ribs and play a role in inspiration during exercise or 

lung disease.
 ● The internal intercostal muscles play a role in expiration during exercise or lung disease.
 ● The innermost intercostal muscles are presumed to act with the internal intercostal muscles.
 ● The intercostal vein, artery, and nerve run between the internal intercostal muscles and inner-

most intercostal muscles. The intercostal vein, artery, and nerve travel in the costal groove on the 
inferior border of the ribs.

C. Serratus Posterior Superior Muscle

D. Serratus Posterior Inferior Muscle

E. Levator Costarum Muscle

F. Transverse Thoracic Muscle

G. Sternocleidomastoid, Pectoralis Major and Minor, and Scalene Muscles
 ● These muscles attach to the ribs and play a role in inspiration during exercise or lung disease.

H. External Oblique, Internal Oblique, Transverse Abdominal, and Rectus 
Abdominis Muscles

 ● These abdominal muscles play a role in expiration during exercise, lung disease, or the Valsalva 
maneuver.

IV Movement of the Thoracic Wall
Movement of the thoracic wall is concerned with increasing or decreasing the intrathoracic pressure. 
The act of breathing involves changes in intrathoracic pressure and is called inspiration and expiration.

A. Inspiration
 ● The inferiorly sloped ribs 1 to 6 elevate by rotating on their tubercles within the vertebral facets. 

This causes an increase in anteroposterior diameter of the thorax (the sternum is pushed forward and 
upward), which has been compared to a “pump handle” movement.

 ● The lower ribs elevate by swinging upward and laterally due to their shape and the limited move-
ment of their tubercles. This causes an increase in the lateral diameter of the thorax, which has been 
compared to a “bucket handle” movement.

B. Expiration
 ● Expiration is predominately passive and depends on the elasticity of the lungs.
 ● In contrast, forced expiration involves contraction of abdominal wall muscles, primarily the external 

oblique, internal oblique, and transverse abdominal muscles. This contraction of abdominal 
muscles pushes against the diaphragm.
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V Arteries of the Thorax
A. Internal Thoracic Artery

 ● The internal thoracic artery is a branch of the subclavian artery that descends just lateral to the 
sternum and terminates at intercostal space 6 by dividing into the superior epigastric artery and 
musculophrenic artery.

B. Anterior Intercostal Arteries
 ● The anterior intercostal arteries that supply intercostal spaces 1 to 6 are branches of the internal 

thoracic artery.
 ● The anterior intercostal arteries that supply intercostal spaces 7 to 9 are branches of the musculo-

phrenic artery.
 ● There are two anterior intercostal arteries within each intercostal space that anastomose with the 

posterior intercostal arteries.

C. Posterior Intercostal Arteries
 ● The posterior intercostal arteries that supply intercostal spaces 1 and 2 are branches of the superior 

intercostal artery that arises from the costocervical trunk of the subclavian artery.
 ● The posterior intercostal arteries that supply intercostal spaces 3 to 11 are branches of the thoracic aorta.
 ● All posterior intercostal arteries give off a posterior branch, which travels with the dorsal primary 

ramus of a spinal nerve to supply the spinal cord, vertebral column, back muscles, and skin.
 ● The posterior intercostal arteries anastomose anteriorly with the anterior intercostal arteries.

VI Veins of the Thorax
 ● Anterior intercostal veins. The anterior intercostal veins drain the anterior thorax and empty into 

the internal thoracic veins, which then empty into the brachiocephalic veins.
 ● Posterior intercostal veins. The posterior intercostal veins drain the lateral and posterior thorax 

and empty into the hemiazygos veins on the left side and the azygos vein on the right side. The 
hemiazygos veins empty into the azygos vein, which empties into the superior vena cava (SVC).

VII Nerves of the Thorax
 ● The intercostal nerves are the ventral primary rami of T1 to T11 and run in the costal groove

between the internal intercostal muscles and innermost intercostal muscles.
 ● The subcostal nerve is the ventral primary ramus of T12.
 ● Intercostal nerve injury is evidenced by a sucking in (upon inspiration) and bulging out (upon expi-

ration) of the affected intercostal space.

VIII Breast (Figure 5-2)

 ● The breast lies in the superficial fascia of the anterior chest wall overlying the pectoralis major and 
serratus anterior muscles and extends into the superior lateral quadrant of the axilla as the axil-
lary tail, where a high percentage of tumors occur.

 ● In a well-developed female, the breast extends vertically from rib 2 to rib 6 and laterally from the 
sternum to the midaxillary line.

 ● At the greatest prominence of the breast is the nipple, which is surrounded by a circular pigmented 
area of skin called the areola.

 ● The retromammary space lies between the breast and the pectoral (deep) fascia and allows free 
movement of the breast. If breast carcinoma invades the retromammary space and pectoral fascia, 
contraction of the pectoralis major may cause the whole breast to move superiorly.
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B C D
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Figure 5-2 Diagram and mammograms of the breast. A: A sagittal diagram of the breast. B: A craniocaudal (CC) 
mammogram of a normal left breast. The pectoralis major muscle (arrows) is seen. C: A CC mammogram of a benign 
mass (arrow). A benign mass has the following characteristics: Shape is round/oval, margins are well circumscribed, 
density is low–medium contrast, becomes smaller over time, and calcifications are large, smooth, and uniform. D: A 
CC mammogram of a malignant mass. A malignant mass has the following characteristics: Shape is irregular with many 
lobulations, margins are irregular or spiculated, density is medium–high, breast architecture may be distorted, becomes 
larger over time, and calcifications (not shown) are small, irregular, variable, and found within ducts (ductal casts).
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 ● Suspensory ligaments (Cooper’s) extend from the dermis of the skin to the pectoral fascia and 
provide support for the breast. If breast carcinoma invades the suspensory ligaments, the ligaments 
may shorten and cause dimpling of the skin or inversion of the nipple.

 ● Adipose tissue within the breast contributes largely to the contour and size of the breast.

A. Arterial Supply
 ● The arterial supply of the breast is from the medial mammary branches of the internal thoracic 

artery, lateral mammary branches of the lateral thoracic artery, pectoral branches of the tho-
racoacromial artery, perforating branches of the anterior intercostal arteries, and posterior 
intercostal arteries.

B. Venous Drainage
 ● The venous drainage from the breast is mainly to the axillary vein via lateral mammary veins and 

the lateral thoracic vein.
 ● Additional venous drainage from the breast is to the internal thoracic vein via medial mammary 

veins, anterior intercostal veins, and posterior intercostal veins (drain into the azygos system).
 ● Metastasis of breast carcinoma to the brain may occur by the following route: Cancer cells enter an 

intercostal vein → external vertebral venous plexuses → internal vertebral venous plexus → cranial 
dural sinuses.

C. Innervation
  The nerves of the breast are derived from anterior and lateral cutaneous branches of intercostal nerves 

4 to 6 (i.e., T4, T5, T6 dermatomes).

D. Lymph Drainage
  The breast has lymphatic plexuses that communicate freely, called the circumareolar plexus, perilobu-

lar plexus, and interlobular plexus, all of which drain into the deep subareolar plexus. From the 
subareolar plexus, lymph flows as follows.

 1. Lymph Drainage From the Lateral Quadrant
 ● A majority of the lymph (>75%) from the lateral quadrant of the right and left breast drains as 

follows: Axillary nodes (humeral, subscapular, pectoral, central, and apical) → infracla-
vicular and supraclavicular nodes → right subclavian lymph trunk (for the right breast) 
or left subclavian lymph trunk (for the left breast).

 ● The remaining ∼25% of lymph drainage occurs via the interpectoral, deltopectoral, supracla-
vicular, and inferior deep cervical nodes.

 2. Lymph Drainage From the Medial Quadrant
 ● The lymph from the medial quadrant of the right and left breast drains as follows: Parasternal 

nodes → right bronchomediastinal lymph trunk (for the right breast) or left broncho-
mediastinal lymph trunk (for the left breast).

 ● Lymph from the medial quadrant may also drain into the opposite breast.
 3. Lymph Drainage From the Inferior Quadrant

 ● The lymph from the inferior quadrant of the right and left breast drains into the nodes of the 
upper abdomen (e.g., inferior phrenic lymph nodes).

E. Clinical Considerations
 1. Fibroadenoma is a benign proliferation of connective tissue such that the mammary glands are 

compressed into cords of epithelium. A fibroadenoma presents clinically as a sharply circum-
scribed, spherical nodule that is freely movable. It is the most common benign neoplasm of the 
breast.

 2. Infiltrating duct carcinoma is a malignant proliferation of duct epithelium where the tumor cells 
are arranged in cell nests, cords, anastomosing masses, or a mixture of these. It is the most com-
mon type of breast cancer, accounting for 65% to 80% of all breast cancers. An infiltrating duct 
carcinoma presents clinically as a jagged density, fixed in position; dimpling of skin; inversion of 
the nipple; and thick, leathery skin.
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IX Anterior Chest Wall (Figure 5-3)

A. Insertion of a Central Venous Catheter. In clinical practice, access to the SVC and right 
side of the heart is required for monitoring blood pressure, long-term feeding, or administration of 
drugs. The internal jugular vein and subclavian vein are generally used.
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Figure 5-3 Lateral view of the anterior chest wall and upper neck region. The brachial plexus and subclavian 
artery emerge between the middle and anterior scalene muscles. The subclavian artery and subclavian vein are separated 
by the anterior scalene muscle. The brachial plexus, subclavian artery, and subclavian vein cross above rib 1 but below 
the clavicle. Note the arrangement of the subclavian vein and the internal jugular vein and their use in placing a central 
venous catheter (the central or anterior approach and the infraclavicular approach).

Figure 5-4 Insertion of catheter 
(central approach).

1. Internal jugular vein (central or anterior approach) 
(Figure 5-4). The needle is inserted at the apex of a triangle 
formed by the two heads of the sternocleidomastoid muscle 
and the clavicle of the right side. The diagram shows the cor-
rect central approach when inserting a catheter into the inter-
nal jugular vein.
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 2. Subclavian vein (infraclavicular 
approach) (Figure 5-5). Place index 
finger at sternal notch and thumb at the 
intersection of the clavicle and first rib 
as anatomical landmarks. The needle is 
inserted below the clavicle and lateral to 
your thumb on the right side. The diagram 
shows the correct infraclavicular approach 
when inserting a catheter into the right 
subclavian vein.

 3. Complications of a central venous 
catheter may include the following: 
Puncture of subclavian artery or sub-
clavian vein, pneumothorax, hemotho-
rax, trauma to trunks of brachial plexus, 
arrhythmias, venous thrombosis, erosion 
of catheter through the SVC, damage to 
the tricuspid valve, and infections.

B. Postductal Coarctation of the 
Aorta  (Figure 5-6) is a congenital malfor-
mation associated with increased blood pres-
sure to the upper extremities, diminished and 
delayed femoral artery pulse, and high risk of 
cerebral hemorrhage and bacterial endocarditis. 
A postductal arctation of the aorta is generally 
located distal to the left subclavian artery and 
the ligamentum arteriosum. The internal tho-
racic artery → intercostal arteries → supe-
rior epigastric artery → inferior epigastric 
artery → external iliac arteries are involved 
in the collateral circulation to bypass the con-
striction and become dilated. Dilation of the 
intercostal arteries causes erosion of the lower 
border of the ribs, termed “rib notching.” A 
preductal coarctation is less common and 
occurs proximal to the ductus arteriosus; blood 
reaches the lower part of the body via a patent 
ductus arteriosus. The angiogram shows a nar-
rowing (arrow) just distal to the prominent left 
subclavian artery. The aortic arch is hypoplas-
tic. Note the tortuous internal thoracic artery 
(arrowhead).

Figure 5-5 Insertion of catheter (infraclavicular 
approach).

Figure 5-6 Postductal coarctation of the aorta.



44 Chapter 5

C. Aneurysm of the Aorta (Figure 5-7) 
may compress the trachea or tug on the trachea 
with each cardiac systole such that it can be felt 
by palpating the trachea at the sternal notch 
(T2). The angiogram shows an atherosclerotic 
aneurysm (curved arrows) protruding from the 
ascending aorta.

D. Aortic Dissection (Figure 5-8) is a result 
of a deceleration injury where the aorta tears 
just distal to the left subclavian artery. The tear 
is through the tunica intima and tunica media. 
The computed tomography (CT) scan shows a 
tunica intima flap within the ascending (closed 
arrow) and descending (open arrow) aorta. The 
larger false lumen compresses the true lumen.

E. Thoracic Outlet Syndrome (Figure 5-9) 
may be the result of an anomalous cervical rib 
that compresses the lower trunk of the brachial 
plexus, subclavian artery, or both. Clinical find-
ings include atrophy of thenar and hypothenar 
eminences, atrophy of interosseous muscles, 
sensory deficits on the medial side of forearm 
and hand, diminished radial artery pulse upon 
moving the head to the opposite side, and a 
bruit over the subclavian artery. The angiogram, 
taken with abduction of both arms, shows that 
blood flow is partially occluded in the subcla-
vian arteries (arrows).

F. Knife Wound to Chest Wall Above the Clavicle may damage structures at the root of 
the neck. The subclavian artery may be cut. The lower trunk of the brachial plexus may be cut, 
causing loss of hand movements (ulnar nerve involvement) and loss of sensation over the medial aspect 
of the arm, forearm, and last two digits (C8 and T1 dermatomes). The cervical pleura and apex of 

Figure 5-8 Aortic dissection.

Figure 5-9 Thoracic outlet syndrome.

Figure 5-7 Aortic aneurysm.



Chest Wall 45

the lung may be cut, causing an open pneumothorax and collapse of the lung. These structures project 
superiorly into the neck through the thoracic inlet and posterior to the sternocleidomastoid muscle.

G. Projections of the Diaphragm on the Chest Wall.  The central tendon of the 
diaphragm lies directly posterior to the xiphosternal joint. The right dome of the diaphragm arches 
superiorly to the upper border of rib 5 in the midclavicular line. The left dome of the diaphragm arches 
superiorly to the lower border of rib 5 in the midclavicular line.

H. Scalene Lymph Node Biopsy. Scalene lymph nodes are located behind the clavicle sur-
rounded by pleura, lymph ducts, and the phrenic nerve. Inadvertent damage to these structures will 
cause the following clinical findings: Pneumothorax (pleura), lymph leakage (lymph ducts), and dia-
phragm paralysis (phrenic nerve).

X Lateral Chest Wall (Figure 5-10)
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Figure 5-10 Lateral chest wall. An anterolateral view shows the intercostal space, associated muscles, and the rela-
tionship of the intercostal vein, artery, and nerve.



46 Chapter 5

A. Tube Thoracostomy  (Figure 5-11) is 
performed to evacuate ongoing production of 
air/fluid into the pleural cavity. A tube is inserted 
through intercostal space 5 in the anterior axil-
lary line (i.e., posterior approach) close to the 
upper border of the rib to avoid the intercostal 
vein, artery, and nerve, which run in the costal 
groove between the internal intercostal muscle 
and innermost intercostal muscle. An incision is 
made at intercostal space 6 lateral to the nipple, 
but medial to the latissimus dorsi muscle. The 
tube will penetrate the following structures: 
Skin → superficial fascia → serratus ante-
rior muscle → external intercostal muscle 
→ internal intercostal muscle → innermost 
intercostal muscle → parietal pleura. This 
drawing shows the approach for a tube thoracos-
tomy with the tube passing through intercostal 
space 5 between rib 5 and rib 6.

C. Intercostal Nerve Block (Figure 5-13) 
is performed to relieve pain associated with a rib 
fracture or herpes zoster (shingles). A needle is 
inserted at the posterior angle of the rib along 
the lower border of the rib in order to bathe the 
intercostal nerve in anesthetic. In addition, the 
collateral branches of the intercostal nerve need 
to be anesthetized. The needle will penetrate 
the following structures: Skin → superficial 
fascia → serratus anterior muscle → exter-
nal intercostal muscle → internal intercos-
tal muscle. Several intercostal nerves must be 
blocked to achieve pain relief because of the 
presence of nerve collaterals (i.e., overlapping of 
contiguous dermatomes). This drawing shows 
the approach for an intercostal nerve block.

Intercostal nerve 

Collateral branch

Lung

Figure 5-13 Intercostal nerve block.

B. Thoracentesis (Figure 5-12) is performed 
to obtain a sample of pleura fluid or to remove 
blood or pus. A needle is inserted through 
intercostal space 9 in the midaxillary line dur-
ing expiration to avoid the inferior border of the 
lung. The needle is inserted angled upward and 
close to the upper border of rib 10 to avoid the 
intercostal vein, artery, and nerve. The needle 
will penetrate the following structures: Skin → 
superficial fascia → external intercostal 
muscle → internal intercostal muscle → 
innermost intercostal muscle → parietal 
pleura. This drawing shows the approach for a 
thoracentesis.

External
intercostal
muscle

Internal
intercostal
muscle

9th rib

Costal
parietal pleura

Excess fluid
in pleural
cavity

10th rib

Intercostal nerve 

Lung

LiverLiver

Diaphragmatic
parietal pleura

Diaphragmatic
parietal peritoneum 

Collateral branch
of intercostal
nerve

Diaphragm

Figure 5-12 Thoracentesis.
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Figure 5-11 Tube thoracostomy.
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XI Posterior Chest Wall (Figure 5-14)

A. Fractures of the Lower Ribs. A rib fracture on the right side may damage the right kidney
and liver. A rib fracture on the left side may damage the left kidney and spleen. A rib fracture on either 
side may damage the pleura as it crosses rib 12.

Diaphragm

Liver
Spleen

Rib 12

Right

K K

T10

T11

T12

L1

L2

L3

L4

L5

Left

Figure 5-14 Posterior chest wall. Note that the kidneys are located from T12 to L3 vertebrae and that the right 
kidney is lower than the left. The pleura extends across rib 12 (dotted line). Note the structures that may be injured by 
fractures to the lower ribs. During a splenectomy, the left kidney may be damaged due to its close anatomical relationship 
and connection via the splenorenal ligament. K, kidney.

XII Mediastinum (Figure 5-15)

 ● The mediastinum is defined as the space between the pleural cavities in the thorax.
 ● The mediastinum is bounded laterally by the pleural cavities, anteriorly by the sternum, and poste-

riorly by the vertebral column.
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 ● The mediastinum is divided artificially into a superior division and an inferior division by a line 
from the sternal angle of Louis to the T4 to T5 intervertebral disc.

 ● The inferior division is then further divided into the anterior, middle, and posterior divisions.

A. Superior Mediastinum
 ● The contents of the superior mediastinum include the trachea, esophagus, thymus, phrenic nerves, 

azygous vein, SVC, brachiocephalic artery and veins, aortic arch, left common carotid artery, left 
subclavian artery, and thoracic duct.

 ● Common pathologies found in this area include aortic arch aneurysm, esophageal perforation 
either from endoscopy or invading malignancy, and traumatic rupture of the trachea.

B. Anterior Mediastinum
 ● The contents of the anterior mediastinum include the thymus, fat, lymph nodes, and connective tissue.
 ● Common pathologies found in this area include thymoma associated with myasthenia gravis 

and red blood cell aplasia, thyroid mass, germinal cell neoplasm, or lymphomas (Hodgkin 
or non-Hodgkin).

C. Middle Mediastinum
 ● The contents of the middle mediastinum include the heart, pericardium, phrenic nerves, ascending 

aorta, SVC, and coronary arteries and veins.
 ● Common pathologies found in this area include pericardial cysts, bronchiogenic cysts, and 

sarcoidosis.

D. Posterior Mediastinum
 ● The contents of the posterior mediastinum include the descending aorta, esophagus, thoracic duct, 

azygous vein, splanchnic nerves, and vagus nerves (cranial nerve X)
 ● Common pathologies found in this area include ganglioneuromas, neuroblastomas, and esoph-

ageal diverticula or neoplasms.
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Figure 5-15 Mediastinum. A 
left lateral view shows the superior, 
anterior, middle, and posterior divi-
sions of the mediastinum.
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Figure 5-16 PA chest radiograph. Note the various numbered and labeled structures. Ribs 1 to 8 can generally be 
traced from their articulation with the vertebral column to the union of the rib with the costal cartilage. The liver and 
right dome of the diaphragm cast a domed water-density shadow at the base of the right lung. The stomach, spleen, and 
left dome of the diaphragm cast a domed water-density shadow at the base of the left lung. Both domes generally lie 
just below vertebra T10. The left dome is lower than the right dome due to the downward thrust of the heart. The right 
border of the cardiovascular shadow includes the brachiocephalic artery and right brachiocephalic vein, superior vena 
cava and ascending aorta, right atrium, and inferior vena cava. The left border of the cardiovascular shadow includes the 
left subclavian artery and left brachiocephalic vein, aortic arch (or aortic knob), pulmonary trunk, auricle of left atrium, 
and left ventricle. The angle between the right and left main bronchi at the carina is generally 60 to 75 degrees. The left 
hilum is generally higher than the right hilum.

XIII Radiology
A. Posteroanterior (PA) Chest Radiograph (Figure 5-16)
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B. Lateral Chest Radiograph (Figure 5-17)
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Figure 5-17 Lateral chest radiograph. Note the various numbered and labeled structures.
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Figure 5-18 Aortic angiogram (left anterior oblique view). Note that injection of contrast dye into the right 
subclavian artery will visualize the entire circle of Willis since the dye will enter both the right common carotid artery and 
right vertebral artery (not shown). However, injection of contrast dye into the left subclavian artery will visualize only the 
posterior part of the circle of Willis since the dye will enter only the left vertebral artery (not shown).

C. Aortic Angiogram (Left Anterior Oblique View) (Figure 5-18)

Case Study
A 27-year-old man comes to the emergency room complaining that “my stomach hurts real bad and it has 
been going on for about 3 days. I’ve been vomiting a lot also.” He also tells you that “I don’t know if this 
means anything but my legs cramp up often and sometimes my feet are cold.” After some discussion, you 
learn that he has had no signs of blood in the vomitus, no fever, no chills, and no history of prior surgeries 
or other serious medical problems. However, the man admits to drinking five beers and a shot of whiskey 
as a daily routine to relax before dinner. You admit the man to the hospital with a diagnosis of alcohol- 
induced pancreatitis for bowel rest and intravenous therapy. Despite some improvement, the patient  
is noted to have a persistently elevated systolic blood pressure in the 190 to 200 range and a diastolic 
blood pressure in the 90 to 110 range. A PA chest radiograph and magnetic resonance angiograph (MRA) 
are ordered.

Relevant Physical Examination Findings
 ● Normal body temperature

 ● Blood pressure 198/88 mm Hg

 ● A 1/6 soft systolic ejection murmur

 ● S1 and S2 heart sounds are normal

 ● Abdomen is soft but tender to deep palpation in the epigastric region

 ● Normal rectal examination
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Relevant Laboratory Findings
 ● Normal complete blood count (CBC) and basic metabolic panel

 ● Elevated serum amylase (240 U/L; normal range 30 to 110 U/L)

 ● Elevated serum lipase (2,120 U/L; normal range 46 to 218 U/L)

Relevant Radiographic Findings
 ● Cardiomegaly

 ● Enlarged collateral intercostal arterial circulation

 ● Rib notching of the inferior–posterior margin

 ● Classic “figure 3” is observed

Diagnosis
Postductal Coarctation of the Aorta

 ● Coarctation of the aorta most frequently occurs in association with other congenital heart defects. How-
ever, it may also occur as an isolated condition, as in this case.

 ● Patients presenting beyond infancy often have vague symptoms (e.g., headaches, a propensity for nose 
bleeds, leg cramps, and cold feet).

 ● Hypertension is usually present and leads to further testing.

 ● The hallmark of postductal coarctation of the aorta is that the blood pressure in the arms is at least  
20 mm Hg higher than in the legs.
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C H A P T E R  6

Pleura, Tracheobronchial 
Tree, Lungs

I Pleura
A. Types of Pleura 

1. Visceral Pleura
 ● The visceral pleura adheres to the lung on all its surfaces.
 ● It is reflected at the root of the lung and continues as parietal pleura.

 2. Parietal Pleura
 ● Adheres to the chest wall, diaphragm, and pericardial sac.

B. Pleural Recesses
1. Right and Left Costodiaphragmatic Recesses

 ● These recesses are slit-like spaces between the costal and diaphragmatic parietal pleura.
 ● During inspiration, the lungs descend into the right and left costodiaphragmatic recesses, 

causing the recesses to appear radiolucent (dark) on radiographs.
 ● During expiration, the lungs ascend so that the costal and diaphragmatic parietal pleura come 

together and the radiolucency disappears on radiographs.
 ● The costodiaphragmatic angle should appear sharp in a posteroanterior (PA) radiograph. If the 

angle is blunted, pathology of the pleural space may be suspected, such as excess fluid, blood, 
tumor, or scar tissue.

 ● With a patient in the standing position, excess fluid within the pleural cavity will accumulate in 
the costodiaphragmatic recesses.

 2. Right and Left Costomediastinal Recesses
 ● These recesses are slit-like spaces between the costal and mediastinal parietal pleura.
 ● During inspiration, the anterior borders of both lungs expand and enter the right and left costo-

mediastinal recesses. In addition, the lingula of the left lung expands and enters a portion of 
the left costomediastinal recess, causing that portion of the recess to appear radiolucent (dark) 
on radiographs.

 ● During expiration, the anterior borders of both lungs recede and exit the right and left costo-
mediastinal recesses.

C. Clinical Considerations
1. Pleuritis is inflammation of the pleura. Pleuritis involving only visceral pleura will be associated 

with no pain since the visceral pleura receives no nerve fibers of general sensation. Pleuritis involv-
ing the parietal pleura will be associated with sharp local pain and referred pain. Since parietal 
pleura is innervated by intercostal nerves and the phrenic nerve (C3, C4, and C5), pain may be 
referred to the thoracic wall and root of the neck, respectively.
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 2. Inadvertent Damage to the Pleura may occur during a:
 ● Surgical posterior approach to the kidney. If rib 12 is very short, rib 11 may be mistaken 

for rib 12. An incision prolonged to the level of rib 11 will damage the pleura.
 ● Abdominal incision at the right infrasternal angle. The pleura extends beyond the rib cage 

in this area.
 ● Stellate ganglion nerve block
 ● Brachial plexus nerve block
 ● Knife wounds to the chest wall above the clavicle
 ● Fracture of lower ribs

 3. Chylothorax occurs when lymph accumulates in the pleural cavity due to surgery or trauma that 
injures the thoracic duct.

 4. Hemothorax occurs when blood enters the pleural cavity as a result of trauma or rupture of a 
blood vessel (e.g., a dissecting aneurysm of the aorta).

 5. Empyema occurs when a thick pus accumulates in the pleural cavity. Empyema is a variant of 
pyothorax whereby a turbid effusion containing many neutrophils accumulates in the pleural 
cavity, usually as a result of bacterial pneumonia that extends into the pleural surface.

 6. Open Pneumothorax occurs when the parietal pleura is pierced and the pleural cavity is opened 
to the outside atmosphere. This causes a loss of the negative intrapleural pressure (PIP) because 
the PIP now equals atmospheric pressure (Patm). This results in an expanded chest wall (its natural 
tendency) and a collapsed lung (its natural tendency). Upon inspiration, air is sucked into the 
pleural cavity and results in a collapsed lung. Most common causes include chest trauma (e.g., 
knife wound) and iatrogenic etiology (e.g., thoracocentesis, transthoracic lung biopsy, mechanical 
ventilation, central line insertion).

 7. Spontaneous Pneumothorax (Figure 6-1) occurs 
when air enters the pleural cavity usually due to a rup-
tured bleb (bulla) of a diseased lung. The most common 
site is in the visceral pleura of the upper lobe of the lung. 
This results in a loss of negative intrapleural pressure and 
a collapsed lung. Clinical findings include chest pain, 
cough, and mild to severe dyspnea; spontaneous pneu-
mothorax most commonly occurs in young, tall males. 
This PA radiograph shows a left apical (arrows) and sub-
pulmonic (curved arrow) pneumothorax in a 41-year-old 
woman with adult respiratory distress syndrome.

Figure 6-1 Spontaneous pneumothorax.
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Figure 6-2 Tension pneumothorax. 1, 
hyperlucent lung field; 2, hyperexpansion 
of lower right diaphragm; 3, collapsed right 
lung; 4, deviation of trachea; 5, mediastinal 
shift; 6, compressed left lung.

8. Tension Pneumothorax (Figure 6-2) may occur 
as a sequela to an open pneumothorax if the inspired 
air cannot leave the pleural cavity through the wound 
upon expiration (check-valve mechanism). This 
results in a collapsed lung on the wounded side and 
a compressed lung on the opposite side due to a 
deflected mediastinum. Clinical findings include chest 
pain, shortness of breath, deviated trachea, absent 
breath sounds on the affected side, and hypotension 
since the mediastinal shift compresses the superior 
vena cava (SVC) and inferior vena cava (IVC), thereby 
obstructing venous return. Tension pneumothorax 
may cause sudden death. The anteroposterior (AP) 
radiograph shows a tension pneumothorax as a result 
of a penetrating chest trauma to the right side.

II Tracheobronchial Tree (Figure 6-3)

A. General Characteristics
 ● The trachea is a tube composed of 16 to 20 U-shaped hyaline cartilages and the trachealis

muscle.
 ● The trachea begins just inferior to the cricoid cartilage (C6 vertebral level) and ends at the sternal angle 

(T4 vertebral level), where it bifurcates into the right main bronchus and the left main bronchus.
 ● At the bifurcation of the trachea, the last tracheal cartilage forms the carina, which can be observed 

by bronchoscopy as a raised ridge of tissue in the sagittal plane.
 ● The right main bronchus is shorter and wider and turns to the right at a shallower angle than the left 

main bronchus. The right main bronchus branches into 3 lobar bronchi (upper, middle, and lower) 
and finally into 10 segmental bronchi.

 ● The left main bronchus branches into 2 lobar bronchi (upper and lower) and finally into 8 to 10 
segmental bronchi. The branching of segmental bronchi corresponds to the bronchopulmonary 
segments of the lung.

B. Clinical Considerations
 1. Compression of the Trachea may be due to an enlargement of the thyroid gland or due 

to an aortic arch aneurysm. The aortic arch aneurysm may tug on the trachea with each cardiac 
systole such that it can be felt by palpating the trachea at the sternal notch.

 2. Distortions in the Position of the Carina may indicate metastasis of bronchogenic car-
cinoma into the tracheobronchial lymph nodes that surround the tracheal bifurcation or may 
indicate enlargement of the left atrium. The mucous membrane covering the carina is very 
sensitive in eliciting the cough reflex.

 3. Aspiration of Foreign Objects
a. When a person is sitting or standing.

 ● Aspirated material most commonly enters the right lower lobar bronchus and lodges within 
the posterior basal bronchopulmonary segment (no. 10) of the right lower lobe.

b. When a person is supine.
 ● Aspirated material most commonly enters the right lower lobar bronchus and lodges 

within the superior bronchopulmonary segment (no. 6) of the right lower lobe.
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c. When a person is lying on the right side.
 ● Aspirated material most commonly enters the right upper lobar bronchus and lodges 

within the posterior bronchopulmonary segment (no. 2) of the right upper lobe.
d. When a person is lying on the left side.

 ● Aspirated material most commonly enters the left upper lobar bronchus and lodges within 
the inferior lingular (no. 5) bronchopulmonary segment of the left upper lobe.

III Lungs (Figure 6-3)

A. Right Lung
 ● The right lung consists of three lobes (upper, middle, and lower) separated by a horizontal fis-

sure and an oblique fissure.
 ● The horizontal fissure runs at the level of costal cartilage 4 and meets the oblique fissure at the midax-

illary line.
 ● The diaphragmatic surface consists of the middle lobe and lower lobe.

B. Left Lung
 ● The left lung consists of two lobes (upper and lower) separated by an oblique fissure.
 ● The left upper lobe contains the cardiac notch, where the left ventricle and pericardial sac abut the 

lung. The lingula (which is the embryologic counterpart to the right middle lobe) lies just beneath 
the cardiac notch.

 ● The diaphragmatic surface consists of the lower lobe.

C. Bronchopulmonary Segment*
 ●  A  bronchopulmonary segment contains a segmental bronchus, a branch of the pulmonary artery,

and a branch of the bronchial artery, which run together through the central part of the segment.
 ● The tributaries of the pulmonary vein are found at the periphery between two adjacent broncho-

pulmonary segments. These veins form surgical landmarks during segmental resection of the lung.
 ● The bronchopulmonary segments are both named and numbered as follows.

1. Right Lung
a. Upper lobe: Apical (no. 1), posterior (no. 2),* anterior (no. 3).
b. Middle lobe: Lateral (no. 4), medial (no. 5).
c. Lower lobe: Superior (no. 6), medial basal (no. 7), anterior basal (no. 8), lateral basal (no. 

9), posterior basal (no. 10).
2. Left Lung

a. Upper lobe: Apical (no. 1), posterior (no. 2), anterior (no. 3), superior lingular (no. 4), 
inferior lingular (no. 5).

b. Lower lobe: Superior (no. 6), anterior basal (no. 8), lateral basal (no. 9), posterior basal (no. 
10); note that no. 7 is absent.

*Bronchopulmonary segments in bold are most frequently involved in aspiration of foreign objects.

D. Breath Sounds
 ● Breath sounds from the upper lobe of each lung can be auscultated on the anterior–superior aspect 

of the thorax.
 ● Breath sounds from the lower lobe of each lung can be auscultated on the posterior–inferior aspect 

of the back.
 ● Breath sounds from the middle lobe of the right lung can be auscultated on the anterior thorax near 

the sternum just inferior to intercostal space no. 4.

E. Arterial Components of the Lung. The adult lung is supplied by two arterial systems.

 1. Pulmonary System of Arteries
 ● The pulmonary trunk is anterior to the ascending aorta and travels in a superior–posterior 

direction to the left side for about 5 cm and then bifurcates into the right pulmonary artery
and left pulmonary artery, which carry deoxygenated blood to the lung for aeration.
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 ● The right pulmonary artery runs horizontally toward the hilus beneath the arch of the aorta; 
posterior to the ascending aorta and SVC; and anterior to the right main bronchus.

 ● The left pulmonary artery is shorter and narrower than the right pulmonary artery and is 
connected to the arch of the aorta by the ligamentum arteriosum.

 ● The pulmonary arteries branch to follow the airways to the level of the terminal bronchioles, at 
which point they form a pulmonary capillary plexus.

 2. Bronchial System of Arteries
 ● The bronchial arteries carry oxygenated blood to the parenchyma of the lung.
 ● The right bronchial artery is a branch of a posterior intercostal artery.
 ● The two left bronchial arteries are branches of the thoracic aorta. The bronchial arteries 

branch to follow the airways to the level of the terminal bronchioles, at which point they drain 
into the pulmonary capillary plexus (i.e., 70% of bronchial blood drains into the pulmonary 
capillary plexus).

 ● Bronchial arteries that supply large bronchi drain into bronchial veins (i.e., 30% of bronchial 
blood drains into the bronchial veins).

F. Venous Components of the Lung. The adult lung is supplied by two venous systems.

 1. Pulmonary System of Veins
 ● The pulmonary veins carry oxygenated blood from the pulmonary capillary plexus and deox-

ygenated bronchial blood to the left atrium.
 ● There are five pulmonary veins that drain each lobe of the lungs. However, the pulmonary veins 

from the right upper and middle lobes generally join so that only four pulmonary veins open 
into the posterior aspect of the left atrium.

 ● Within the lung, small branches of the pulmonary veins run solo (i.e., do not run with the 
airways, pulmonary arteries, or bronchial arteries).

 ● Larger branches of the pulmonary veins are found at the periphery of the bronchopulmonary 
segments (i.e., intersegmental location).

 2. Bronchial System of Veins
 ● The bronchial veins carry deoxygenated blood from the bronchial arteries that supply large 

bronchi.
 ● Right bronchial veins drain into the azygos vein.
 ● Left bronchial veins drain into the accessory hemiazygos vein.

G. Innervation of the Lung. The lungs are innervated by the anterior pulmonary plexus and 
posterior pulmonary plexus, which are located anterior and posterior to the root of the lung at the 
hilus, respectively. These plexuses contain both parasympathetic (vagus; cranial nerve [CN] X) and 
sympathetic components.

 1. Parasympathetic
a. Motor

 ● Preganglionic neuronal cell bodies are located in the dorsal nucleus of the vagus and 
nucleus ambiguus of the medulla. Preganglionic axons run in the vagus nerve (CN X).

 ● Postganglionic neuronal cell bodies are located in the pulmonary plexuses and within the 
lung along the bronchial airways.

 ● Postganglionic parasympathetic axons terminate on smooth muscle of the bronchial tree, 
causing bronchoconstriction and seromucous glands, causing increased glandular 
secretion.

b. Sensory
 ● The neuronal cell bodies are located in the inferior (nodose) ganglia of CN X. These neurons 

send a peripheral process to the lung via CN X and a central process to the solitary nucleus 
in the brain. These neurons transmit touch and stretch sensation.

 2. Sympathetic
a. Motor

 ● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the 
spinal cord. Preganglionic axons enter the paravertebral ganglion.
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 ● Postganglionic neuronal cell bodies are located in the paravertebral ganglion at the cervical 
(superior, middle, and inferior ganglia) and thoracic (T1 to T4) levels.

 ● Postganglionic sympathetic axons terminate on smooth muscle of blood vessels within the 
lung, causing vasoconstriction.

 ● Postganglionic sympathetic axons also terminate on postganglionic parasympathetic neurons 
and modulate their bronchoconstriction activity (thereby causing bronchodilation).

 ● Circulating epinephrine from the adrenal medulla acts directly on bronchial smooth muscle 
to cause bronchodilation.

b. Sensory
 ● The neuronal cell bodies are located in the dorsal root ganglia at about C7 to C8 and T1 to 

T4 spinal cord levels. These neurons send a peripheral process to the lung via the sympathet-
ics and a central process to the spinal cord. These neurons transmit pain sensation.

IV Clinical Considerations
A. Atelectasis  is the incomplete expansion of alveoli (in neonates) or collapse of alveoli (in adults). 

Microatelectasis is the generalized inability of the lung to expand due to the loss of surfactant usually 
seen in the following conditions.

 1. Neonatal Respiratory Distress Syndrome (NRDS) is caused by a deficiency of surfactant, 
which may occur due to prolonged intrauterine asphyxia, in premature infants, or in infants of 
 diabetic mothers. Lung maturation is assessed by the lecithin-to-sphingomyelin ratio in amni-
otic fluid (a ratio > 2:1 = maturity). Pathologic findings include hemorrhagic edema within the 
lung, atelectasis, and hyaline membrane disease characterized by eosinophilic material consist-
ing of proteinaceous fluid (fibrin, plasma) and necrotic cells. Clinical findings include hypoxemia, 
which causes pulmonary vasoconstriction, pulmonary hypoperfusion, and capillary endothelium 
 damage.

 2. Adult Respiratory Distress Syndrome 
(ARDS) (Figure 6-4) is defined as a sec-
ondary  surfactant deficiency due to other 
primary pathologies that damage either 
alveolar cells or capillary endothelial 
cells in the lung. ARDS is a clinical term 
for diffuse alveolar damage leading to 
 respiratory failure. ARDS may be caused 
by the following: Inhalation of toxic 
gases (e.g., 9/11 rescue workers), water 
(as in a near drowning), or extremely 
hot air; left ventricular failure resulting 
in  cardiogenic pulmonary edema; illicit 
drugs (e.g., heroin); metabolic disorders 
(e.g., uremia, acidosis, acute pancreati-
tis); severe trauma (e.g., car accident with 
multiple fractures); or shock (e.g., endo-
toxins or ischemia can damage cells). 
The AP recumbent radiograph shows an 
 endotracheal tube (arrowhead), oval col-
lections of air at the periphery of the lung 
representing  pneumatoceles (arrows), 
and right subclavian Swan-Ganz catheter 
(curved arrow).

Figure 6-4 Adult respiratory distress syndrome 
(ARDS).
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B. Pulmonary Embolism (PE) (Figure 6-5) 
is the occlusion of the pulmonary arteries or 
their branches by an embolic blood clot origi-
nating from a deep vein thrombosis (DVT) in 
the leg or pelvic area. A large embolus may 
occlude the main pulmonary artery or lodge at 
the bifurcation as a “saddle embolus,” which 
may cause sudden death with symptoms eas-
ily confused with myocardial infarction (i.e., 
chest pain, severe dyspnea, shock, increased 
serum lactate dehydrogenase [LDH] levels). A 
medium-sized embolism may occlude seg-
mental arteries and may produce a pulmonary 
infarction, which is wedge-shaped and usu-
ally occurs in the lower lobes. A group of small 
emboli (“emboli showers”) may occlude 
smaller peripheral branches of the pulmonary 
artery and cause pulmonary hypertension over 
time. Risk factors include obesity, cancer, preg-
nancy, oral contraceptives, hypercoagulability, 
multiple bone fractures, burns, and prior DVT. 
A typical clinical scenario involves a postsurgi-
cal, bedridden patient who develops sudden 
shortness of breath. The pulmonary arterio-
gram shows a large “saddle embolus” (arrow). 
Note the poor perfusion of the right middle and 
lower lobes compared to the upper lobe.

Figure 6-5 Pulmonary embolism.

C. Bronchiectasis (Figure 6-6) is the abnor-
mal, permanent dilatation of bronchi due to 
chronic necrotizing infection (e.g., Staphylo-
coccus, Streptococcus, Haemophilus influenzae), 
bronchial obstruction (e.g., foreign body, 
mucous plugs, or tumors), or congenital condi-
tions (e.g., Kartagener syndrome, cystic fibrosis 
[CF], immunodeficiency disorders). The lower 
lobes of the lung are predominately affected 
and the affected bronchi have a saccular 
appearance. Clinical findings include cough, 
fever, and expectoration of large amounts of 
foul-smelling purulent sputum. The broncho-
gram shows dilated bronchi that have a saccular 
appearance and are clearly seen within the left 
lower lobe.

Figure 6-6 Bronchiectasis.
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E. Restrictive Lung Diseases (Figure 6-8) 
are characterized by a decrease in compliance 
(i.e., the distensibility of the lung is restricted). 
The lungs are said to be “stiff.” Restrictive 
ventilatory impairment is the inability to 
fully expand the lung (inspiratory airflow), 
which results in a decrease in total lung capac-
ity (TLC). The radiograph shows key features 
of restrictive lung disease. Note a reticular pat-
tern of lung opacities, due to an abnormal lung 
interstitium, that are interspersed between clear 
areas (lung cysts or “honeycomb lung”); small, 
contracted lung; and raised diaphragm. Specific 
examples of obstructive lung disease include 
the following: Idiopathic pulmonary fibrosis, 
coal worker pneumoconiosis, silicosis, asbesto-
sis, and sarcoidosis.

D. Obstructive Lung Diseases  (Figure 
6-7) are characterized by an increase in airway 
resistance (particularly expiratory airflow). 
Obstructive ventilatory impairment is the 
impairment of airflow during expiration with 
concomitant air trapping and hyperinflation. The 
increase in airway resistance (due to narrowing of 
the airway lumen) can be caused by conditions in 
the wall of the airway, where smooth muscle 
hypertrophy may cause airway narrowing (e.g., 
asthma); outside the airway, where destruction 
of lung parenchyma may cause airway narrowing 
upon expiration due to loss of radial traction (e.g., 
emphysema); and in the lumen of the airway, 
where increased mucus production may cause 
airway narrowing (e.g., chronic bronchitis). The 
radiograph shows key features of obstructive lung 
disease. Note the hyperinflation of the lung and 
destruction of the lung interstitium (i.e., bulla 
formation) cause the lung to appear hyperlucent. 
Note that the diaphragm is flat and depressed 
(i.e., lower than rib 11). Specific examples of 
obstructive lung disease include the following: 
Asthma, emphysema, and chronic bronchitis.

Figure 6-7 Obstructive lung disease.

Figure 6-8 Restrictive lung disease.
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F. Cystic Fibrosis (CF) (Figure 6-9) is caused by produc-
tion of abnormally thick mucus by epithelial cells lining the 
respiratory (and gastrointestinal) tract. This results clinically 
in obstruction of airways and recurrent bacterial infections 
(e.g., Staphylococcus aureus, Pseudomonas aeruginosa). CF is 
an autosomal recessive genetic disorder caused by more than 
1,000 different mutations in the CF transmembrane con-
ductance regulator (CFTR) gene on chromosome 7q31.2 
for the CFTR, which functions as a chloride ion (Cl−) channel 
protein. In North America, 70% of CF cases are due to a three-
base deletion that codes for the amino acid  phenylalanine 
at position no. 508 such that phenylalanine is missing from 
CFTR. Clinical signs include meconium ileus (i.e., obstruc-
tion of the bowel) in the neonate, steatorrhea (fatty stool) or 
obstruction of the bowel in childhood, and cor pulmonale 
(manifesting as right-side heart failure) developing secondary 
to pulmonary hypertension. The PA radiograph of CF shows 
hyperinflation of both lungs, reduced size of the heart due to 
pulmonary compression, cyst formation, and atelectasis (col-
lapse of alveoli) in both lungs.

G. Bronchogenic Carcinoma  (Figure 6-10) begins 
as hyperplasia of the bronchial epithelium with continued 
progression occurring through intraluminal growth, infil-
trative peribronchial growth, and intraparenchymal growth. 
Intrathoracic spread of bronchogenic carcinoma may lead 
to Horner syndrome (miosis, ptosis, hemianhidrosis, and 
apparent enophthalmos) due to cervical sympathetic chain 
involvement; SVC syndrome causing dilatation of head and 
neck veins, facial swelling, and cyanosis; dysphagia due to 
esophageal obstruction; hoarseness of voice due to recur-
rent laryngeal nerve involvement; paralysis of the dia-
phragm due to phrenic nerve involvement; and  Pancoast 
syndrome causing ulnar nerve pain and Horner syndrome. 
Tracheobronchial, parasternal, and supraclavicular lymph 
nodes are involved in the lymphatic metastasis of bron-
chogenic carcinoma. Enlargement of the tracheobronchial 
nodes may indent the esophagus, which can be observed 
radiologically during a barium swallow, or distort position 
of the carina. Metastasis to the brain via arterial blood may 
occur by the  following route: Cancer cells enter a lung 
capillary → pulmonary vein → left atrium and ven-
tricle → aorta → internal carotid and vertebral arter-
ies. Metastasis to the brain via venous blood may occur by 
the following route: Cancer cells enter a bronchial vein 
→ azygous vein → external and internal vertebral 
venous plexuses → cranial dural sinuses. The lateral 
radiograph shows the nodule (arrows) anterior within the 
left upper lobe consistent with bronchogenic carcinoma. 
The most important issue in primary lung cancer is the his-
tologic subclassifications, which include adenocarcinoma, 
squamous cell carcinoma (SQ), small cell carcinoma, and 
carcinoid tumor.

Figure 6-10  Bronchogenic carcinoma.

Figure 6-9 Cystic fibrosis.
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V Cross-sectional Anatomy
A. Computed Tomography (CT) Scan at the Level of Origin of the Three 

Branches of the Aortic Arch (at About Vertebral Level T2 to T3) (Figure 6-11)
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Trachea

Right
brachiocephalic vein

Sternum
Left brachiocephalic vein

Brachiocephalic trunk

Left
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vein
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Left common
carotid artery
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Figure 6-11 CT scan at the level of origin of the three branches of the aortic arch (at about vertebral level 
T2 to T3). The esophagus is anterior and to the left of the body of the thoracic vertebra. The trachea is anterior and to 
the right of the esophagus. The brachiocephalic trunk is anterior and to the right of the trachea. The left common carotid 
artery is anterior and to the left of the trachea. The left subclavian artery is to the left of the posterior border of the tra-
chea. The right brachiocephalic vein is to the right of the brachiocephalic trunk. The left brachiocephalic vein appears in 
oblique section as it travels to the right side.
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B. CT Scan and Magnetic Resonance Image (MRI) at the Level of the Aortic 
Arch (Figure 6-12)

Azygos vein

Trachea

Superior vena cava Aortic arch

Esophagus

Figure 6-12 CT scan at the level of the aortic arch. The esophagus is anterior and to the left of the body of the 
thoracic vertebra. The trachea is anterior and to the right of the esophagus. The azygos vein is posterior to the trachea 
and to the right of the esophagus. The aortic arch is a curved image that begins to the left of the superior vena cava (or 
right brachiocephalic vein), curves around the trachea, and ends to the left of the esophagus. The left brachiocephalic 
vein appears in oblique section at its union with the right brachiocephalic vein emptying into the superior vena cava.
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C. CT Scan and MRI at the Level of the Aortic-pulmonary Window 
(at About Vertebral Level T4) (Figure 6-13)
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Figure 6-13 CT scan at the level of the aortic-pulmonary window (at about vertebral level T4). The aortic-
pulmonary window is the space in the superior mediastinum from the bifurcation of the pulmonary trunk to the under-
surface of the aortic arch. The esophagus is anterior and to the left of the body of the thoracic vertebra. At this level, the 
trachea bifurcates into the right main bronchus and left main bronchus. The azygos vein appears in longitudinal section 
as it arches over the right main bronchus and empties into the superior vena cava. The ascending aorta is anterior to the 
right main bronchus, and anterior and to the left of the superior vena cava.
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D. CT Scan at the Level of Origin of the Left Main Pulmonary Artery 
(Figure 6-14)
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Figure 6-14 CT scan at the level of the origin of the left pulmonary artery. The left main bronchus appears in 
cross-section anterior to the esophagus and descending aorta. The right main bronchus branches into the right upper 
lobar bronchus and right middle lobar bronchus. The pulmonary trunk is anterior and to the left of the left main bron-
chus. The left pulmonary artery appears in longitudinal section as it curves posterior–lateral toward the hilum of the left 
lung. The superior vena cava is anterior to the right main bronchus. The ascending aorta is anterior and between the right 
main bronchus and left main bronchus.
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Case Study 
A mother brings her 4-year-old son to your office complaining that “he coughs constantly and spits up a 
green mucus.” After some discussion, she informs you that her son also has pungent, fatty stools; has had 
several bouts of severe coughing and fever within the past few months; and had meconium ileus (obstruc-
tion of the bowel with a thick meconium) as a baby. Finally, she asks you this question: “Why is my son so 
small?” What is the most likely diagnosis?

Differentials
 ● Asthma, foreign body aspiration, pneumonia, selective IgA deficiency

Relevant Physical Examination Findings
 ● The boy is in the 10th percentile for height and 5th percentile for weight for children 4 years of age

 ● Fever = 101 ºF, tachypnea = 40 breaths/min, tachycardia = 155 bpm

 ● Auscultation of the lungs reveals diffuse, bilateral wheezing; rales; and coarse breath sounds.

Relevant Laboratory Findings
 ● Sweat test: Na+ = high; Cl− = high

 ● Stool sample showed steatorrhea

 ● Pulmonary function test: Residual volume-to-total lung volume ratio = high; forced expiratory volume in 
1 second (FEV1)-to-forced vital capacity (FVC) ratio = low

 ● Sputum culture: S. aureus and P. aeruginosa positive

 ● Radiograph: Hyperinflation of lungs, early signs of bronchiectasis

Diagnosis
Cystic Fibrosis (CF)

 ● CF is caused by production of abnormally thick mucus by epithelial cells lining the respiratory (and 
gastrointestinal) tract. This results in obstruction of airways and recurrent bacterial infections (e.g.,  
S. aureus, P. aeruginosa).

 ● CF is the most common lethal genetic disorder among whites.

 ● The primary manifestation of CF occurs in the lungs and pancreas. In the lungs, the excessively viscous 
mucus leads to plugging of the lungs. In the pancreas, the release of pancreatic digestive enzymes is defi-
cient leading to malabsorption and steatorrhea.

 ● One of the earliest signs of CF is failure to thrive in early childhood.

 ● Differentials:

 ○ Asthmatic patients have a low FEV1-to-FVC ratio and hyperinflation (similar to CF), but asthma is 
characterized by the reversibility of attacks and predisposes the patient to infections.

 ○ Foreign body aspiration is usually unilateral and occurs most often on the right side.

 ○ This 4-year-old boy has pneumonia, but it is secondary to CF and the sputum culture is classic for 
pneumonia secondary to CF.

 ○ Selective IgA deficiency is a congenital disorder in which class-switching in the heavy chain fails to 
occur and is the most common congenital B-cell defect. IgA is found in bodily secretions and plays an 
important role in preventing bacterial colonization of mucosal surfaces, which makes patients with CF 
susceptible to recurrent sinopulmonary infections.
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Case Study 
A 70-year-old man comes to your office complaining that “I’m starting to cough up blood. It’s bright red and 
it scares me. I know I cough a lot because I’m a heavy smoker and when I get a cold in the winter it gets 
real bad. But, it’s always been a green mucus, never blood.” He also tells you that “I’m short of breath and 
I’ve lost 15 pounds this past month because I have no appetite. I can’t describe it, but this cough seems dif-
ferent.” After some discussion, he informs you that he has smoked three packs of cigarettes a day for about  
50 years and drinks a lot. “You know, Doc, when I smoke, I like to drink and when I drink, I like to smoke. 
It’s a vicious cycle. But, like I tell my wife, I only have two bad habits in life. That’s pretty good, isn’t it?” What 
is the most likely diagnosis?

Differentials
 ● Bronchiectasis, Goodpasture syndrome, pneumonia, tuberculosis (TB)

Relevant Physical Examination Findings
 ● Tachypnea, positive end-expiratory wheezing, clubbing of the digits

 ● Lung auscultation: Decreased breath sounds on the right side

 ● Patient appears frail

Relevant Laboratory Findings
 ● Blood chemistry: White blood cells (WBCs) = 8,500/μL (normal); hematocrit (Hct) = 30% (low); mean 

corpuscular volume = 100 μm3 (high); serum Ca2+ = 14.1 mg/dL (high)

 ● Sputum culture: Normal respiratory flora; no acid-fast bacilli

 ● Urinalysis: Ketones = none; leukocyte esterase = none; bacteria = none

 ● Chest radiograph: Large mass in the lower right hilum; atelectasis in the right lower lobe

 ● Biopsy: Keratin pearls and intercellular bridging observed

Diagnosis
Squamous Cell Carcinoma (SQ)

 ● SQ has a 35% incidence and is most closely associated with smoking history.

 ● SQ may secrete parathyroid hormone (PTH), causing hypercalcemia.

 ● SQ appears histologically as polygonal-shaped cells arranged in solid cell nests and bright eosinophilic 
aggregates of extracellular keratin (“pearls”).

 ● Intracellular keratinization may also be apparent such that the cytoplasm appears glassy and eosinophilic.

 ● In well-differentiated SQs, intercellular bridges may be observed, which are cytoplasmic extensions 
between adjacent cells.

 ● Another important histologic characteristic of SQ is the in situ replacement of the bronchial epithelium.

 ● Differentials:

 ○ Bronchiectasis is the abnormal, permanent dilatation of bronchi due to chronic necrotizing infection 
(e.g., Staphylococcus, Streptococcus, H. influenzae), bronchial obstruction (e.g., foreign body, mucous 
plugs, or tumors), or congenital conditions (e.g., Kartagener syndrome, CF, immunodeficiency disor-
ders). The lower lobes of the lung are predominately affected and the affected bronchi have a saccular 
appearance.

 ○ Antiglomerular basement membrane glomerulonephritis (ABMG) (Goodpasture syndrome) is caused 
by deposition of IgG immune complexes (i.e., autoantibodies to a globular noncollagenous domain of 
type IV collagen) within the glomerular basement membrane. The autoantibodies generally cross-react 
with pulmonary basement membranes; therefore, when both the lungs and kidneys are involved, the 
term Goodpasture syndrome is used.
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 ○ Pneumococcal pneumonia is generally a consequence of altered immunity within the respiratory tract 
most frequently following a viral infection (e.g., influenza), which damages the mucociliary elevator; 
chronic obstructive pulmonary disease (COPD); or alcoholism.

 ○ Mycobacterium tuberculosis causes TB, which is the classic mycobacterial disease. Aerosolized infectious 
particles travel to terminal airways, where M. tuberculosis penetrates inactivated alveolar macrophages 
and inhibits acidification of endolysosomes so that alveolar macrophages cannot kill the bacteria. The 
Ghon complex is the first lesion of primary TB and consists of a parenchymal granuloma (location is 
subpleural and in lower lobes of the lung) and prominent, infected mediastinal lymph nodes.

Case Study
A 25-year-old man is involved in a high-speed automobile accident and is brought into the emergency room. 
The patient is ill-appearing, combative, and in no condition to offer any assistance as to the extent of his 
injuries. The emergency medical technicians inform you that he was not wearing a seat belt, that the air bags 
deployed, and that he was hit broadside on the driver side (“T-boned”). The man had to be removed from 
the auto by the “jaws of life” and was placed on a backboard with a cervical collar.

Relevant Physical Examination Findings
 ● Heart rate = 115 bpm

 ● Blood pressure = 85/50 mm Hg

 ● Respiratory rate = 32 breaths/min

 ● 90% O2 saturation on the nonrebreather mask

 ● Weakly palpable carotid pulse

 ● Elevated jugular venous pulse

 ● Oropharynx is clear

 ● Trachea is shifted to the right of midline

 ● Breath sounds are decreased over the left chest

 ● Percussion of left chest shows hyperresonance

 ● Standard trauma radiographs including AP chest radiograph and pelvic scan were ordered

Diagnosis
Tension Pneumothorax

 ● Tension pneumothorax is a life-threatening condition that occurs when the air in the pleural space is 
under pressure, thereby displacing mediastinal structures and compromising cardiopulmonary function 
(reducing venous return and cardiac output).

 ● Patients may rapidly progress to cardiorespiratory collapse and death.

 ● In a tension pneumothorax, patients display respiratory distress, tachypnea, tachycardia, cyanosis, jugu-
lar vein distention, tracheal deviation away from the injured lung, and pulsus paradoxus (a pulse that 
markedly decreases in size during inhalation).

 ● A tension pneumothorax causing hemodynamic compromise should be diagnosed clinically and treat-
ment should never be delayed in favor of radiographic imaging.

 ● The emergency room physician placed a 14-gauge Angiocath in the second intercostal space (midclavicu-
lar line) of the left chest. A rush of air was appreciated and the blood pressure improved to 95/60 mm Hg.

 ● The emergency room physician then placed a chest tube in the left fifth intercostal space (midaxillary 
line).

 ● The patient was intubated and transported to the operating room.
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C H A P T E R  7

The Heart

I The Pericardium
A. General Features. The pericardium consists of three layers: Visceral layer of serous pericardium, 

parietal layer of serous pericardium, and the fibrous pericardium.

 1. Visceral Layer of Serous Pericardium
 ● The visceral layer of serous pericardium is known histologically as the epicardium and consists 

of a layer of simple squamous epithelium called mesothelium.
 ● Beneath the mesothelium, coronary arteries, coronary veins, and nerves travel along the surface 

of the heart in a thin collagen bed; adipose tissue is also present.

 2. Parietal Layer of Serous Pericardium
 ● At the base of the aorta and pulmonary trunk (PT), the mesothelium of the visceral layer of 

serous pericardium is reflected and becomes continuous with the parietal layer of serous peri-
cardium such that the parietal layer of serous pericardium also consists of a layer of simple 
squamous epithelium called mesothelium.

 3. Pericardial Cavity
 ● The pericardial cavity lies between the visceral layer and parietal layer of serous pericardium 

and normally contains a small amount of pericardial fluid (20 mL), which allows friction-free 
movement of the heart during diastole and systole.

 ● The transverse sinus is a recess of the pericardial cavity. After the pericardial sac is opened, a 
surgeon can pass a finger or ligature (posterior to the aorta and PT and anterior to the superior 
vena cava [SVC]) from one side of the heart to the other through the transverse sinus.

 ● The oblique sinus is a recess of the pericardial cavity that ends in a cul-de-sac surrounded by 
the pulmonary veins.

 4. Fibrous Pericardium
 ● Fibrous pericardium is a thick (∼1 mm) collagen layer (no elastic fibers) with limited ability 

to distend acutely.
 ● The fibrous pericardium fuses superiorly to the tunica adventitia of the great vessels, inferiorly 

to the central tendon of the diaphragm, and anteriorly to the sternum.
 ● The phrenic nerve and pericardiacophrenic artery descend through the mediastinum lateral 

to the fibrous pericardium and are in jeopardy during surgery to the heart.

 5. The thoracic portion of the inferior vena cava (IVC) lies within the pericardium so that to 
expose this portion of the IVC, the pericardium must be opened.

 6. The innervation of the pericardium is supplied by the phrenic nerve (C3 to C5). Pain sensation car-
ried by the phrenic nerves is often referred to the skin (C3 to C5 dermatomes) of the ipsilateral 
supraclavicular region.

B. Clinical Considerations
1. Cardiac Tamponade (Heart Compression) is the accumulation of fluid within the pericar-

dial cavity resulting in compression of the heart since the fibrous pericardium is inelastic. Clini-
cal findings include hypotension (blood pressure [BP] 90/40 mm Hg) that does not respond to 
rehydration; compression of the SVC, which may cause the veins of the face and neck to engorge 
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with blood; a distention of veins of the neck on inspiration (Kussmaul sign); paradoxical pulse 
(inspiratory lowering of BP by >10 mm Hg); syringe filling spontaneously when blood is drawn 
due to increased venous pressure; and distant heart sounds. Cardiac tamponade can quickly prog-
ress to cardiogenic shock and death.

 2. Pericardiocentesis is the removal of fluid from the pericardial cavity, which can be approached 
in two ways.
a. Sternal approach

 ● A needle is inserted at intercostal space 5 or 6 on the left side near the sternum. The cardiac 
notch of the left lung leaves the fibrous pericardium exposed at this site.

 ● The needle penetrates the following structures: Skin → superficial fascia → pectora-
lis major muscle → external intercostal membrane → internal intercostal muscle → 
transverse thoracic muscle → fibrous pericardium → parietal layer of serous 
pericardium.

 ● The internal thoracic artery, coronary arteries, and pleura may be damaged during this approach.
b. Subxiphoid approach

 ● A needle is inserted at the left infrasternal angle angled in a superior and posterior position.
 ● The needle penetrates the following structures: Skin → superficial fascia → anterior rec-

tus sheath → rectus abdominus muscle → transverse abdominus muscle → fibrous 
pericardium → parietal layer of serous pericardium.

 ● The diaphragm and liver may be damaged during this approach.

 II Heart Surfaces (Figure 7-1A, B). The heart has six surfaces.

A. Posterior Surface (Base). The posterior surface consists mainly of the left atrium, which 
receives the pulmonary veins and is related to vertebral bodies T6 to T9.

B. Apex. The apex consists of the inferior lateral portion of the left ventricle (LV) at intercostal space 5 
along the midclavicular line. The maximal pulsation of the heart (apex beat) occurs at the apex.

C. Anterior Surface (Sternocostal Surface). The anterior surface consists mainly of the 
right ventricle (RV).

D. Inferior Surface (Diaphragmatic Surface). The inferior surface consists mainly of the LV
and is related to the central tendon of the diaphragm.

E. Left Surface (Pulmonary Surface). The left surface consists mainly of the LV and occupies 
the cardiac impression of the left lung.

F. Right Surface. The right surface consists mainly of the right atrium located between the SVC and IVC.

 III Heart Borders (Figure 7-1A, B). The heart has four borders.

A. Right Border
 ● The right border consists of the right atrium, SVC, and IVC.

B. Left Border
 ● The left border consists of the LV, left atrium, PT, and aortic arch.

C. Inferior Border
 ● The inferior border consists of the RV.

D. Superior Border
 ● The superior border consists of the right atrium, left atrium, SVC, ascending aorta, and PT.
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Figure 7-1 Heart surfaces and heart borders. A: Radiograph shows the various components of the heart and great 
vessels. B: Figure shows the anterior surface of the heart and great vessels for comparison to the radiograph in (A).
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IV Fibrous Skeleton of the Heart. The fibrous skeleton is a dense framework 
of collagen within the heart that keeps the orifices of the atrioventricular (AV) valves and semilunar 
valve patent, provides an attachment site of the valve leaflets and cusps, serves as the origin 
and insertion sites of cardiac myocytes, and forms an electrical “barrier” between the atria and 
ventricles so that they contract independently.

V Valves and Auscultation Sites (Figure 7-2)

A. Bicuspid (Mitral; Left Atrioventricular) Valve
 ● The bicuspid valve is located between the left atrium and LV and is composed of two leaflets 

(anterior and posterior), both of which are tethered to papillary muscles (anterolateral and 
posteromedial) by chordae tendineae.

 ● The auscultation site is at the cardiac apex at left intercostal space 5.

B. Tricuspid (Right Atrioventricular) Valve
 ● The tricuspid valve is located between the right atrium and RV and is composed of three leaflets 

(anterior, posterior, and septal), all of which are tethered to papillary muscles (anterior, poste-
rior, and septal) by chordae tendineae.

 ● The auscultation site is over the sternum at intercostal space 4.

Figure 7-2 Auscultation sites of the chest. The positions of the auscultatory sites are indicated on the body surface 
of a woman.
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Bicuspid (mitral) valve site at the cardiac apex at left intercostal space 5
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Pulmonary valve site over the left upper sternal border at left intercostal space 2

Aortic valve site over the right upper sternal border at right intercostal space 2
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C. Pulmonary Semilunar Valve (Pulmonic Valve)
 ● The pulmonary semilunar valve is the outflow valve of the RV and is composed of three cusps (ante-

rior, right, and left) that fit closely together when closed.
 ● The orifice of the pulmonary semilunar valve is directed to the left shoulder.
 ● The auscultation site of the pulmonary valve area is over the left upper sternal border at left 

intercostal space 2.
 ● The auscultation site of the secondary pulmonary valve area is over the sternum at intercostal 

space 3.

D. Aortic Semilunar Valve
 ● The aortic semilunar valve is the outflow valve of the LV and is composed of three cusps (posterior, 

right, and left) that fit closely together when closed.
 ● The orifice of the aortic semilunar valve is directed to the right shoulder.
 ● The auscultation site is over the right upper sternal border at right intercostal space 2.

E. Heart Sounds
1. S1 heart sound (first sound; “lub” sound) is caused by closure of the tricuspid and bicuspid 

valves.

 2. S2 heart sound (second sound; “dub” sound) is caused by closure of the pulmonary and aortic 
valves.

VI Arterial Supply of the Heart (Figure 7-3). The right coronary artery and 
left coronary artery supply oxygenated arterial blood to the heart. The coronary arteries fill 
with blood during diastole. The coronary arteries have maximal blood flow during diastole and 
minimal blood flow during systole.

A. Right Coronary Artery (RCA)
 ● The RCA arises from the right aortic sinus (of Valsalva) of the ascending aorta and courses in the 

coronary sulcus.
 ● The blood supply of the heart is considered right-side dominant (most common) if the posterior 

interventricular (IV) artery arises from the RCA.
 ● The RCA branches into the following.

 ○ Sinoatrial (SA) nodal artery
 ○ Conus branch
 ○ Right marginal artery
 ○ AV nodal artery
 ○ Posterior IV artery
 ○ Septal branches

B. Left Main Coronary Artery (LMCA)
 ● The LMCA arises from the left aortic sinus (of Valsalva) of the ascending aorta.
 ● The blood supply of the heart is considered left-side dominant (less common) if the posterior IV 

artery arises from the LMCA. The LMCA branches into the following.
1. Left circumflex artery (LCx), which further branches into the following.

 ○ Anterior marginal artery
 ○ Obtuse marginal artery

Figure 7-3 Diagrams and angiograms of the right and left main coronary arteries. A, B: Right coronary artery 
(RCA). A: Right anterior oblique (RAO) angiogram shows the various branches of the RCA that can be observed in this 
view. B: Left anterior oblique (LAO) angiogram shows the various branches of the RCA that can be observed in this view. 
C, D: Left main coronary artery (LMCA). C: Right anterior oblique angiogram shows the various branches of the LMCA 
that can be observed in this view. D: Left anterior oblique (LAO) angiogram shows the various branches of the LMCA 
that can be observed in this view.
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 ○ Atrial branches
 ○ Posterior marginal artery

2. Intermediate ramus (a variable branch)
3. Anterior IV artery (also called left anterior descending artery [LAD]), which further 

branches into the following.
 ○ Anterior diagonal artery
 ○ Septal branches

VII Venous Drainage of the Heart
A. Coronary Sinus

 ● The coronary sinus is the largest vein draining the heart and drains directly into the right atrium.
 ● At the opening of the coronary sinus, a crescent-shaped valve remnant (called the Thebesian valve) 

is present.

B. Great Cardiac Vein
 ● The great cardiac vein follows the anterior IV artery and drains into the coronary sinus.

C. Middle Cardiac Vein
 ● The middle cardiac vein follows the posterior IV artery and drains into the coronary sinus.

D. Small Cardiac Vein
 ● The small cardiac vein follows the right marginal artery and drains into the coronary sinus.

E. Oblique Vein of the Left Atrium
 ● The oblique vein of the left atrium is a remnant of the embryonic left SVC and drains into the  

coronary sinus.

F. Left Posterior Ventricular Vein
 ● The left posterior ventricular vein drains into the coronary sinus.

G. Left Marginal Vein
 ● The left marginal vein drains into the coronary sinus.

H. Anterior Cardiac Veins
 ● The anterior cardiac veins are found on the anterior aspect of the RV and drain directly into the right 

atrium.

I. Smallest Cardiac Veins
 ● The smallest cardiac veins begin within the wall of the heart and drain directly into the nearest heart 

chamber.

VIII The Conduction System (Figure 7-4)

A. Sinoatrial Node
 ● The SA node is the pacemaker of the heart and is located at the junction of the SVC and right atrium 

just beneath the epicardium.
 ● From the SA node, the impulse spreads throughout the right atrium and to the AV node via the 

anterior, middle, and posterior internodal tracts and to the left atrium via the Bachmann 
bundle.

 ● If all SA node activity is destroyed, the AV node will assume the pacemaker role.
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B. Atrioventricular Node
 ● The AV node is located on the right side of the AV portion of the atrial septum near the ostium of the 

coronary sinus in the subendocardial space.
 ● The AV septum corresponds to the triangle of Koch, an important anatomical landmark because it 

contains the AV node and the proximal penetrated portion of the bundle of His.

C. Bundle of His, Bundle Branches, and Purkinje Myocytes
 ● The bundle of His travels in the subendocardial space on the right side of the IV septum and 

divides into the right and left bundle branches.
 ● The left bundle branch is thicker than the right bundle branch.
 ● A portion of the right bundle branch enters the septomarginal trabecula (moderator band) to supply 

the anterior papillary muscle.
 ● The left bundle branch further divides into an anterior segment and posterior segment.
 ● The right and left bundle branches both terminate in a complex network of intramural Purkinje 

myocytes.

IX Innervation of the Heart (Figure 7-4). The heart is innervated by the 
superficial cardiac plexus, which is located inferior to the aortic arch and anterior to the right 
pulmonary artery, and the deep cardiac plexus, which is located posterior to the aortic arch 
and anterior to the tracheal bifurcation. These plexuses contain both parasympathetic (vagus; 
cranial nerve [CN] X) and sympathetic components.

Figure 7-4 Innervation and conduction system of the heart. A: Parasympathetic and sympathetic innervation of 
the heart. Preganglionic parasympathetic neurons of CN X (solid line; green), postganglionic parasympathetic neurons of 
CN X (dashed line; orange), preganglionic sympathetic neurons (solid line; green), postganglionic sympathetic neurons 
(dashed line; orange). M, medulla; SP, spinal cord; PG, paravertebral ganglia; S, superior cervical ganglion; Mi, middle 
cervical ganglion; I, inferior cervical ganglion; NE, norepinephrine; ACh, acetylcholine. B: Conduction system of the heart. 
SA, sinoatrial node; AV, atrioventricular node; BH, Bundle of His; RBB, right bundle branch; LBB, left bundle branch; PLBB, 
posterior segment of the left bundle branch; PM, Purkinje myocytes; a, anterior internodal tract; m, middle internodal 
tract; p, posterior internodal tract; b, Bachman bundle.
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A. Parasympathetic
1. Motor

 ● Preganglionic neuronal cell bodies are located in the dorsal nucleus of the vagus and nucleus 
ambiguus of the medulla. Preganglionic axons run in the vagus (CN X) nerve.

 ● Postganglionic neuronal cell bodies are located in the cardiac plexus and atrial wall.
 ● Postganglionic axons are distributed to the SA node, AV node, atrial myocytes (not ven-

tricular myocytes), and smooth muscle of coronary arteries, causing a:
 ○ Deceleration in the SA node (decrease in heart rate)
 ○ Decrease in conduction velocity through the AV node
 ○ Decrease in contractility of atrial myocytes

 ● The SA node and AV node contain high levels of acetylcholinesterase (degrades acetylcholine 
rapidly) such that any given vagal stimulation is short-lived.

 ● Vasovagal syncope is a brief period of lightheadedness or loss of consciousness due to an 
intense burst of CN X activity.

 2. Sensory
 ● The neuronal cell bodies are located in the inferior (nodose) ganglia of CN X. These neurons 

send a peripheral process to chemoreceptors (specifically the aortic bodies) via CN X and 
a central process to the solitary nucleus in the brain. These neurons transmit changes in the 
partial pressure of arterial oxygen (PaO2).

 ● The neuronal cell bodies are located in the inferior (nodose) ganglia of CN X. These neurons 
send a peripheral process to baroreceptors in the great veins, atria, and aortic arch via CN X 
and a central process to the solitary nucleus in the brain. These neurons transmit changes in 
blood pressure.

B. Sympathetic
 1. Motor

 ● Preganglionic neuronal cell bodies are located in the intermediolateral columns of the spinal 
cord at T1 to T4 levels. Preganglionic axons enter the paravertebral ganglia at T1 to T4 levels 
and some travel to the inferior, middle, and superior cervical ganglia.

 ● Postganglionic neuronal cell bodies are located both in the paravertebral ganglia at T1 to T4 
levels and in the inferior, middle, and superior cervical ganglia.

 ● Postganglionic axons are distributed to the SA node, AV node, atrial myocytes, ventricular 
myocytes, and smooth muscle of coronary arteries, causing an:

 ○ Acceleration in the SA node (increase in heart rate)
 ○ Increase in conduction velocity through the AV node
 ○ Increase in contractility of atrial and ventricular myocytes

 ● Released norepinephrine is either carried away by the bloodstream or taken up by the nerve 
terminals so that sympathetic stimulation is relatively long-lived.

 2. Sensory
 ● The neuronal cell bodies are located in the dorsal root ganglia at T1 to T5 spinal cord levels. 

These neurons send a peripheral process to the heart via the sympathetics and a central process 
to the spinal cord. These neurons transmit pain sensation.

 ● The pain associated with angina pectoris or a “heart attack” may be referred over the T1 to T5 
dermatomes (i.e., the classic referred pain down the left arm).

 X Gross Anatomy of the Heart
A. Right Atrium. The right atrium receives venous blood from the SVC, IVC, and coronary sinus. The 

right atrium consists of the following.
 ● Right auricle, which is a conical, muscular pouch
 ● Pectinate muscles, which form the trabeculated part of the right atrium (2- to 4-mm thick) and 

develop embryologically from the primitive atrium
 ● Sinus venarum, which is the smooth part of the right atrium and develops embryologically from 

the sinus venous
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 ● Crista terminalis (an internal muscular ridge 3- to 6-mm thick), which marks the junction between 
the trabeculated part and smooth part of the right atrium

 ● Sulcus terminalis (an external shallow groove), which also marks the junction between the trabecu-
lated part and smooth part of the right atrium

 ● Openings of the SVC, IVC, coronary sinus, and the anterior cardiac vein
 ● Atrial septum, which consists of an interatrial portion and an AV portion
 ● Fossa ovalis, which is an oval depression on the interatrial portion consisting of the valve of the fossa 

ovalis (a central sheet of thin fibrous tissue), which is a remnant of septum primum, and the limbus 
of the fossa ovalis (a horseshoe-shaped muscular rim), which is a remnant of the septum secundum.

B. Right Ventricle. The trabeculated inflow tract of the RV receives venous blood from the right 
atrium posteriorly through the tricuspid valve while the smooth outflow tract of the RV expels blood 
superiorly and to the left into the PT. The RV consists of the following.

 ● Trabeculae carneae (irregular muscular ridges), which form the trabeculated part of the RV (inflow 
tract) and develop embryologically from the primitive ventricle

 ● Conus arteriosus (infundibulum), which is the smooth part of the RV (outflow tract) and develops 
embryologically from the bulbus cordis

 ● Supraventricular crest (a C-shaped internal muscular ridge), which marks the junction between the 
trabeculated part and smooth part of the RV

 ● Tricuspid valve (anterior, posterior, and septal cusps), which attaches at its base to the fibrous 
skeleton

 ● Chordae tendineae, which are cords that extend from the free edge of the tricuspid valve to the 
papillary muscles and prevent eversion of the tricuspid valve into the right atrium, thereby preventing 
regurgitation of ventricular blood into the right atrium during systole

 ● Papillary muscles (anterior, posterior, and septal), which are conical muscular projections from 
the ventricular wall and are attached to the chordae tendineae

 ● IV septum, which consists of a membranous part (located in a superior–posterior position and 
continuous with the fibrous skeleton) and a muscular part

 ● Septomarginal trabecula (moderator band), which is a curved muscular bundle which extends 
from the interventricular septum to the anterior papillary muscle and contains part of the right bun-
dle branch of the bundle of His to the anterior papillary muscle

 ● Right AV orifice
 ● Opening of the PT
 ● Pulmonary semilunar valve (anterior, right, and left cusps), which lies at the apex of the conus 

arteriosus and prevents blood from returning to the RV
 ● In fetal and neonatal life, the thickness of the right ventricular wall is similar to the thickness of the 

left ventricular wall due to the equalization of pulmonary and aortic pressures by the ductus arte-
riosus. By 3 months of age, the infant heart shows regression of the right ventricular wall thickness.

C. Left Atrium. The left atrium receives oxygenated blood from the lungs through the pulmonary 
veins. The left atrium consists of the following.

 ● Left auricle, which is a tubular muscular pouch
 ● Pectinate muscles, which form the trabeculated part of the left atrium and develop embryologically 

from the primitive atrium
 ● Smooth part of the left atrium, which develops embryologically by incorporation of the transient 

common pulmonary vein into its wall
 ● Openings of the valveless pulmonary veins
 ● Atrial septum, which consists only of an interatrial portion
 ● Semilunar depression, which indicates the valve of the fossa ovalis. The limbus of the fossa ovalis 

and the AV septum are not visible from the left atrium.

D. Left Ventricle. The trabeculate inflow tract of the LV receives oxygenated blood from the left atrium 
through the mitral valve while the smooth outflow tract of the LV expels blood superoanteriorly into the 
ascending aorta. The LV consists of the following.

 ● Trabeculae carneae (irregular muscular ridges), which form the trabeculated part of the LV (inflow 
tract) and develop embryologically from the primitive ventricle
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 ● Aortic vestibule, which is the smooth part of the LV (outflow tract) and develops embryologically 
from the bulbus cordis

 ● Mitral valve (anterior and posterior cusps), which attaches at its base to the fibrous skeleton
 ● Chordae tendineae, which are cords that extend from the free edge of the mitral valve to the papil-

lary muscles and prevent eversion of the mitral valve into the left atrium, thereby preventing regurgi-
tation of ventricular blood into the left atrium during systole

 ● Papillary muscles (anterior and posterior), which are conical muscular projections from the ven-
tricular wall and are attached to the chordae tendineae

 ● Left AV orifice
 ● Opening of the ascending aorta
 ● Aortic semilunar valve (posterior, right, and left cusps), which lies at the apex of the aortic ves-

tibule and prevents blood from returning to the LV

XI Clinical Considerations
A. Atherosclerosis. The characteristic lesion of atherosclerosis is an atheromatous plaque (fibro-

fatty plaque; atheroma) within the tunica intima of blood vessels. An early stage in the formation 
of an atheromatous plaque is the subendothelial fatty streak. Fatty streaks are elevated, pale yellow, 
smooth surfaced, focal in distribution, and irregular in shape with well-defined borders. Fatty streaks 
can be seen as early as the second decade of life.

B. Ischemic Heart Disease. Coronary artery atherosclerosis leads to three major clinical condi-
tions.

 1. Angina Pectoris is the sudden onset of precordial (anterior surface of the body over the heart and 
stomach) pain.

 2. Myocardial Infarction (MI) (Figure 7-5A, B). An MI is the ischemic necrosis of the myo-
cardium of the heart. Complications of an MI include hemopericardium caused by rupture of 
the free ventricular wall; arterial emboli; pericarditis (only in transmural infarcts); ventricular 
aneurysm which is a bulge in the heart during systole at the postinfarction scar; and postmyo-
cardial infarction syndrome (Dressler syndrome), which is an autoimmune pericarditis. There 
are two types of infarcts.
a. Transmural infarct is unifocal, solid, follows the distribution of a specific coronary artery, 

often causes shock, and is caused by an occlusive thrombus; pericarditis is common with a 
transmural infarct. The volume of collateral arterial blood flow is the chief factor that affects 
the progression of a transmural infarct. In chronic cardiac ischemia, extensive collateral blood 
vessels develop over time that supply the subepicardial portion of the myocardium and thereby 
limit the infarct to the subendocardial portion of the myocardium.

b. Subendocardial infarct is multifocal and patchy, follows a circumferential distribution, and is 
caused by hypoperfusion of the heart (e.g., aortic stenosis, hemorrhagic shock, or hypoperfu-
sion during cardiopulmonary bypass); pericarditis is uncommon with subendocardial infarct.

 3. Congestive Heart Failure (CHF). CHF is the inability of the heart to pump blood at a rate 
commensurate with the requirements of the body tissues, or it can do so only from elevated filling 
pressures. Most instances of CHF are due to the progressive deterioration of myocardial contractile 
function (i.e., systolic dysfunction) as occurs in ischemic heart disease or hypertension (i.e., the 
hypertensive left heart). CHF is characterized by reduced cardiac output (i.e., forward failure) or 
damming back of blood into the venous system (i.e., backward failure), or both.
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Figure 7-5 Myocardial infarction. A: Transmural MIs are caused by thrombotic occlusion of a coronary artery. Infarc-
tion is localized to the anatomic area supplied by the occluded artery. Coronary artery occlusion occurs most commonly 
in the anterior interventricular artery [(AIV); also called the left anterior descending (LAD)], followed by the right coronary 
artery (RCA), and then the left circumflex artery (LCx). This is indicated by the numbers 1, 2, and 3. RCA, right coronary 
artery; LMCA, left main coronary artery; SA, sinoatrial artery; RM, right marginal artery; AIV, anterior interventricular artery 
(or LAD); S, septal branches; LCx, left circumflex artery; OM, obtuse marginal artery; AM, anterior marginal; AD, ante-
rior diagonal artery; IR, intermediate ramus. B: Cardiac referred pain. This figure shows the various anatomical areas of 
referred pain due to angina or a myocardial infarction.
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C. Right Ventricle (RV) Failure (Figure 
7-6A, B)
 1. General Features. The RV is suscep-

tible to failure in situations that cause an 
increase in afterload on the RV. Pure RV 
failure most often occurs with cor pulmo-
nale, which can be induced by intrinsic 
diseases of the lung or pulmonary arte-
rial hypertension (PAH). Acute cor 
pulmonale is RV dilation caused by a 
large thrombopulmonary embolism. 
Chronic cor pulmonale is RV hyper-
trophy followed by RV enlargement and 
RV failure caused by PAH. PAH is defined 
as pulmonary artery pressures above the 
normal systolic value of 30 mm Hg. There 
are numerous causes of PAH, including 
vasculitis, idiopathic (“primary PAH”), 
chronic pulmonary emboli, chronic lung 
disease, emphysema, Eisenmenger syn-
drome (mnemonic: “VICE”). This PA 
radiograph of PAH shows an enormously 
dilated PT along with the right (R) and left 
(L) pulmonary arteries with diminutive 
peripheral pulmonary vessels.

 2. Clinical findings include right hypogastric quadrant discomfort due to hepatomegaly, a cut sec-
tion of the liver demonstrating a “nutmeg” pattern of chronic passive congestion, peripheral edema 
(e.g., hallmark of RV failure is ankle swelling), pulmonary edema absent, jugular vein and portal vein 
distention, enlarged spleen, peritoneal cavity ascites, pleural effusion, palpable parasternal “heave”, 
presence of S4 heart sound (“atrial gallop”), and tricuspid valve murmur. Ascent to high altitudes is 
contraindicated due to hypoxic pulmonary vasoconstriction, which will exacerbate the condition.

D. Left Ventricle (LV) Failure (Figure 
7-7)
 1. General Features. LV failure most often 

occurs due to impaired LV function caused 
by MI. The LV is usually hypertrophied 
and quite massively dilated. In LV failure, 
there is progressive damming of blood 
within the pulmonary circulation such 
that pulmonary vein pressure mounts and 
pulmonary edema with wet, heavy lungs 
is apparent. Coughing is a common fea-
ture of LV failure. Transferrin and hemo-
globin which leak from the congested cap-
illaries are phagocytosed by macrophages 
in the alveoli (called “heart failure cells”). 
In LV failure, the decreased cardiac output 
causes a reduction in kidney perfusion, 
which may lead to acute tubular necrosis 
and also activates the renin–angiotensino-
gen system. This PA radiograph shows 
alveolar (air–space) pulmonary edema at 
the central, parahilar regions of the lung 
in the classic “bat’s wing” appearance.

Figure 7-6 Right ventricle failure (pulmonary arte-
rial hypertension).

R

PT
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Figure 7-7 Left ventricle failure.
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2. Clinical findings include: Patient is overweight, has a poor diet, and has occasional episodes of 
angina; crushing pressure on the chest with pain radiating down the left arm (“referred pain”); nausea; 
profuse sweating and cold, clammy skin due to stress-induced release of catecholamines (epinephrine 
and norepinephrine) from adrenal medulla, which stimulates sweat glands and causes peripheral 
vasoconstriction; dyspnea; orthopnea; auscultation of pulmonary rales due to “popping open” of 
small airways that were closed off due to pulmonary edema; noisy breathing (“cardiac asthma”); 
pulmonary wedge pressure (indicator of left atrial pressure) increased versus normal (30 mm Hg vs. 
5 mm Hg, respectively); ejection fraction decreased versus normal (0.35 vs. 0.55, respectively).

XII Radiology
A. Magnetic Resonance Image (MRI) at about T2 to T3 (Figure 7-8)

AOA = aortic arch
AZ = azygos vein
BC = brachiocephalic artery
BV = left brachiocephalic vein
C = spinal cord
CC2 = second costal cartilage
CJ = costochondral junction
E = esophagus
ES = erector spinae muscle
IS = infraspinatus muscle
L = lung

LC = left common carotid artery
LS = left subclavian artery
M = manubrium
PM = pectoralis major
PMi = pectoralis  minor
SA = serratus anterior muscle
SP = scapula
SS = subscapularis muscle
SVC = superior vena cava
T = trachea
TZ = trapezius muscle

Figure 7-8 MRI scan at about T2 through T3. The line diagram shows the level of the cross-section.
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B. MRI at about T5 to T6 (Figure 7-9)

Figure 7-9 MRI scan at about T5 through T6 (at the level of the origin of the right pulmonary artery). The line 
diagram shows the level of the cross-section.

AA = ascending aorta
AZ = azygos vein
C = spinal cord
DA = descending aorta
E = esophagus
ES = erector spinae muscle
HA = hemiazygos vein
IT = internal thoracic vein
LB = left main bronchus

LD = latissimus dorsi muscle
PM = pectoralis major muscle
PMi = pectoralis minor muscle
PT = pulmonary trunk
RB = right main bronchus
RPA = right pulmonary artery
SA = serratus anterior muscle
ST = sternum
SVC = superior vena cava
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C. MRI at about T7 to T8 (Figure 7-10)

Figure 7-10 MRI scan at about T7 through T8. The line diagram shows the level of the cross-section. It is important 
to know the arrangement of the heart chambers in the anteroposterior direction.

AZ = azygos vein
C = spinal cord
CA1 = right coronary artery
CA2 = left anterior descending artery
DA = descending aorta
E = esophagus
EF = epicardial artery
ES = erector spinae muscle
FP = fibrous pericardium
HAZ = hemiazygos vein
IT = internal thoracic artery
IVC = inferior vena cava

IVS = interventricular septum
LA = left atrium
LD = latissimus dorsi muscle
LI = liver
LV = left ventricle
MV = mitral valve
PF = pericardial fat
RA = right atrium
RV = right ventricle
SA = serratus anterior muscle
ST = sternum
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Case Study
Karen, a 33-year-old fashion buyer, comes to your office complaining that “sometimes I get these sudden 
pains in my chest right behind the sternum and sometimes I feel pain around the left shoulder and my jaw. 
They seem to come and go.” She also tells you that “yesterday I ran to catch a bus and the pain was real bad 
but stopped after I sat down on the bus, and I can’t even climb one flight of stairs anymore.” After some 
discussion, she informs you that she is a nonsmoker and does not take oral contraceptives, her father died at 
age 40 due to an MI, and her older sister has just undergone coronary bypass surgery.

Relevant Physical Examination Findings
 ● BP = 125/82 mm Hg

 ● Pulse = 70 and regular

 ● A soft systolic murmur in the aortic area

 ● No evidence of left ventricular hypertrophy

 ● Carotid pulses normal

 ● Prominent corneal arcus lipoides

 ● Swelling in the tendons of the hands

 ● Thickening of both Achilles tendons

Relevant Laboratory Findings
 ● Cholesterol = >450 mg/dL

 ● Low-density lipoprotein (LDL) = 250 mg/dL

 ● Angiogram shows occlusion of the anterior interventricular artery (or the LAD)

Diagnosis
Angina Pectoris

 ● Angina pectoris results from a mismatch between the supply and demand of myocardial oxygen.

 ● The patient’s familial history of premature coronary artery disease suggests familial hypercholesterolemia 
(FH). The findings of prominent corneal arcus lipoides, swelling in the tendons of the hands, and thick-
ening of both Achilles tendons suggest that a lipid disorder is present in this patient.

 ● FH is an autosomal dominant genetic disorder caused by more than 400 different mutations in the low-
density lipoprotein receptor (LDLR) gene on chromosome 19p13.1-13.3 for the LDLR, which binds 
LDL and delivers LDL into the cell cytoplasm.

 ● In FH, 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase activity and de novo cholesterol bio-
synthesis are unchecked.

 ● Cardiac referred pain is a phenomenon whereby pain originating in the heart is sensed by the person as 
originating from a superficial part of the body (e.g., upper left limb). The afferent (sensory) pain fibers 
from the heart run centrally in the thoracic cardiac branches of the sympathetic trunk and enter spinal 
cord segments T1 to T5 (dermatomes T1 to T5), especially on the left side. Upon entering the spinal cord, 
afferent neurons travel to higher brain centers in the central nervous system and some afferent neurons 
synapse on interneurons that cross to the contralateral side.
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Case Study
A 58-year-old man comes to the emergency room in obvious distress complaining that “I’ve been having pain 
in my chest for the last 8 hours or so and I can’t take it anymore. The pain feels heavy and very tight. I’ve 
never felt anything like this before.” He also tells you that “sometimes it feels like the pain goes into my left 
arm and shoulder. And, I don’t know if this is related, but I feel nauseated and I’m vomiting like I ate some 
bad food.” After some discussion, you learn the man is a heavy smoker (two packs of cigarettes per day for 
40 years), does not exercise at all, and is obviously overweight.

Relevant Physical Examination Findings
 ● Diaphoretic (sweating)

 ● Tachycardia

 ● Acute distress

Relevant Laboratory Findings
 ● Troponin I = 4 ng/mL (high)

 ● CK-MB= 5 U/L (high)

 ● Amylase= 50 U/L (normal)

 ● Lipase = 70 mIU/mL (normal)

 ● Electrocardiogram (ECG) = ST-segment elevation in leads V4. V5, and V6

Diagnosis
Acute Myocardial Infarction (MI)

 ● MI is characterized by two distinct patterns of myocardial necrosis: Transmural and subendocardial.

 ● Transmural infarction is necrosis that traverses the entire ventricular wall and is associated with coronary 
artery occlusion. Immediate ECG changes show elevation of the ST segment. Q waves are permanent 
evidence of a transmural MI and rarely disappear over time.

 ● Subendocardial infarction is necrosis limited to the interior one-third of the ventricular wall. ECG changes 
show ST-segment depression. Q waves are absent.

 ● Some differentials include angina pectoris, aortic dissection, esophageal spasm, pancreatitis, pericarditis, 
and pulmonary embolism.

Case Study
A 17-year-old young man is involved in a sports-related collision and is brought into the emergency room. 
The emergency medical technicians inform you that the patient was hit by a fastball in the middle of the chest 
while he was at bat. The patient immediately dropped to the ground and was unresponsive. Cardiopulmonary 
resuscitation (CPR) was initiated by the coach after no pulses were palpated. The emergency medical techni-
cians arrived on the scene 15 minutes later and noted the patient to have ventricular fibrillation on a rhythm 
strip. A 200-J countershock was administered, which converted the ventricular fibrillation to a normal sinus 
rhythm and the patient regained consciousness. The patient was transported to the emergency room.

Relevant Physical Examination Findings
 ● Mild ecchymosis on the anterior chest wall

 ● BP = 130/72 mm Hg
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 ● Heart rate = 106 bpm

 ● Normal cardiac rhythm

 ● Survey of airway, breathing, and circulation is unremarkable

 ● Respirations = 30 breaths/min

 ● Oxygen saturation is 82% breathing room air and corrects to 98% on a nonrebreather mask

 ● Patient is alert

 ● Lungs are clear to auscultation bilaterally

Relevant Laboratory Findings
 ● Initial troponin I = 0.04 ng/mL (normal)

 ● Metabolic panel is normal

 ● 12-lead ECG shows sinus tachycardia = 110 bpm

 ● QRS complex, QT interval, ST/T waves, and P waves are normal

Diagnosis
Commotio Cordis (Concussion of the Heart)

 ● Commotio cordis is an instantaneous cardiac arrest produced by a witnessed, nonpenetrating blow to the 
chest in the absence of any pre-existing heart disease.

 ● The threshold speed of impact at which a standard baseball can cause ventricular fibrillation is 25 to 
30 mph.

 ● The impact must be directly over the cardiac silhouette near or just to the left of the sternum in order to 
cause ventricular fibrillation.

 ● The impact must be delivered 10 to 30 milliseconds before the peak of the T wave in the cardiac cycle.

 ● In documented sports-related cases of commotio cordis, if CPR is delayed by more than 3 minutes of 
impact, only 3% of patients survive.

 ● Differentials: Hypertrophic obstructive cardiomyopathy.
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C H A P T E R  8

Abdominal Wall

I Abdominal Regions and Quadrants (Figure 8-1)

 ● The abdomen can be topographically divided into nine regions, namely, the right hypochondriac, epi-
gastric, left hypochondriac, right lumbar, umbilical, left lumbar, right inguinal, hypogastric,
and left inguinal. These regions are bounded vertically by two midclavicular lines and horizontally by 
the subcostal plane and the transtubercular plane.

Right upper quadrant

Abdominal quadrants:

Left upper quadrant
Right lower quadrant

RUQ
LUQ
RLQ

Left lower quadrantLLQ

Median plane

Transumbilical plane

Right upper quadrant (RUQ)

Liver: right lobe 
Gallbladder
Stomach: pylorus
Duodenum: parts 1–3
Pancreas: head
Right suprarenal gland
Right kidney
Right colic (hepatic) flexure
Ascending colon: superior
    part
Transverse colon: right half

Right lower quadrant (RLQ)

Cecum
Appendix
Most of ileum
Ascending colon: inferior part
Right ovary
Right uterine tube
Right ureter: abdominal part
Right spermatic cord: 
   abdominal part
Uterus (if enlarged)
Urinary bladder (if very full)

Left upper quadrant (LUQ)

Liver: left lobe 
Spleen
Stomach
Jejunum and proximal ileum
Pancreas: body and tail
Left kidney
Left suprarenal gland
Left colic (splenic) flexure
Transverse colon: left half
Descending colon:
     superior part

Left lower quadrant (LLQ)

Sigmoid colon
Descending colon:
    inferior part
Left ovary
Left uterine tube
Left ureter: abdominal part
Left spermatic cord: 
   abdominal part
Uterus (if enlarged)
Urinary bladder (if very full)

RUQ

RLQ

LUQ

LLQ

Figure 8-1 Abdominal quadrants. This figure shows the right upper quadrant (RUQ) (orange), left upper quadrant 
(LUQ) (blue), right lower quadrant (RLQ) (green), and left lower quadrant (LLQ) (maroon). The tables indicate the various 
viscera found in each quadrant. Many clinical vignette questions will describe pain associated with a particular quadrant 
of the abdomen. Knowing what viscera are associated with each quadrant will help in deciphering the clinical vignette 
(e.g., pain in the right lower quadrant may be associated with appendicitis).
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 ● The abdomen can also be topographically divided into four quadrants, namely, the right upper 
quadrant, right lower quadrant, left upper quadrant, and left lower quadrant. These quadrants are 
bounded vertically by the median plane and horizontally by the transumbilical plane.

II Muscles
 ● The muscles of the abdominal wall include the rectus abdominis, transverse abdominis, internal 

oblique, and external oblique.

III Clinical Procedure. Paracentesis (Figure 8-2) is a procedure whereby a needle is 
inserted through the layers of the abdominal wall to withdraw excess peritoneal fluid. Knife 
wounds to the abdomen will also penetrate the layers of the abdominal wall.

A. Midline Approach
 ● The needle or knife will pass through the following structures in succession: Skin → superficial 

fascia (Camper and Scarpa) → linea alba → transversalis fascia → extraperitoneal fat → 
parietal peritoneum.

B. Flank Approach
 ● The needle or knife will pass through the following structures in succession: Skin → superficial fas-

cia (Camper and Scarpa) → external oblique muscle → internal oblique muscle → transverse 
abdominis muscle → transversalis fascia → extraperitoneal fat → parietal peritoneum.

Transverse abdominis muscle

Figure 8-2 Anterior abdominal wall. A transverse section through the anterior abdominal wall demonstrating the 
various layers that would be penetrated by a needle during paracentesis or a knife wound in a midline or flank approach.
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IV Inguinal Region. The inguinal region is an area of weakness of the anterior abdominal 
wall due to the penetration of the testes and spermatic cord (in males) or the round ligament of the 
uterus (in females) during embryologic development.

A. Inguinal Ligament is the coiled lower border of the external oblique muscle and extends from 
the anterior superior iliac spine to the pubic tubercle.

B. Deep Inguinal Ring is an oval evagination of the transversalis fascia located lateral to the infe-
rior epigastric artery. The transversalis fascia continues into the inguinal canal as the internal fascia of the 
structures passing through the inguinal canal.

C. Superficial Inguinal Ring  is a defect in the aponeurosis of the external oblique muscle
located lateral to the pubic tubercle.

D. Inguinal Canal is an obliquely oriented passageway that begins at the deep inguinal ring (i.e., the 
entrance) and ends at the superficial inguinal ring (i.e., the exit). The inguinal canal transmits the sper-
matic cord (in males) or round ligament of the uterus (in females). The inguinal canal also transmits 
blood vessels, lymphatic vessels, and the genital branch of the genitofemoral nerve in both sexes.

E. Types of Hernias (Figure 8-3)
1. Direct Inguinal Hernia

 2. Indirect Inguinal Hernia
 3. Femoral Hernia
 4. Surgical Repair. Surgical hernia repair may damage the iliohypogastric nerve, causing anesthe-

sia of the ipsilateral abdominal wall and inguinal region, and/or the ilioinguinal nerve, causing 
anesthesia of the ipsilateral penis, scrotum, and medial thigh.
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Figure 8-3 Inguinal hernias. A: This figure shows the anatomy associated with a direct inguinal hernia and an indi-
rect inguinal hernia. B: This figure shows the anatomy associated with a femoral hernia. 
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Hernia Characteristics
Type of Hernia Characteristics

Direct inguinal Protrudes directly through the anterior abdominal wall within the Hesselbach trianglea

Protrudes medial to the inferior epigastric artery and veinb

Common in older men; rare in women
Clinical signs include mass in inguinal region that protrudes on straining and disappears

at rest (i.e., easily reduced), constipation, prostate enlargement, and felt with pulp of finger

Indirect inguinal Protrudes through the deep inguinal ring to enter the inguinal canal and may exit through 
 the superficial inguinal ring into the scrotum
Protrudes lateral to the inferior epigastric artery and veinb

Protrudes above and medial to the pubic tuberclec

Common in young men
More common than a direct inguinal hernia
Clinical signs include tender painful mass in the inguinal region that continues into the  

scrotum, and felt with the tip of the finger

Femoral Protrudes through the femoral canal below the inguinal ligament
Protrudes below and lateral to the pubic tuberclec

Protrudes medial to the femoral vein
More common in women on the right side
Prone to early strangulation

aHesselbach’s (inguinal) triangle is bounded laterally by the inferior epigastric artery and vein, medially by the rectus abdominus 
muscle, and inferiorly by the inguinal ligament.
bDistinguishing feature of a direct hernia versus an indirect hernia.
cDistinguishing feature of an indirect hernia versus a femoral hernia.

Figure 8-3 (Continued ) C: Table indicates the characteristics of a direct inguinal hernia, indirect inguinal hernia, 
and a femoral hernia.

V The Scrotum (Figure 8-4)

A. General Features. The scrotum is an outpouching of the lower abdominal wall, whereby layers of 
the abdominal wall continue into the scrotal area to cover the spermatic cord and testes.

B. Clinical Considerations
1. Cancer of the scrotum will metastasize to superficial inguinal nodes.
2. Cancer of the testes will metastasize to deep lumbar nodes due to the embryologic develop-

ment of the testes within the abdominal cavity and subsequent descent into the scrotum.

 3. Extravasated urine from a saddle injury will be found within the superficial perineal space
located between Colles fascia and dartos muscle (layer no. 2) and the external spermatic fascia 
(layer no. 3).

 4. In a vasectomy, the scalpel will cut through the following layers in succession: Skin → Colles 
fascia and dartos muscle → external spermatic fascia → cremasteric fascia and muscle → 
internal spermatic fascia → extraperitoneal fat. The tunica vaginalis is not cut since it is pres-
ent only over the anterior aspect of the testes.

 5. Cremasteric Reflex. Stroking the skin of the superior and medial thigh stimulates sensory fibers 
that run with the ilioinguinal nerve and serve as the afferent limb of the cremasteric reflex. Motor 
fibers that run with the genital branch of the genitofemoral nerve are distributed to the crem-
asteric muscle, where they cause contraction of the cremasteric muscle, thereby elevating the testis 
(i.e., the efferent limb of the cremasteric reflex).

 6. Hydrocele of the testes occurs when a small patency of the processus vaginalis remains so that 
peritoneal fluid can flow into the processus vaginalis which results in a fluid-filled cyst near the 
testes.

C 
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Figure 8-4 The scrotum. A schematic showing the layers of the abdominal wall that continue into the scrotal area 
as the coverings of the spermatic cord and testes. Note that the transverse abdominis muscle does not continue into the 
scrotal area but instead, joins with the tendon of the internal oblique muscle to form the conjoint tendon. Extravasated 
urine due to a straddle injury will leak between layers no. 2 and no. 3. The needle shows the layers that are penetrated 
by a needle in order to remove the excess fluid of a hydrocele.
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Peritoneal Cavity

I Peritoneal Cavity (Figure 9-1) is a potential space between the visceral and parietal 
peritoneum. It is divided into the lesser peritoneal sac and greater peritoneal sac.

A. Lesser Peritoneal Sac (Omental Bursa)  is an irregular-shaped sac that communicates 
with the greater peritoneal sac via the omental (Winslow) foramen. The lesser peritoneal sac forms 
due to the 90-degree clockwise rotation of the stomach during embryologic development. The boundar-
ies of the lesser peritoneal sac are as follows.

 1. Anterior: The liver, stomach, and lesser omentum

 2. Posterior: The diaphragm

 3. Right Side: Liver

 4. Left Side: Gastrosplenic and splenorenal ligaments

B. Greater Peritoneal Sac  is the remainder of the peritoneal cavity and extends from the dia-
phragm to the pelvis. The greater peritoneal sac contains a number of pouches, recesses, and paracolic 
gutters through which peritoneal fluid circulates.

 1. Paracolic Gutters are channels that run along the ascending and descending colon. Normally, 
peritoneal fluid flows upward through the paracolic gutters to the subphrenic recess, where it 
enters the lymphatics associated with the diaphragm.

 2. Excess Peritoneal Fluid due to peritonitis or ascites flows downward through the paracolic 
gutters to the rectovesical pouch (in males) or the rectouterine pouch (in females) when the 
patient is in a sitting or standing position.

 3. Excess Peritoneal Fluid due to peritonitis or ascites flows upward through the paracolic gutters 
to the subphrenic recess and the hepatorenal recess when the patient is in the supine posi-
tion. The patient may complain of shoulder pain (referred pain) due to irritation of the phrenic 
nerve (C3, C4, and C5 nerve roots). The hepatorenal recess is the lowest part of the peritoneal 
cavity when the patient is in the supine position.

C. Omental (Winslow) Foramen is the opening (or connection) between the lesser peritoneal 
sac and greater peritoneal sac. If a surgeon places his or her finger in the omental foramen, the inferior 
vena cava (IVC) will lie posterior and the portal vein will lie anterior.



96 Chapter 9

Figure 9-1 Cross section of the abdomen demonstrating the peritoneal cavity. Note the greater peritoneal sac 
and lesser peritoneal sac connected by the omental foramen (arrow). The portal triad is shown at the free margin of the 
hepatoduodenal ligament of the lesser omentum. P, peritoneal cavity.
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II Omentum
A. Lesser Omentum is a fold of peritoneum that extends from the porta hepatis of the liver to the 

lesser curvature of the stomach. It consists of the hepatoduodenal ligament and hepatogastric 
ligament. The portal triad lies in the free margin of the hepatoduodenal ligament and consists of the 
following.

 1. Portal Vein which lies posterior

 2. Common Bile Duct which lies anterior and to the right

 3. Hepatic Artery which lies anterior and to the left

B. Greater Omentum  is a fold of peritoneum that hangs down from the greater curvature of the 
stomach. It is known as the “abdominal policeman” because it adheres to areas of inflammation.

III Intraperitoneal and Extraperitoneal Viscera (Figure 9-1)

IV Clinical Considerations
A. Ascites is an accumulation of fluid in the peritoneal cavity due to peritonitis from congestion of the 

venous drainage of the abdomen.

B. Inflammation of the Parietal Peritoneum occurs when there is an enlarged visceral 
organ or by escape of fluid from a visceral organ and results in a sharp, localized pain over the inflamed 
area. A patient exhibits rebound tenderness and guarding over the site of inflammation. Rebound tender-
ness is pain that is elicited after the pressure of palpation over the inflamed area is removed. Guarding
is the reflex spasms of the abdominal muscles in response to palpation over the inflamed area.

C. Peritonitis is inflammation and infection of the peritoneum and commonly occurs due to a burst 
appendix, a penetrating abdominal wound, a perforated ulcer, or poor sterile technique during surgery. 
Peritonitis is treated by rinsing the peritoneal cavity with large amounts of sterile saline and administer-
ing antibiotics.

D. Peritoneal Adhesions occurs after abdominal surgery, whereby scar tissue forms and limits the 
normal movement of the viscera. This tethering may cause chronic pain or emergency complications 
such as volvulus (i.e., twisting of the intestines).
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Abdominal Vasculature

I Abdominal Aorta (Figure 10-1)

A. Major Branches
1. Celiac Trunk is located at T12 vertebral level and supplies viscera that derive embryologically 

from the foregut (i.e., intra-abdominal portion of esophagus, stomach, upper part of duodenum, 
liver, gall bladder, and pancreas). The celiac trunk further branches into the following.
a. Left gastric artery
b. Splenic artery
c. Common hepatic artery

Figure 10-1 Abdominal aorta. This figure shows the major and minor branches of the abdominal aorta and the 
arterial supply of the digestive tract.
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 2. Superior Mesenteric Artery is located at L1 vertebral level and supplies viscera that derive 
embryologically from the midgut (i.e., lower part of duodenum, jejunum, ileum, cecum, appen-
dix, ascending colon, and proximal two-thirds of transverse colon)

 3. Renal Arteries supply the kidneys.

 4. Gonadal Arteries supply the testes or ovary.

 5. Inferior Mesenteric Artery is located at L3 vertebral level and supplies viscera that derive 
embryologically from the hindgut (i.e., distal one-third of transverse colon, descending colon, 
sigmoid colon, and upper portion of rectum).

 6. Common Iliac Arteries are the terminal branches of the abdominal aorta.

B. Clinical Considerations
 1. Abdominal Aortic Aneurysm (AAA) 

(Figure 10-2). AAA is most commonly 
seen in atherosclerotic elderly males 
below the L1 vertebral level (i.e., below  
the renal arteries and superior mesen-
teric artery). The most common site of 
a ruptured AAA is below the renal arter-
ies in the left posterolateral wall (i.e., 
retroperitoneal). In a patient with a 
ruptured AAA, the first step is immediate 
compression of the aorta against the verte-
bral bodies above the celiac trunk. Dur-
ing a transabdominal surgical approach 
to correct a ruptured AAA, the left renal 
vein is put in jeopardy. The inferior mes-
enteric artery generally lies in the mid-
dle of an AAA. Clinical findings include: 
Sudden onset of severe, central abdomi-
nal pain which may radiate to the back, a 
pulsatile tender abdominal mass; if rup-
ture occurs, hypotension and delir-
ium may occur. Surgical complications 
include ischemic colitis due to ligation 
of the inferior mesenteric artery or spinal 
cord ischemia due to ligation of the great 
radicular artery (of Adamkiewicz). This 
photograph shows an AAA.

 2. Acute Mesenteric Ischemia is most commonly caused by an embolism within the superior 
mesenteric artery. Clinical signs include: Severe abdominal pain out of proportion to physical 
findings, no evidence of peritonitis, usually occurs in elderly patients with history of heart disease 
taking digoxin (a potent splanchnic vasoconstrictor).

 3. Gradual Occlusion is most commonly seen in atherosclerotic patients at the bifurcation of the 
abdominal aorta. It may result in claudication (i.e., pain in the legs when walking) and impo-
tence due to the lack of blood to the internal iliac arteries.

 4. Collateral Circulation. The abdominal vasculature has a fairly robust collateral circulation. Any 
blockage between the superior mesenteric artery at L1 vertebral level and inferior mesenteric artery 
at L3 vertebral level will cause blood to be diverted along two routes of collateral circulation. The 
first route uses the middle colic artery (a branch of superior mesenteric artery) which anastomoses 
with the left colic artery (a branch of inferior mesenteric artery). The second route uses the mar-
ginal artery.

Figure 10-2 Abdominal aortic aneurysm.
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II Venous Drainage of Abdomen
A. Azygos Venous System (Figure 10-3)

1. Azygos Vein
 ● The unpaired azygos vein is formed by the union of the right ascending lumbar vein and 

the right subcostal vein.
 ● The lower end of the azygos vein communicates with the inferior vena cava (IVC) and the 

superior vena cava (SVC).
 ● The azygos vein ascends on the right side of the vertebral column and forms a collateral path-

way from the IVC to the SVC.
 ● The azygos vein communicates with the posterior intercostal veins and the external and 

internal vertebral venous plexuses.

Figure 10-3 Azygos venous system. This figure shows the diffuse origin of the azygos vein, hemiazygos vein, and 
accessory hemiazygos vein along with the anatomical relationship to the inferior vena cava (IVC). The lower end of the 
azygos vein communicates with the IVC. The upper end of the azygos vein communicates with the SVC. The lower end 
of the hemiazygos vein communicates with the renal vein.
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 2. Hemiazygos Vein
 ● The unpaired hemiazygos vein is formed by the union of the left ascending lumbar vein 

and the left subcostal vein.
 ● The lower end of the hemiazygos vein communicates with the renal vein.
 ● The hemiazygos vein ascends on the left side of the vertebral column and crosses to the left side 

at vertebral level T9 to join the azygos vein.

B. Inferior Vena Cava (IVC) (Figure 10-4)
 ● The IVC is formed by the union of the right and left common iliac veins at vertebral level L5.
 ● The IVC drains all the blood from below the diaphragm (even portal blood from the GI tract after it 

percolates through the liver) to the right atrium.
 ● The IVC is in jeopardy during surgical repair of a herniated intervertebral disc.
 ● The IVC above the kidneys (suprarenal) should never be ligated (there is a 100% mortality rate).
 ● The IVC below the kidneys (infrarenal) may be ligated (there is a 50% mortality rate).
 ● The right gonadal vein drains directly into the IVC, whereas the left gonadal vein drains into the 

left renal vein.
 ○ This is important in females where the appearance of a right-side hydronephrosis may indicate 

thrombosis of the right ovarian vein that constricts the ureter since the right ovarian vein crossed 
the ureter to drain into the IVC.

 ○ This is also important in males where the appearance of a left-side testicular varicocele may 
indicate occlusion of the left testicular vein and/or left renal vein due to a malignant tumor 
of the kidney.

Figure 10-4 Inferior vena cava (IVC). This figure shows the IVC and its tributaries. In addition, the azygos vein and 
the hemiazygos vein are shown. Note the differences in drainage of the right and left gonadal veins.
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Figure 10-5 Hepatic portal system. This figure shows the hepatic portal system whose major drainage is from the 
gastrointestinal tract and the spleen.
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 ● Routes of collateral venous return exist in case the IVC is blocked by either a malignant retroperi-
toneal tumor or a large blood clot (thrombus). These include the following.

 ○ Azygos vein → SVC → right atrium
 ○ Lumbar veins → external and internal vertebral venous plexuses → cranial dural sinuses → 

internal jugular vein → right atrium

III Hepatic Portal System (Figure 10-5)

 ● In general, the term “portal” refers to a vein interposed between two capillary beds, i.e., capillary  
bed → vein → capillary bed.

 ● The hepatic portal system consists specifically of the following vascular structures: Capillaries of GI 
tract → portal vein → hepatic sinusoids.

 ● The portal vein is formed posterior to the neck of pancreas by the union of the splenic vein and 
superior mesenteric vein. The inferior mesenteric vein usually ends by joining the splenic vein. 
The blood within the portal vein carries high levels of nutrients from the GI tract and products of red 
blood cell destruction from the spleen.
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 ● Collateral circulation. The hepatic portal system has a fairly robust collateral circulation. When 
blood flow through the liver is severely reduced (e.g., portal hypertension due to liver cirrhosis), 
portal blood will be diverted along three routes of collateral circulation.

 ○ The first route at the esophagus uses the left gastric vein (portal system) which anastomoses with 
the esophageal vein (IVC system) forming esophageal varices.

 ○ The second route at the umbilicus uses the paraumbilical vein (portal system) which anastomoses 
with the superficial and inferior epigastric veins (IVC system) forming a caput medusae.

 ○ The third route at the rectum uses the superior rectal vein (portal system) which anastomoses with 
middle and inferior rectal veins (IVC system) forming anorectal varices.

 ● Clinical consideration: Portal hypertension (Figure 
10-6). Portal IVC (caval) anastomosis becomes clini-
cally relevant when portal hypertension occurs. Portal 
hypertension will cause blood within the portal vein to 
reverse its flow and enter the IVC in order to return to 
the heart. There are three main sites of portal IVC anas-
tomosis: Esophagus, umbilicus, and rectum. Clinical 
signs of portal hypertension include vomiting copious 
amounts of blood, enlarged abdomen due to ascites 
fluid, and splenomegaly. Portal hypertension may be 
caused by alcoholism, liver cirrhosis, and schistosomia-
sis. The photograph shows an elderly man with portal 
hypertension demonstrating caput medusae.

Figure 10-6 Portal hypertension with 
caput medusae.
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Abdominal Viscera

I Esophagus (Figure 11-1)

A. General Features
 ● The esophagus begins at the cricoid cartilage (at vertebral level C6) and ends at the gastroesopha-

geal (GE) junction. The esophagus pierces the diaphragm through the esophageal hiatus (at vertebral 
level T10).

 ● The upper 5% of the esophagus consists of skeletal muscle only. The middle 45% of the esopha-
gus consists of both skeletal muscle and smooth muscle interwoven together. The distal 50% of 
the esophagus consists of smooth muscle only.

 ● In clinical practice, endoscopic distances are measured from the incisor teeth and in the average male 
the GE junction is 38 to 43 cm away from the incisor teeth.

 ● For purposes of classification, staging, and reporting of esophageal malignancies, the esophagus is 
divided into four segments based on the distance from the incisor teeth: Cervical segment, upper 
thoracic segment, midthoracic segment, and lower thoracic segment.

Figure 11-1 The normal esophageal constrictions.
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B. Constrictions. There are five main sites where the esophagus is constricted: (1) at the junction of 
the pharynx and esophagus (cricoid origin), (2) at the aortic arch, (3) at the tracheal bifurcation (verte-
bral level T4) where the left main bronchus crosses the esophagus, (4) at the left atrium, and (5) at the 
esophageal hiatus.

C. Sphincters
 1. Upper Esophageal Sphincter (UES). The UES is a skeletal muscle that separates the pharynx 

from the esophagus. The UES is composed of opening muscles (i.e., thyrohyoid and geniohyoid 
muscles) and closing muscles (i.e., inferior pharyngeal constrictor and cricopharyngeus which is 
the main player).

 2. Lower Esophageal Sphincter (LES). The LES is a smooth muscle that separates the esopha-
gus from the stomach. The LES prevents GE reflux.

D. Arterial Supply
 ● The arterial supply of the cervical esophagus is from the inferior thyroid arteries (subclavian 

artery → thyrocervical trunk → inferior thyroid artery) which give off ascending and descending 
branches that anastomose with each other across the midline.

 ● The arterial supply of the thoracic esophagus is from four to five branches from the descend-
ing thoracic aorta.

 ● The arterial supply of the abdominal esophagus is from the left gastric artery (abdominal 
aorta → celiac trunk → left gastric artery).

E. Venous Drainage
 ● The venous drainage of the cervical esophagus is to the inferior thyroid veins (inferior thyroid 

veins → brachiocephalic veins → superior vena cava).
 ● The venous drainage of the thoracic esophagus is to an esophageal plexus of veins (esophageal 

plexus of veins → azygous veins → superior vena cava).
 ● The venous drainage of the abdominal esophagus is to the left gastric vein (left gastric vein → 

portal vein → hepatic sinusoids → central veins → hepatic veins → inferior vena cava).

F. Innervation. The innervation of the esophagus is by the somatic nervous system (upper portion 
only) and by the enteric nervous system which in the esophagus consists of the myenteric plexus of 
Auerbach only. The enteric nervous system is modulated by the parasympathetic and sympathetic ner-
vous systems.

 1. Somatic Innervation
 ● Somatic neuronal cell bodies are located in the ventral horn of the spinal cord at cervical level 

1 (C1) and travel with the hypoglossal nerve (cranial nerve [CN] XII) to innervate the open-
ing muscles of the UES (thyrohyoid and geniohyoid muscles).

 2. Parasympathetic
 ● Preganglionic neuronal cell bodies are located in the dorsal nucleus of the vagus. Pregangli-

onic axons run in CN X and enter the esophageal plexus.
 ● Postganglionic neuronal cell bodies are located in the enteric nervous system, some of which 

are the “traditional” postganglionic parasympathetic neurons that release acetylcholine (ACh) 
as a neurotransmitter.

 ● The postganglionic axons terminate on mucosal glands, submucosal glands, and smooth muscle.
 ● Neuronal cell bodies located in the nucleus ambiguus send axons that run in CN X (recurrent 

laryngeal nerves) and enter the esophageal plexus. These axons terminate on the closing 
muscles of the UES (inferior pharyngeal constrictor and the cricopharyngeus muscle) 
and the esophageal skeletal muscle.

 3. Sympathetic
 ● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the 

spinal cord (T5 to T9). Preganglionic axons form the greater splanchnic nerve.
 ● Postganglionic neuronal cell bodies are located in diffuse ganglia along the esophagus and the 

celiac ganglion.
 ● Postganglionic axons synapse in the complex circuitry of the enteric nervous system.
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G. Clinical Considerations
 1. Enlarged left atrium may constrict the esophagus due to their close anatomical relationship.

 2. Bronchogenic carcinoma may indent the esophagus due to the enlargement of mediastinal 
lymph nodes. This indentation can be observed radiologically during a barium swallow.

 3. Malignant tumors of the esophagus most commonly occur in the lower one-third of the 
esophagus and metastasize below the diaphragm to the celiac lymph nodes.

 4. Forceful vomiting is commonly seen in alcoholics, bulimia, and pregnancy which may tear the 
posterior wall of the esophagus. Clinical findings include severe retrosternal pain after vomiting 
and extravasated contrast medium. Mallory-Weiss tears involve only the mucosal and submuco-
sal layers. Boerhaave syndrome involves tears through all layers of the esophagus.

 5. Sliding hiatal hernia occurs when the stomach along with the GE junction herniates through 
the diaphragm into the thorax. Clinical findings include deep burning retrosternal pain and reflux 
of gastric contents into the mouth (i.e., heartburn) which are accentuated in the supine position.

 6. Paraesophageal hiatal hernia occurs when only the stomach herniates through the diaphragm 
into the thorax. Clinical findings include no reflux of gastric contents but strangulation or obstruc-
tion may occur.

 7. Achalasia is failure of LES to relax during swallowing probably due to absence of the myenteric 
plexus. Clinical findings include progressive dysphagia (difficulty in swallowing); barium swallow 
shows dilated esophagus above the LES and distal stenosis at the LES (“bird beak”). Chagas dis-
ease (caused by Trypanosoma cruzi) may lead to achalasia.

 8. Esophageal reflux is caused by LES dysfunction that allows gastric acid reflux into the lower 
esophagus. Clinical findings include substernal pain and heartburn which may worsen with bend-
ing or lying down. Scleroderma may be a systemic cause of esophageal reflux.

 9. Esophageal strictures (narrowing). Caustic strictures are caused by ingestion of caustic 
agents (e.g., drain openers, oven cleaners, etc). Other strictures are caused by recurrent mucosal 
destruction due to gastric acid reflux. These strictures most often occur at the GE junction.

 10. Esophageal varices refer to the dilated subepithelial and submucosal venous plexuses of the 
esophagus that drain into the left gastric (coronary) vein. The left gastric vein empties into the 
portal vein from the distal esophagus and proximal stomach. Esophageal varices are caused by 
portal hypertension due to cirrhosis of the liver.

 11. Barrett esophagus (Figure 11-2). The 
GE junction in gross anatomy is fairly easy 
to demarcate. However, the histologic GE 
junction does NOT correspond to the gross 
anatomical GE junction. The mucosal lin-
ing of the cardiac portion of the stomach 
extends about 2 cm into the esophagus 
such that the distal 2 cm of the esophagus 
is lined by a simple columnar epithelium 
instead of stratified squamous epithelium. 
The junction where stratified squamous 
epithelium changes to simple columnar 
epithelium (or the mucosal GE junction) 
can be seen macroscopically as a zigzag 
line (called the Z-line). This distinction is 
clinically very important especially when 
dealing with Barrett esophagus. Barrett 
esophagus can be defined as the replace-
ment of esophageal stratified squamous 
epithelium with metaplastic “intestinal-
ized” simple columnar (with Goblet cells) 
epithelium extending at least 3 cm into 
the esophagus. The clinical importance 
of this metaplastic invasion is that virtu-
ally all lower esophageal adenocarcinomas 

Figure 11-2 The gastroesophageal junction.

Z-line
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occur as sequelae. The photograph of the esophagus shows the Z-line where the stratified squamous  
epithelium (white portion) changes to a simple columnar epithelium (dark portion).

II Stomach (Figure 11-3)

A. General Features
1. The stomach is divided into four parts: (1) the cardia which is near the GE junction, (2) the fundus

which is above the GE junction, (3) the body which is between the fundus and antrum, and (4) the 
pylorus.

 2. The pylorus is the distal part of the stomach and is divided into the pyloric antrum (wide part) and 
the pyloric canal (narrow part).

 3. The pyloric orifice is surrounded by the pyloric sphincter which is a well-defined muscular sphinc-
ter that controls movement of food out of the stomach and prevents reflux of duodenal contents into 
the stomach.

Figure 11-3 Stomach. A: Photograph of the stomach. Note the various parts of the stomach. High-yield clinical con-
siderations associated with the esophagus, stomach, and duodenum are indicated. B: Radiograph after barium swallow. 
Note the parts of the stomach and duodenum.

B = body
C = cardia
DC =  duodenal cap or superior 

part of duodenum
Des =  descending part of 

duodenum
F = fundus
Hor =  horizontal part of 

duodenum
Ia = incisura angularis
Je = jejunum
PA = pyloric antrum
PC = pyloric canal
Arrowhead = peristaltic wave
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B. Arterial Supply. The arterial supply of the stomach is from the following.
 ● Right and left gastric arteries which supply the lesser curvature (abdominal aorta → celiac trunk 

→ common hepatic artery → right gastric artery; abdominal aorta → celiac trunk → left gastric 
artery).

 ● Right and left gastroepiploic arteries which supply the greater curvature (abdominal aorta 
→ celiac trunk → common hepatic artery → gastroduodenal artery → right gastroepiploic artery; 
abdominal aorta → celiac trunk → splenic artery → left gastroepiploic artery).

 ● Short gastric arteries which supply the fundus (abdominal aorta → celiac trunk → splenic 
artery → short gastric arteries).

C. Venous Drainage. The venous drainage of the stomach is to the following.
 ● Right and left gastric veins (right and left gastric veins → portal vein → hepatic sinusoids → central 

veins → hepatic veins → inferior vena cava).
 ● Left gastroepiploic vein and short gastric veins (left gastroepiploic vein and short gastric veins → 

splenic vein → portal vein → hepatic sinusoids→ central veins → hepatic veins → inferior vena cava).
 ● Right gastroepiploic vein (right gastroepiploic vein → superior mesenteric vein → portal vein → 

hepatic sinusoids → central veins → hepatic veins → inferior vena cava).

D. Innervation. The innervation of the stomach is by the enteric nervous system which in the stom-
ach consists of the myenteric plexus of Auerbach only. The enteric nervous system is modulated by the 
parasympathetic and sympathetic nervous systems.

 1. Parasympathetic
 ● Preganglionic neuronal cell bodies are located in the dorsal nucleus of the vagus. Pregangli-

onic axons run in CN X and enter the anterior and posterior vagal trunks.
 ● Postganglionic neuronal cell bodies are located in the enteric nervous system, some of which 

are the “traditional” postganglionic parasympathetic neurons that release ACh as a neurotrans-
mitter.

 ● The postganglionic axons terminate on mucosal glands and smooth muscle.

 2. Sympathetic
 ● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the 

spinal cord (T5 to T9). Preganglionic axons form the greater splanchnic nerve.
 ● Postganglionic neuronal cell bodies are located in the celiac ganglion.
 ● Postganglionic axons synapse in the complex circuitry of the enteric nervous system.

E. Clinical Considerations
1. Gastric ulcers (see Figure 11-4A) most often occur within the body of the stomach along the 

lesser curvature above the incisura angularis.

 2. Carcinomas of the stomach are most commonly found in the pylorus of the stomach and may 
metastasize to supraclavicular lymph nodes (Virchow nodes) on the left side which can be 
palpated within the posterior triangle of the neck. Carcinomas of the stomach may also metastasize 
to the ovaries where it is called a Krukenberg tumor.

III Duodenum
A. General Features. The duodenum pursues a C-shaped course around the head of the pancreas. 

The duodenum is divided into four parts.

 1. Superior Part (First Part)
 ● The first 2 cm of the superior part is intraperitoneal and therefore has a mesentery and is 

mobile; the remaining distal 3 cm of the superior part is retroperitoneal.
 ● Radiologists refer to the first 2 cm of the superior part of the duodenum as the duodenal cap

or bulb.
 ● The superior part begins at the pylorus of the stomach (gastroduodenal junction) which is 

marked by the prepyloric vein.
 ● Posterior relationships include the common bile duct and gastroduodenal artery. The hep-

atoduodenal ligament attaches superiorly and the greater omentum attaches inferiorly.
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 2. Descending Part (Second Part)
 ● The descending part is retroperitoneal and receives the common bile duct and main pancre-

atic duct on its posterior/medial wall at the hepatopancreatic ampulla (ampulla of Vater).
 3. Horizontal Part (Third Part)

 ● The horizontal part is retroperitoneal and runs horizontally across the L3 vertebra  
between the superior mesenteric artery anteriorly and the aorta and inferior vena cava (IVC) 
posteriorly.

 ● In severe abdominal injuries, this part of the duodenum may be crushed against the L3 vertebra.

 4. Ascending Part (Fourth Part)
 ● The ascending part is intraperitoneal and ascends to meet the jejunum at the duodenojejunal junc-

tion which occurs approximately at the L2 vertebral level about 2 to 3 cm to the left of the midline.
 ● This junction usually forms an acute angle which is called the duodenojejunal flexure which 

is supported by the ligament of Treitz (represents the cranial end of the dorsal mesentery).
 ● The ligament of Treitz serves as the anatomical landmark for the distinction between upper and 

lower gastrointestinal (GI) tract bleeds.

B. Arterial Supply. The arterial supply of the duodenum is from the following.
 ● Supraduodenal artery which supplies the upper portion of the duodenum (abdominal aorta → 

celiac trunk → common hepatic artery → gastroduodenal artery → supraduodenal artery).
 ● Anterior and posterior superior pancreaticoduodenal arteries (abdominal aorta → celiac 

trunk → common hepatic artery → gastroduodenal artery → anterior and posterior superior pancre-
aticoduodenal arteries).

 ● Anterior and posterior inferior pancreaticoduodenal arteries (abdominal aorta → superior 
mesenteric artery → anterior and posterior inferior pancreaticoduodenal arteries).

C. Venous Drainage. The venous drainage of the duodenum is to the following.
 ● Anterior and posterior superior pancreaticoduodenal veins (anterior and posterior superior 

pancreaticoduodenal veins → portal vein → hepatic sinusoids → central veins → hepatic veins → 
inferior vena cava).

 ● Anterior and posterior inferior pancreaticoduodenal veins (anterior and posterior inferior pan-
creaticoduodenal veins → superior mesenteric vein → portal vein → hepatic sinusoids → central 
veins → hepatic veins → inferior vena cava).

D. Innervation. See Section VI.

E. Clinical Considerations
 1. Duodenal ulcers (Figure 11-4) most often occur on the anterior wall of the first part of the 

duodenum (i.e., at the duodenal cap) followed by the posterior wall (danger of perforation into 
the pancreas).

 2. Perforations of the duodenum occur most often with ulcers on the anterior wall of the 
duodenum. Perforations occur less often with ulcers on the posterior wall. However, posterior 
wall perforations may erode the gastroduodenal artery causing severe hemorrhage and extend 
into the pancreas. Clinical findings: Air under the diaphragm, pain radiates to the left shoulder.
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Figure 11-4 A comparison of gastric and duodenal ulcers. A: Radiograph shows a gastric ulcer (arrows) along the 
lesser curvature of the stomach. B: Radiograph shows a duodenal ulcer (straight arrow) located in the duodenal cap (DC). 
The duodenal mucosal folds (curved arrows) radiate toward the ulcer crater. The table shows the comparison of clinical 
aspects of gastric and duodenal ulcers.

Gastric Ulcer Duodenal Ulcer

% of ulcer cases 25% 75%

Epidemiology Male:female ratio = 1:1
Increased risk with blood type A
No association with MEN I or II
COPD, renal failure

Male:female ratio = 2:1
Increased risk with blood type O
Associated with Zollinger-Ellison syndrome 

(MEN I)
Liver cirrhosis/alcohol
COPD, renal failure, hyperparathyroidism

Pathogenesis Helicobacter pylori infection in 80% of 
cases

Damage to mucosal barrier due to smok-
ing, salicylate or NSAID ingestion, type 
B chronic atrophic gastritis, mucosal 
ischemia due to reduced PGE produc-
tion, or bile reflux

H. pylori infection in 95% of cases
Damage to mucosal barrier
Gastric acid hypersecretion due to increased 

parietal cell mass, increased secretion to 
stimuli, increased nocturnal secretion, or 
rapid gastric emptying

Location Single ulcer within the body of the stom-
ach along the lesser curvature above the 
incisura angularis

Single ulcer on the anterior wall of the first 
part of the duodenum (i.e., at the 
duodenal cap) most common

Single ulcer on the posterior wall (danger of 
perforation into the pancreas)

Malignant Potential No malignant potential
Cancer may be associated with a benign 

ulcer in 1–3% of cases (biopsy necessary)

No malignant potential

Complications Bleeding from left gastric artery
Perforation
Both are less common than seen in  

duodenal ulcers

Bleeding from gastroduodenal artery
Perforation (air under diaphragm, pain  

radiates to left shoulder)
Gastric outlet obstruction
Pancreatitis

Clinical Findings Burning epigastric pain soon after eating
Pain increases with food intake
Pain is relieved by antacids
Patient is afraid to eat and loses weight

Burning epigastric pain 1–3 h after eating
Pain decreases with food intake
Pain is relieved by antacids
Patient does not lose weight
Patient wakes at night due to pain

MEN, multiple endocrine neoplasia; COPD, chronic obstructive pulmonary disease; NSAID, nonsteroidal anti-inflammatory drug;  
PGE, prostaglandin E

DC

PC

A B
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Table 11-1: General Features of the Small and Large Intestine
Jejunum Ileum Large Intestine

Villi present (long, finger-shaped) Villi present (short, club-shaped) Villi absent

Intestinal glands (crypts) present Intestinal glands (crypts) present Intestinal glands (crypts) present

>3 cm in diameter <3 cm in diameter ≈6–9 cm in diameter

Large, numerous, and palpable 
circular foldsa

Small and few circular folds that  
disappear distally

No circular folds; inner luminal  
surface is smooth

Initial two-fifths of small intestine Terminal three-fifths of small intestine

Located in the umbilical region on 
left side of abdomen

Located in the hypogastric and inguinal 
regions on the right side of abdomen

Long vasa recta with 1–2 arterial 
arcades

Short vasa recta with 3–4 arterial 
arcades

Main site of nutrient absorption
Often empty (no fecal contents)

Site of Vitamin B12 and H2O/
electrolyte absorption

Site of bile recirculation
Peyer patches prominent

Site of H2O/electrolyte absorption
Site where sedatives, anesthetics, and 

steroid may also be absorbed when 
medications cannot be delivered 
orally

Thicker wall, more vascular, and 
redder in the living person than 
ileum

Terminal ileum ends several centime-
ters above the cecal tip

Taeniae coli (three longitudinal bands 
of smooth muscle) are present

Appendices epiploicae (fatty tags) 
are present

Haustra (sacculations of the wall) are 
present

aAre folds of the mucosa and submucosa (also called plicae circularis).

IV Jejunum
A. General Features (Table 11-1)

B. Arterial Supply
 ● The arterial supply of the jejunum is from the vasa recta (abdominal aorta → superior mesenteric 

artery → jejunal arteries → one to two arterial arcades → vasa recta).

C. Venous Drainage
 ● The venous drainage of the jejunum is to the veins associated with the arcades (veins associated 

with the arcades → jejunal veins → superior mesenteric vein → portal vein → hepatic sinusoids → 
central veins → hepatic veins → inferior vena cava).

D. Innervation. See Section VI

E. Lymph Drainage
 ● Lymph from the jejunum drains as follows: Mesenteric nodes → superior mesenteric nodes → celiac 

nodes → right and left intestinal lymph trunks → abdominal confluence of lymph trunks → thoracic duct.
 ● In addition, specialized lymphatic vessels called lacteals lie within the intestinal villi and drain their 

lipid-rich fluid into the lymph.

V Ileum
A. General Features (Table 11-1)

B. Arterial Supply
 ● The arterial supply of the jejunum is from the vasa recta (abdominal aorta → superior mesenteric 

artery → jejunal arteries → one to two arterial arcades → vasa recta).
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C. Venous Drainage
 ● The venous drainage of the jejunum is to the veins associated with the arcades (veins associated 

with the arcades → jejunal veins → superior mesenteric vein → portal vein → hepatic sinusoids → 
central veins → hepatic veins → inferior vena cava).

D. Innervation. See Section VI

VI Innervation of the Small Intestine
The innervation of the small intestine is by the enteric nervous system which in the small intestine consists 
of the submucosal plexus of Meissner and the myenteric plexus of Auerbach. The motor component 
of the submucosal plexus controls primarily mucosal and submucosal gland secretion and blood flow
whereas the sensory component consists of mucosal mechanosensitive neurons. The motor component 
of the myenteric plexus controls primarily GI motility (contraction/relaxation of GI smooth muscle)
whereas the sensory component consists of tension-sensitive neurons and chemosensitive neurons. 
The enteric nervous system is modulated by the parasympathetic and sympathetic nervous systems.

A. Parasympathetic
 ● Preganglionic neuronal cell bodies are located in the dorsal nucleus of the vagus. Preganglionic 

axons run in CN X and reach the small intestine via the posterior vagal trunk.
 ● Postganglionic neuronal cell bodies are located in the enteric nervous system, some of which are the 

“traditional” postganglionic parasympathetic neurons that release ACh as a neurotransmitter.
 ● The postganglionic axons terminate on mucosal glands and smooth muscle.

B. Sympathetic
 ● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the spi-

nal cord (T8 to T12). Preganglionic axons form the greater splanchnic nerve, lesser splanchnic 
nerve, and least splanchnic nerve.

 ● Postganglionic neuronal cell bodies are located in the celiac ganglion and superior mesenteric 
ganglion.

 ● Postganglionic axons synapse in the complex circuitry of the enteric nervous system.

 VII Large Intestine
A. General Features (Table 11-1)

B. Arterial Supply
 ● The arterial supply of the ascending colon is from the ileocolic artery and right colic artery 

(abdominal aorta → superior mesenteric artery → ileocolic artery and right colic artery). The mar-
ginal artery is formed by an anastomotic connection between the superior mesenteric artery and 
inferior mesenteric artery.

 ● The arterial supply of the proximal two-thirds of the transverse colon is from the middle colic 
artery (abdominal aorta → superior mesenteric artery → middle colic artery).

 ● The arterial supply of the distal one-third of the transverse colon is from the left colic artery 
(abdominal aorta → inferior mesenteric artery → left colic artery).

 ● The arterial supply of the upper portion of the descending colon is from the left colic artery 
(abdominal aorta → inferior mesenteric artery → left colic artery).

 ● The arterial supply of the lower descending colon is from the sigmoid arteries (abdominal 
aorta → inferior mesenteric artery → sigmoid arteries).
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Figure 11-5 A comparison of Crohn disease and ulcerative colitis. A: Crohn disease. Radiograph shows the 
luminal narrowing (“string sign”) and cobblestone pattern of the affected small intestines. B: Ulcerative colitis. Radio-
graph shows the “lead pipe” appearance of the affected transverse and descending colon. Note the small ulcerations 
extending from the colon lumen (arrows). (continued )

C. Venous Drainage
 ● The venous drainage of the ascending colon is to the ileocolic vein and right colic vein (ileocolic 

vein and right colic vein → superior mesenteric vein → portal vein → hepatic sinusoids → central 
veins → hepatic veins → inferior vena cava).

 ● The venous drainage of the proximal two-thirds of the transverse colon is to the middle colic 
vein (middle colic vein → superior mesenteric vein → portal vein → hepatic sinusoids → central 
veins → hepatic veins → inferior vena cava).

 ● The venous drainage of the distal one-third of the transverse colon is to the left colic vein and 
other unnamed veins (left colic vein and other unnamed veins → inferior mesenteric vein → portal 
vein→ hepatic sinusoids → central veins → hepatic veins → inferior vena cava).

 ● The venous drainage of the upper portion of the descending colon is to the left colic vein (left 
colic vein → inferior mesenteric vein → portal vein → hepatic sinusoids → central veins → hepatic 
veins → inferior vena cava).

 ● The venous drainage of the lower portion of the descending colon is to the sigmoid veins (sig-
moid veins → inferior mesenteric vein → portal vein → hepatic sinusoids → central veins → hepatic 
veins → inferior vena cava).

D. Innervation. See Section VIII

E. Clinical Considerations
 1. Crohn disease (CD) (Figure 11-5A) is a chronic inflammatory bowel disease that most com-

monly affects the ileum and involves an abundant accumulation of lymphocytes forming a granu-
loma (a typical feature of CD) within the submucosa that may further extend into the muscularis 
externa. Neutrophils infiltrate the intestinal glands and ultimately destroy them leading to ulcers. 
With progression of CD, the ulcers coalesce into long, serpentine ulcers (“linear ulcers”) ori-
ented along the long axis of the bowel. A classic feature of CD is the clear demarcation between 
diseased bowel segments located directly next to uninvolved normal bowel and a cobblestone 
appearance that can be seen grossly and radiographically. The etiology of CD is unknown. Clinical 
findings include intermittent bouts of diarrhea, weight loss, and weakness. Complications include 
strictures of the intestinal lumen, formation of fistulas, and perforation.

 2. Ulcerative colitis (Figure 11-5B) is a type of idiopathic inflammatory bowel disease. It always 
involves the rectum and extends proximally for varying distances. The inflammation is continuous, 
that is, there are no “skip areas” as in CD. The etiology of ulcerative colitis is unknown. Clinical 
signs include bloody diarrhea with mucus and pus, malaise, fever, weight loss, anemia, and may 
lead to toxic megacolon.
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VIII Innervation of the Large Intestine
The innervation of the large intestine is by the enteric nervous system which in the large intestine con-
sists of the submucosal plexus of Meissner and the myenteric plexus of Auerbach. The motor component of 
the submucosal plexus controls primarily mucosal and submucosal gland secretion and blood flow
whereas the sensory component consists of mucosal mechanosensitive neurons. The motor component 
of the myenteric plexus controls primarily GI motility (contraction/relaxation of GI smooth muscle)
whereas the sensory component consists of tension-sensitive neurons and chemosensitive neurons. 
The enteric nervous system is modulated by the parasympathetic and sympathetic nervous systems.

A. Parasympathetic
1. Proximal to the Splenic Flexure

● Preganglionic neuronal cell bodies are located in the dorsal nucleus of the vagus. Pregan-
glionic axons run in CN X and reach the large intestine proximal to the splenic flexure via the 
superior mesenteric nerve plexus.

● Postganglionic neuronal cell bodies are located in the enteric nervous system, some of which are 
the “traditional” postganglionic parasympathetic neurons that release ACh as a neurotransmitter.

● Postganglionic axons terminate on mucosal glands and smooth muscle.

 2. Distal to the Splenic Flexure, Rectum, Upper Anal Canal
● Preganglionic neuronal cell bodies are also located in the gray matter of the S2 to S4 spinal 

cord. Preganglionic axons form the pelvic splanchnic nerves and reach the large intestine 
distal to the splenic flexure via the inferior hypogastric plexus.

Comparison of Crohn Disease and Ulcerative Colitis
Crohn Disease Ulcerative Colitis

Epidemiology More common in whites vs. blacks
More common in Jews vs. non-Jews
More common in women
Affects young adults

More common in whites vs. blacks
No sex predilection
Affects young adults

Extent Transmural Mucosal and submucosal

Location Terminal ileum alone (30%)
Ileum and colon (50%)
Colon alone (20%)
Involves other areas of GI tract (mouth to anus)

Mainly the rectum
May extend into descending colon
May involve entire colon
Does not involve other areas of GI tract

Gross Features Thick bowel wall and narrow lumen (leads to obstruction)
Aphthous ulcers (early sign)
Skip lesions, strictures, and fistulas
Deep linear ulcers with cobblestone pattern
Fat creeping around the serosa

Inflammatory pseudopolyps
Areas of friable, bloody residual mucosa
Ulceration and hemorrhage

Microscopic 
Findings

Noncaseating granulomas
Lymphoid aggregates
Dysplasia or cancer less likely

Ulcers and intestinal gland abscesses 
with neutrophils

Dysplasia of cancer may be present

Clinical Findings Recurrent right lower quadrant colicky pain with 
diarrhea

Bleeding occurs with colon or anal involvement

Recurrent left-sided abdominal  
cramping with bloody diarrhea and 
mucus

Radiography “String” sign in terminal ileum due to luminal narrowing “Lead pipe” appearance in chronic state

Complications Fistulas, obstruction
Calcium oxalate renal calculi
Malabsorption due to bile deficiency
Macrocytic anemia due to vitamin B12 deficiency

Toxic megacolon
Primary sclerosing cholangitis
Adenocarcinoma

Figure 11-5  (Continued)
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 ● Postganglionic neuronal cell bodies are located in the enteric nervous system, some of  
which are the “traditional” postganglionic parasympathetic neurons that release ACh as a neu-
rotransmitter.

 ● Postganglionic axons terminate on mucosal glands and smooth muscle.

B. Sympathetic
1. Proximal to the Splenic Flexure

 ● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the 
spinal cord (T8 to T12). Preganglionic axons form the greater splanchnic nerve, lesser 
splanchnic nerve, and least splanchnic nerve.

 ● Postganglionic neuronal cell bodies are located in the celiac ganglion and superior mesen-
teric ganglion.

 ● Postganglionic axons reach the large intestine proximal to the splenic flexure via the superior 
mesenteric plexus and synapse in the complex circuitry of the enteric nervous system.

 2. Distal to the Splenic Flexure
 ● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the 

spinal cord (L1, L2). Preganglionic axons form the lumbar (L1, L2) splanchnic nerves.
 ● Postganglionic neuronal cell bodies are located in the inferior mesenteric ganglion.
 ● Postganglionic axons reach the large intestine distal to the splenic flexure via the inferior mes-

enteric plexus and synapse in the complex circuitry of the enteric nervous system.

 3. Rectum and Upper Anal Canal
 ● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the 

spinal cord (L2, L3). Preganglionic axons form the lumbar (L3, L4) splanchnic nerves.
 ● Postganglionic neuronal cell bodies are located in the superior hypogastric plexus.
 ● Postganglionic axons reach the rectum and upper anal canal via the rectal plexus and synapse 

in the complex circuitry of the enteric nervous system.

IX Appendix
A. General Features

 ● The appendix is an intraperitoneal (mesoappendix), narrow, muscular tube attached to the postero-
medial surface of the cecum.

 ● The appendix is located ≈2.5 cm below the ileocecal valve.
 ● The appendix may lie in the following positions: Retrocecal (65%), pelvis (32%), subcecal (2%), 

anterior juxta-ileal (1%), and posterior juxta-ileal (0.5%).

B. Arterial Supply
 ● The arterial supply of the appendix is from the appendicular artery (abdominal aorta → superior 

mesenteric artery → ileocolic artery → posterior cecal artery → appendicular artery).

C. Venous Drainage
 ● The venous drainage of the appendix is to the posterior cecal vein (posterior cecal vein → superior 

mesenteric vein → portal vein → hepatic sinusoids → central veins → hepatic veins → inferior vena cava).

D. Clinical Consideration.  Appendicitis begins with the obstruction of the appendix lumen 
with a fecal concretion (fecalith) and lymphoid hyperplasia followed by distention of the appendix. 
Clinical findings include initial pain in the umbilical or epigastric region (later pain localizes to the 
right lumbar region), nausea, vomiting, anorexia, tenderness to palpation, and percussion in the right 
lumbar region. Complications may include peritonitis due to rupture of the appendix. McBurney 
point is located by drawing a line from the right anterior superior iliac spine to the umbilicus. The 
midpoint of this line locates the root of the appendix. The appendix is suspended by the mesoap-
pendix (i.e., intraperitoneal) and is generally found in the retrocecal fossa (although its position is 
variable).
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Figure 11-6 Gallbladder and extrahepatic biliary ducts. A: The diagram (anterior view) shows the gallbladder and 
biliary tree. Note the termination of the bile duct at the hepatopancreatic ampulla along with the pancreatic duct. Note 
the three main sites of gallstone obstruction. A: Within the cystic duct, B: Within the bile duct, and C: At the hepato-
pancreatic ampulla. 1, 2, 3, 4: The four parts of the duodenum. B: Endoscopic retrograde cholangiograph (anterior view) 
shows the normal gallbladder and biliary tree. Note that the cystic duct normally lies on the right side of the common 
hepatic duct and joins it superior to the duodenal cap.

X Gallbladder
A. General Features

 ● The gallbladder is divided into the fundus (anterior portion), body, and the neck (posterior portion).
 ● A small pouch (Hartmann pouch) may extend from the neck as a sequela to pathologic changes and 

is a common site for gallstones to lodge.
 ● Rokitansky-Aschoff sinuses occur when the mucosa of the gallbladder penetrates deep into the mus-

cularis externa. They are an early indicator of pathologic changes (e.g., acute cholecystitis or gangrene).

B. Arterial Supply
 ● The arterial supply of the gallbladder is from the cystic artery (abdominal aorta → celiac trunk → 

common hepatic artery → proper hepatic artery → right hepatic artery → cystic artery).

C. Venous Drainage
 ● The venous drainage of the gallbladder is to the cystic vein (cystic vein → portal vein → hepatic 

sinusoids → central veins → hepatic veins → inferior vena cava).

D. Innervation
1. Parasympathetic

 ● Preganglionic neuronal cell bodies are located in the dorsal nucleus of the vagus. Pregangli-
onic axons run in CN X.

 ● Postganglionic neuronal cell bodies are located within the wall of the gallbladder.
 ● Postganglionic parasympathetic axons terminate on smooth muscle and stimulate gallblad-

der contraction.

 2. Sympathetic
 ● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the 

spinal cord (T5 to T9). Preganglionic axons form the greater splanchnic nerve.
 ● Postganglionic neuronal cell bodies are located in the celiac ganglion.
 ● Postganglionic axons terminate on smooth muscle and inhibit gallbladder contraction.
 ● Sensory nerve fibers for pain from the gallbladder travel with the greater thoracic splanchnic 

nerve to T7 to T10 spinal levels.

 3. Somatic
 ● Sensory neuronal cell bodies located in dorsal root ganglion (C3 to C5) of the right phrenic 

nerve send peripheral processes to the gallbladder. These sensory nerve fibers are probably 
responsible for the somatic referred pain associated with gallbladder disease.

XI Extrahepatic Biliary Ducts (Figure 11-6)

A. General Features
 ● The right and left hepatic ducts join together after leaving the liver to form the common hepatic 

duct.
 ● The common hepatic duct is joined at an acute angle by the cystic duct to form the bile duct.
 ● The cystic duct drains bile from the gallbladder. The mucosa of the cystic duct is arranged in a spiral 

fold with a core of smooth muscle known as the spiral valve (valve of Heister). The spiral valve 
keeps the cystic duct constantly open so that bile can flow freely in either direction.
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 ● The bile duct passes posterior to the pancreas and ends at the hepatopancreatic ampulla (ampulla 
of Vater) where it joins the pancreatic duct.

 ● The sphincter of Oddi is an area of thickened smooth muscle that surrounds the bile duct as it 
traverses the ampulla. The sphincter of Oddi controls bile flow (sympathetic innervation causes 
contraction of the sphincter).

B. Clinical Considerations. The term cholelithiasis refers to the presence or formation of gall-
stones either in the gallbladder (called cholecystolithiasis) or bile duct (called choledocholithiasis).

 1. Gallstones form when bile salts and lecithin are overwhelmed by cholesterol. Most stones consist 
of cholesterol (major component), bilirubin, and calcium. There are three main types of 
gallstones.
a. Cholesterol stones (Figure 11-7) are yellow, 

large, smooth, and composed mainly of cholesterol. 
These stones are associated with obesity, CD, cys-
tic fibrosis, clofibrate, estrogens, rapid weight loss, 
and the U.S. or native American population (4Fs: 
Female, fat, fertile, and over forty). The photograph 
shows a solitary cholesterol gallstone.

b. Pigment (bilirubin) stones (Figure 11-8) are 
brown or black, smooth, and composed mainly 
of bilirubin salts. These stones are associated with 
chronic RBC hemolysis (e.g., sickle cell anemia or 
spherocytosis), alcoholic cirrhosis, biliary infection, 
and the Asian population. The photograph shows a 
pigment gallstone embedded in a mucus gel.

c. Calcium bilirubinate stones are associated with infection and/or inflammation of the biliary tree.

 2. Gallstone Obstruction. There are three clinically important sites of gallstone obstruction as follows.
a. Within the cystic duct. A stone may transiently lodge within the cystic duct and cause pain 

(biliary colic) within the epigastric region due to the distention of the duct. If a stone becomes 
entrapped within the cystic duct, bile flow from the gallbladder will be obstructed resulting in 
inflammation of the gallbladder (acute cholecystitis) and pain will shift to the right hypochon-
driac region. Bile becomes concentrated and precipitates in the gallbladder forming a layer of high 
density material called “milk of calcium” bile due to large amount of calcium carbonate. Bile flow 
from the liver remains open (i.e., no jaundice). This may lead to Mirizzi syndrome where impac-
tion of a large gallstone in the cystic duct extrinsically obstructs the nearby common hepatic duct.

b. Within the bile duct. If a stone becomes entrapped within the bile duct, bile flow from both 
the gallbladder and liver will be obstructed resulting in inflammation of the gallbladder and 
liver. Jaundice is frequently observed and is first observed clinically under the tongue. The 
jaundice is moderate and fluctuates since a stone rarely causes complete blockage of the lumen.

c. At the hepatopancreatic ampulla. If a stone becomes entrapped at the ampulla, bile flow 
from both the gallbladder and liver will be obstructed. In addition, the pancreatic duct may be 
blocked. In this case, jaundice and pancreatitis are frequently observed.

Figure 11-7 Solitary cholesterol gall-
stone.

Figure 11-8 Pigment gallstone.
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XII Liver (Figure 11-9)

A. General Features
● The liver stroma begins as a thin connective tissue capsule called Glisson capsule that extends into 

the liver around the portal triads, around the periphery of a hepatic lobule, extends into the perisinu-
soidal space of Disse to surround hepatocytes, and then terminates around the central vein.

● The components of the porta hepatis are the following.
○ Bile duct
○ Portal vein
○ Hepatic artery
○ Lymphatic vessels
○ Hepatic nerves

B. Lobes of the Liver
● The liver is classically divided into the right lobe and left lobe by the interlobar fissure (an invis-

ible line running from the gallbladder to the IVC), quadrate lobe, and caudate lobe.
● The left lobe contains the falciform ligament (a derivative of the ventral mesentery) with the liga-

mentum teres (a remnant of the left umbilical vein) along its inferior border.
● The bare area of the liver is located on the diaphragmatic surface and is devoid of peritoneum.
● Liver segmentation. The right portal fissure, the main portal fissure, and the umbilical fissure 

divide the liver into four vertical divisions. Three of the four vertical divisions are further divided by 
the transverse portal plane into eight liver segments (I to VIII) each supplied by a tertiary branch of 
the portal triad. Liver segments I to VIII each has its own intrasegmental blood supply and biliary 
drainage.

C. Arterial Supply
● The arterial supply of the liver is from the right hepatic artery and left hepatic artery (abdominal 

aorta → celiac trunk → common hepatic artery → proper hepatic artery → right hepatic artery and 
left hepatic artery → hepatic sinusoids).

D. Portal Supply
● The portal supply of the liver is from the portal vein (superior mesenteric vein, inferior mesenteric 

vein, and splenic vein → portal vein → hepatic sinusoids).
● The portal vein is formed by the union of the splenic vein and superior mesenteric vein.
● The inferior mesenteric vein joins the splenic vein.
● The arterial blood and portal blood mix in the hepatic sinusoids.

E. Venous Drainage
● The venous drainage of the liver is to the central veins located at the center of a classic liver lobule 

(central veins → hepatic veins → inferior vena cava).

F. Innervation
● The exact function of both the parasympathetic and sympathetic innervations is unclear, except that 

sympathetics play a role in vasoconstriction.

G. Clinical Considerations
1. Liver biopsies are frequently performed by needle puncture through the right intercostal space 

8, 9, or, 10 when the patient has exhaled. The needle will pass through the following structures:  
Skin → superficial fascia → external oblique muscle → intercostal muscles → costal parietal pleura 
→ costodiaphragmatic recess → diaphragmatic parietal pleura → diaphragm → peritoneum.

 2. Surgical resection of the liver may be performed by removing one of the eight liver seg-
ments that have sustained injury or affected by a tumor. Hepatic veins may serve as surgical 
landmarks.
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Figure 11-9 Liver. A: This figure shows the diaphragmatic surface (anterior view) of the liver. B: This figure shows 
the visceral surface (posteroinferior view) of the liver. C: Liver segmentation. This figure shows the eight liver segments 
separated by the right portal fissure, main portal fissure, umbilical fissure, and transverse hepatic plane.
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XIII Pancreas (Figure 11-10)

A. General Features
 ● In the adult, the pancreas is a retroperitoneal organ that measures 15 to 20 cm in length and weighs 

about 85 to 120 g.
 ● The pancreas is both an exocrine gland and an endocrine gland.
 ● The pancreas consists of four parts as follows.

1. Head of the Pancreas
 ○ The head is the expanded part of the pancreas that lies in the concavity of the C-shaped curve of 

the duodenum and is firmly attached to the descending and horizontal parts of the duodenum.
 ○ The uncinate process is a projection from the inferior portion of the pancreatic head.
 ○ The structures that lie posterior to the head of the pancreas are the IVC, right renal artery, 

right renal vein, and the left renal vein.

2. Neck of the Pancreas
 ○ The structures that lie posterior to the neck of the pancreas are the confluence of the superior 

mesenteric vein and splenic vein to form the portal vein.

3. Body of the Pancreas
 ○ The structures that lie posterior to the body of the pancreas are the aorta, superior mesen-

teric artery, left suprarenal gland, left kidney, renal artery, and renal vein.

4. Tail of the Pancreas
 ○ The tail of the pancreas is related to the splenic hilum and the left colic flexure.

B. Arterial Supply. The arterial supply of the pancreas is from the following.
 ● Anterior and posterior superior pancreaticoduodenal arteries which supply the head and neck 

of the pancreas (abdominal aorta → celiac trunk → common hepatic artery → gastroduodenal artery 
→ anterior and posterior superior pancreaticoduodenal arteries).

 ● Anterior and posterior inferior pancreaticoduodenal arteries which supply the head and neck 
of the pancreas (abdominal aorta → superior mesenteric artery → anterior and posterior inferior 
pancreaticoduodenal arteries).

 ● Dorsal pancreatic artery which supplies the body and tail of the pancreas (abdominal aorta →
celiac trunk → splenic artery → dorsal pancreatic artery).

 ● Great pancreatic artery which supplies the body and tail of the pancreas (abdominal aorta → celiac 
trunk → splenic artery → great pancreatic artery).

 ● Caudal pancreatic arteries which supply the body and tail of the pancreas (abdominal aorta → 
celiac trunk → splenic artery → caudal pancreatic arteries).

C. Venous Drainage. The venous drainage of the pancreas is to the following.
 ● Splenic vein (splenic vein → portal vein → hepatic sinusoids → central veins → hepatic veins → 

inferior vena cava).
 ● Superior mesenteric vein (superior mesenteric vein → portal vein → hepatic sinusoids → central 

veins → hepatic veins → inferior vena cava).
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D. Innervation
 1. Parasympathetic

 ● Preganglionic neuronal cell bodies are located in the dorsal nucleus of the vagus. Pregangli-
onic axons run in CN X.

 ● Postganglionic neuronal cell bodies are located within and/or nearby the pancreas.
 ● The postganglionic axons terminate on pancreatic acinar cells and ductal epithelium. Parasym-

pathetics stimulate pancreatic secretion of pancreatic enzymes and pancreatic juice.

 2. Sympathetic
 ● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the 

spinal cord (T5 to T9). Preganglionic axons form the greater splanchnic nerve.
 ● Postganglionic neuronal cell bodies are located in the celiac ganglion.
 ● Postganglionic axons terminate on pancreatic acinar cells, ductal epithelium, and smooth muscle 

of blood vessels. Sympathetics inhibit pancreatic secretion probably by reducing blood flow.

E. Clinical Consideration: Annular Pancreas 
(Figure 11-11).  An annular pancreas occurs when the ven-
tral pancreatic bud fuses with the dorsal bud both dorsally 
and ventrally, thereby forming a ring of pancreatic tissue 
around the duodenum causing severe duodenal obstruction 
noticed shortly after birth. Newborns and infants are intolerant 
of oral feeding and often have bilious vomiting. Radiographic 
evidence of an annular pancreas is indicated by a duodenal 
obstruction where a “double bubble” sign is often seen due to 
dilation of the stomach and distal duodenum. The barium con-
trast radiograph shows partial duodenal obstruction consistent 
with an annular pancreas.

Figure 11-11 Annular pancreas.

Figure 11-10 Pancreas. A: Photograph of a gross specimen of the pancreas. B: Diagram of the duct system of 
the pancreas.
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A B

AB = abdominal aorta
AG = adrenal gland
AZ = azygos vein
BS = body of the stomach
ES = erector spinae muscle
IVC = inferior vena cava
K = kidney
LC = left crus of the diaphragm

LD = latissimus dorsi
LL = left lobe of liver
OF = oblique fissure
PEC = peritoneal cavity
RC = right crus of the diaphragm
RL = right lobe of the liver
SA = serratus anterior
SP = spleen
TC = transverse colon

Figure 11-12 A CT scan at about T12 where the portal triad is located. A: A schematic to show where the cross-
section was taken. B: A CT scan. Note the various structures as indicated by the key. In addition, note the psoas major 
and quadratus lumborum muscles along the sides of the vertebral body. The right and left lobes of the liver are shown 
in their relationship to the portal vein, common hepatic artery, and IVC. The right adrenal gland lies posterolateral to the 
IVC. The left adrenal gland lies between the body of the stomach and the abdominal aorta.

XIV Cross-sectional Anatomy
A. At About T12 Where the Portal Triad is Located (Figure 11-12)
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B. At the Level of the Gallbladder (Figure 11-13)

A B

AB = abdominal aorta
AG = adrenal gland
BS = body of the stomach
D1 = first part of the duodenum
D4 = fourth part of the duodenum
ES = erector spinae muscle
FL = falciform ligament
FT = fat
GB = gallbladder
IVC = inferior vena cava
J = jejunum

K = kidney
LC = left crus of the diaphragm
LL = left lobe of the liver
PA = pyloric antrum of the stomach
PV = portal vein
P2 = body of the pancreas
P3 = tail of the pancreas
RC = right crus of the diaphragm
RL = right lobe of the liver
SMA = superior mesenteric artery
TC = transverse colon
TZ = ligament of Treitz

Figure 11-13 A CT scan at the level of the gallbladder. A: A schematic to show where the cross-section was taken. 
B: A CT scan. Note the various structures as indicated by the key. The second part of the duodenum is adjacent to the 
head of the pancreas. The body of the pancreas extends to the left posterior to the stomach. The tail of the pancreas 
reaches the spleen. The uncinate process of the pancreas lies posterior to the superior mesenteric artery. The gallbladder 
lies between the right and left lobes of the liver just to the right of the antrum of the stomach. The abdominal aorta (AB) 
lies posterior to the body of the pancreas (P2). Note the location of the adrenal gland (AG). A large mass in this area is 
indicative of a pheochromocytoma or neuroblastoma both of which are associated with the adrenal medulla.
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C. At the Level of the Hilum of the Kidneys (Figure 11-14)

A B

AB = abdominal aorta
AC = ascending colon
BS = body of the stomach
CX = minor renal calyx
DC = descending colon
D2 = second part of the duodenum
ES = erector spinae muscle
IVC = inferior vena cava
J = jejunum

K = kidney
P1 = head of the pancreas
PM = psoas major muscle
QL = quadratus lumborum muscle
RL = right lobe of the liver
RP = renal pelvis
SMA = superior mesenteric artery
SMV = superior mesenteric vein
TC = transverse colon

Figure 11-14 A CT scan at the level of the hilum of the kidney. A: A schematic to show where the cross-section 
was taken. B: A CT scan. Note the various structures as indicated by the key. The IVC and the abdominal aorta lie side by 
side as both vessels pass posterior to the pancreas. The second part of the duodenum contacts the right kidney and the 
right lobe of the liver. The left renal vein lies anterior to the renal artery.
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Figure 11-15 Stomach and small intestine. A: Radiograph of the stomach and small intestines after a barium meal. 
Note the structures indicated. Note the barium-filled stomach, duodenal cap, duodenal C-loop, feathered jejunum in the 
upper portion and left side of the abdomen, and the relatively formless mucosa of the ileum in the lower portion and right 
side of the abdomen. The terminal ileum (arrows) entering the cecum is shown. B: Radiograph after a barium enema.

A = ascending colon
C = cecum
D = descending colon
DC = duodenal cap
DL = duodenal C-loop
G = sigmoid colon
H =  hepatic or right 

colic flexure

IL = Ileum
Je = jejunum
R = rectum
S = splenic or left colic flexure
St = stomach
T = transverse colon
U = haustra

XV Radiology
A. Radiograph of the Stomach and Small Intestines After a Barium Meal

(Figure 11-15A)

B. AP Radiograph of the Large Intestine After a Barium Enema (Figure 11-15B)
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Case Study
A 25-year-old woman comes to your office complaining that “I have pain on the right side of my abdomen 
down low and sometimes the pain moves to my belly button. It just started last night.” She also tells you 
that “the pain feels like cramps, I am nauseated and feel like I am going to vomit, I have a fever, and I get 
chills.” After some discussion, she tells you that she is sexually active, had her last menstrual period 3 weeks 
ago, and has not noticed any vaginal discharge or bleeding. She has a past medical history of endometriosis 
and irritable bowel syndrome. She also has had surgery to repair a direct inguinal hernia in the recent past.

Relevant Physical Examination Findings
 ● Heart rate = 92 bpm

 ● Blood pressure = 130/90 mm Hg

 ● Temperature = 102.5 °F

 ● Tenderness in right and left lower abdominal quadrants

 ● Guarding and rebound tenderness in right lower abdominal quadrant at the McBurney point

 ● Positive psoas and obturator signs

 ● No tenderness in right upper abdominal quadrant

 ● Pelvic examination unremarkable

Relevant Laboratory Findings
 ● WBCs = 22.5 × 109/L (moderately high) with a left shift (85% neutrophils)

 ● Amylase and lipase levels normal

 ● β-hCG = negative

 ● Cervical culture = negative

Diagnosis
Acute Appendicitis

 ● Acute appendicitis occurs when the appendix is obstructed by a fecalith, a foreign body, inflammation, or 
a tumor which results in increased intraluminal pressure, engorgement, infection, and thrombosis of the 
blood vessels in the walls of the appendix.

 ● Acute appendicitis presents with colicky or crampy periumbilical pain which migrates to the lower right 
abdominal quadrant (i.e., McBurney point) within 12 hours; pain is reproduced when the patient coughs; 
anorexia; nausea; vomiting; constipation; positive psoas and obturator signs which are indicative of peri-
toneal irritation; and moderate leukocytosis.

 ● When a woman of child-bearing age presents with abdominal complaints, it is imperative to rule out an 
ectopic pregnancy. Ectopic pregnancy presents with abdominal pain and cramping; β-hCG is positive; 
pelvic examination reveals cervical motion tenderness; uterine bleeding; and shock.

 ● Endometriosis presents with abdominal pain that coincides with menstruation; as the disease progresses, 
the pain may occur at any time during the menstrual cycle.

 ● CD and ulcerative colitis present with symptoms similar to appendicitis but usually associated with diar-
rhea.

 ● Pelvic inflammatory disease (PID) is most commonly caused by Neisseria gonorrhoeae and Chlamydia tra-
chomatis and risk factors include a previous PID, multiple sex partners, use of intrauterine contraceptive 
device (IUD), history of sexually transmitted diseases, and nulliparity. PID presents with lower abdominal 
pain, fever, abnormal cervical or vaginal discharge, uterine bleeding, cervical motion tenderness, and 
adnexal tenderness.
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Case Study
A 50-year-old man is brought into the emergency room in the early morning by his son. The man says that “I 
woke up from my sleep with a lot of pain in the abdomen. The pain is like a broad band across my stomach 
and goes all the way to my back.” He also tells you that “the pain was real bad when I was laying down in 
the bed but when I sat up in bed the pain decreased a lot.” He has no fever, no chills, or diarrhea. He also 
complains that during the past week he had intermittent pain in the abdomen (“it felt like I had a lot of gas 
and I felt like I had to belch”). After some discussion, he informs you that he is an alcoholic and drinks six 
beers per day and a half pint of whiskey per day. He takes an NSAID every morning for his hangover.

Relevant Physical Examination Findings
 ● Heart rate = 87 bpm

 ● Blood pressure = 110/65 mm Hg

 ● Temperature = 95.7 °F

 ● The man is sweating (diaphoretic) and writhing around in the gurney

 ● No jaundice is apparent (sclera of the eyes are white)

 ● Heart examination unremarkable

 ● Lungs are clear to auscultation

 ● Tenderness in the epigastric and bilateral upper quadrants of the abdomen

 ● Guarding and rebound tenderness apparent

Relevant Laboratory Findings
 ● AP chest radiograph is normal with no air visualized under the diaphragm

 ● Abdominal ultrasound shows no signs of gallstones

 ● ECG = normal

 ● CBC = normal

 ● Hepatic panel, lipase, and troponin = normal

 ● CT scan shows air underneath the diaphragm and fluid in the region of the distal antrum of the stomach

Diagnosis
Perforated Peptic Ulcer

 ● Uncomplicated peptic ulcer disease (PUD) is highly prevalent in the United States. There are ∼500,000 
new cases per year and ∼4 million recurrences per year.

 ● After H. pylori infection, the abuse of NSAIDs is the next most common cause of PUD.

 ● Perforation of a peptic or duodenal ulcer into the peritoneal cavity is associated with significant morbidity 
and mortality.

 ● The majority of perforated duodenal ulcers involve the anterior wall of the duodenal cap.

 ● With the presentation of epigastric pain, there is a broad range of differential diagnoses that need to be 
considered which include acute coronary syndrome, aortic dissection, gallbladder disease, acute hepati-
tis, acute cholangitis, acute pancreatitis, acute appendicitis (may present initially with upper abdominal 
pain), and pneumonia.



129

C H A P T E R  1 2

Sigmoid Colon, Rectum, 
and Anal Canal

I Sigmoid Colon (Figure 12-1)

A. General Features
 ● The sigmoid colon is a segment of the large intestine which lies between the descending colon and rectum.
 ● The sigmoid colon begins at vertebral level S1 (i.e., the sacral promontory or pelvic inlet) and ends 

at vertebral level S3 (i.e., the rectosigmoid junction)

Figure 12-1 Sagittal view of the male pelvis. The sigmoid colon (SC) extends from vertebral level S1 to S3 sus-
pended by the sigmoid mesocolon (M) and ends at the rectosigmoid junction (dotted line). The rectum (R) and ampulla 
of the rectum (AMP) are shown along with the transverse rectal folds (TF) (Houston valves). The rectum ends at the 
anorectal junction (dotted line) at the tip of the coccyx where the puborectalis muscle (PR) maintains a perineal flexure of 
90 degrees. The anal canal is divided into the upper anal canal (U) and lower anal canal (L) by the pectinate line. TC, teniae 
coli; RV, rectovesical pouch; B, urinary bladder; T, testes; PC, peritoneal cavity; RA, rectus abdominis muscle.
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 ● At the rectosigmoid junction, the teniae coli which are longitudinal bands of smooth muscle char-
acteristic of the large intestine spread out to form a circumferentially continuous layer of longitudinal 
smooth muscle of the rectum and the appendices epiploicae are discontinued.

 ● The sigmoid colon is highly variable in both position and shape.
 ● Since the segmental contractions in the rectum are more active than in the sigmoid colon, fecal mass 

tends to accumulate in the sigmoid colon.
 ● The sigmoid colon is suspended by the sigmoid mesocolon (i.e., intraperitoneal).
 ● The left ureter and left common iliac artery lie at the apex of the sigmoid mesocolon.

B. Arterial Supply
 ● The arterial supply of the sigmoid colon is from the sigmoid arteries (abdominal aorta → inferior 

mesenteric artery → sigmoid arteries).

C. Venous Drainage
 ● The venous drainage of the sigmoid colon is to the sigmoid veins (sigmoid veins → inferior mesen-

teric vein → portal vein → hepatic sinusoids → central veins → hepatic veins → inferior vena cava).

D. Innervation. See Chapter 11 VIII

E. Clinical Considerations
 1. Colonic aganglionosis (Hirschsprung disease) 

(Figure 12-2) is caused by the arrest of the caudal 
migration of neural crest cells. The hallmark is the 
absence of ganglionic cells in the myenteric and sub-
mucosal plexuses most commonly in the sigmoid 
colon and rectum resulting in a narrow segment of 
colon (i.e., the colon fails to relax). Although the 
ganglionic cells are absent, there is a proliferation of 
hypertrophied nerve fiber bundles. The most char-
acteristic functional finding is the failure of internal 
anal sphincter to relax following rectal distention  
(i.e., abnormal rectoanal reflex). Mutations of the 
rearranged during transfection (RET) proto-
oncogene (chromosome 10q.11.2) have been asso-
ciated with Hirschsprung disease. Clinical findings 
include a distended abdomen, inability to pass meco-
nium, gushing of fecal material upon a rectal digital 
examination, fecal retention, and a loss of peristalsis 
in the colon segment distal to the normal innervated 
colon. The barium radiograph shows a narrowed rec-
tum and a classic transition zone (arrows). The upper 
segment (*) of normal colon is distended with fecal 
material. The distal segment (**) of the colon is nar-
row and is the portion of colon where the myenteric 
plexus of ganglion cells is absent.

Figure 12-2 Hirschsprung disease.

*
**
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 2. Diverticulosis (Figure 12-3) is the presence of diver-
ticula (abnormal pouches or sacs) most commonly 
found in the sigmoid colon in patients >60 years of 
age. It is associated with a low-fiber, modern West-
ern world diet. Perforation and/or inflammation of the 
diverticula results in diverticulitis. Clinical findings 
include pain in left lumbar region, palpable inflam-
matory mass in left lumbar region, fever, leukocytosis, 
ileus, and peritonitis. The postevacuation barium 
radiograph shows numerous small outpouchings or 
diverticula (arrows) from the colonic lumen. These 
diverticula are filled with barium and fecal material. 
Note the hernia (H) on the right.

 3. Flexible sigmoidoscopy permits examination of the sigmoid colon and rectum. During sigmoid-
oscopy, the large intestine may be punctured if the angle at the rectosigmoid junction is not negotiated 
properly. At the rectosigmoid junction, the sigmoid colon bends in an anterior direction and to the 
left. During sigmoidoscopy, the transverse rectal folds (Houston valves) must be negotiated also.

 4. Colostomy. The sigmoid colon is often used in a colostomy due to the mobility rendered by 
the sigmoid mesocolon (mesentery). An ostomy is an intestinal diversion that brings out a por-
tion of the GI tract through the rectus abdominis muscle. A colostomy may ablate the pelvic 
nerve plexus which results in loss of ejaculation, loss of erection, urinary bladder retention, and 
decreased peristalsis in remaining colon.

II Rectum
A. General Features

 ● The rectum is a segment of the large intestine which lies between the sigmoid colon and the anal canal.
 ● The rectum begins at vertebral level S3 and ends at the tip of the coccyx (i.e., the anorectal junction) 

where the puborectalis muscle forms a U-shaped sling causing an 80-degree perineal flexure.
 ● The ampulla of the rectum is a dilated portion of the rectum that lies just above the pelvic diaphragm.
 ● The rectum is normally empty or nearly so of fecal mass. When mass movement contractions occur in 

the sigmoid colon, fecal mass moves into the rectum. When the fecal mass distends the rectum to >25% 
of its capacity, a reflexive relaxation of the internal anal sphincter and a reflexive contraction of the 
external anal sphincter occurs (called the retrosphincteric reflex). This generates the urge to defecate.

 ● The rectum contains three transverse rectal folds (Houston valves) formed by the mucosa, sub-
mucosa, and inner circular layer of smooth muscle that permanently extend into the lumen of the 
rectum to support the fecal mass.

B. Arterial Supply. The arterial supply of the rectum is from the following.
 ● Superior rectal artery (abdominal aorta → inferior mesenteric artery → superior rectal artery)
 ● Middle rectal artery (abdominal aorta → common iliac artery → internal iliac artery → middle 

rectal artery)
 ● Inferior rectal artery (abdominal aorta → common iliac artery → internal iliac artery → internal 

pudendal artery → inferior rectal artery)

C. Venous Drainage. The venous drainage of the rectum is to the following.
 ● Superior rectal vein (superior rectal vein → inferior mesenteric vein → portal vein → hepatic 

sinusoids → central veins → hepatic veins → inferior vena cava)
 ● Middle rectal vein (middle rectal vein → internal iliac vein → common iliac vein → inferior vena cava)
 ● Inferior rectal vein (inferior rectal vein → internal pudendal vein → internal iliac vein → common 

iliac vein → inferior vena cava)

D. Innervation. See Chapter 11 VIII

Figure 12-3 Diverticulosis.
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E. Clinical Consideration. Rectal prolapse is the protrusion of the full thickness of the rectum
through the anus (should be distinguished from mucosal prolapse which is the protrusion of only the 
rectal mucosa through the anus). Clinical findings include bowel protruding through anus, bleeding, 
anal pain, mucous discharge, and anal incontinence caused by stretching of the internal and external 
anal sphincters or stretch injury to the pudendal nerve.

III Anal Canal (Figure 12-4)

A. General Features. The entire anal canal is ≈4 cm long which extends from the rectum at the 
anorectal junction to the surface of the body at the anus. The anal canal is divided into the upper anal 
canal and lower anal canal by the pectinate line.

 1. Upper Anal Canal
 ● The upper anal canal extends from the anorectal junction (perineal flexure) to the pectinate line.
 ● The mucosa of the upper anal canal is thrown into longitudinal folds called the anal columns 

(of Morgagni). The base of the anal columns defines the pectinate line.
 ● At the base of the anal columns are folds of tissue called the anal valves. Behind the anal valves 

are small, blind pouches called the anal sinuses into which anal glands open.
 ● The upper anal canal is predominately surrounded by the internal anal sphincter which is a con-

tinuation of smooth muscle from the rectum with involuntary control via autonomic innervation.

 2. Lower Anal Canal
 ● The lower anal canal extends from the pectinate line to the anal verge (the point at which 

perianal skin begins).
 ● The lower anal canal is predominately surrounded by external anal sphincter which is stri-

ated muscle under voluntary control via the pudendal nerve.

B. Arterial Supply
 ● The arterial supply of the upper anal canal is from the superior rectal artery (abdominal aorta → 

inferior mesenteric artery → superior rectal artery).
 ● The arterial supply of the lower anal canal is from the inferior rectal artery (abdominal aorta 

→ common iliac artery → internal iliac artery → internal pudendal artery → inferior rectal artery).
 ● The middle rectal artery (abdominal aorta → common iliac artery → internal iliac artery → middle 

rectal artery) forms an anastomosis with the superior and inferior rectal arteries.

C. Venous Drainage
 ● The venous drainage of the upper anal canal is to the superior rectal vein (superior rectal vein 

→ inferior mesenteric vein → portal vein → hepatic sinusoids → central veins → hepatic veins → 
inferior vena cava).

 ● The venous drainage of the lower anal canal is to the inferior rectal vein (inferior rectal vein → 
internal pudendal vein → internal iliac vein → common iliac vein → inferior vena cava).

D. Innervation
 ● The innervation of the upper anal canal is via the autonomic nervous system (parasympathetic 

and sympathetic nervous systems) such that the internal anal sphincter is under autonomic, nonvol-
untary control and sensation is limited to stretch sensation. See Chapter 11 VIII.

 ● The innervation of the lower anal canal is via the somatic nervous system by the pudendal 
nerve such that the external anal sphincter is under voluntary control and sensation is expanded to 
pain, temperature, and touch.

E. Clinical Considerations
1. Internal hemorrhoids are varicosities of the superior rectal veins. They are located above the pec-

tinate line and are covered by rectal mucosa. Clinical findings include bleeding, mucus discharge, 
prolapse, pruritus, and painless.

 2. External hemorrhoids are varicosities of the inferior rectal veins. They are located below the pec-
tinate line near the anal verge and are covered by skin. Clinical findings include bleeding, swelling, 
and pain.
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IV Defecation Reflex. Sensory impulses from pressure-sensitive receptors within 
the ampulla of the rectum travel to sacral spinal cord levels when feces are present. Motor impulses 
travel with the pelvic splanchnic nerves (parasympathetics; S2 to S4) which increase peristalsis 
and relax the internal anal sphincter. If the external anal sphincter and puborectalis muscle are 
also relaxed, defecation takes place with the help of contraction of the anterior abdominal wall 
muscles and closure of the glottis. If the external anal sphincter and puborectalis muscle are 
voluntary contracted via the pudendal nerve, defecation is delayed and the feces move back 
into the sigmoid colon for storage. The hypogastric plexus and lumbar splanchnic nerves 
(sympathetics) decrease peristalsis and maintain tone of the internal anal sphincter.

Figure 12-4 Diagram of the anal canal. Note the following structures. AC, anal columns; AV, anal verge; PL, pectinate 
line; IS, internal anal sphincter; ES, external anal sphincter; AMP, ampulla of the rectum; PR, puborectalis muscle.

AMP

AC

Upper

Lower

AV

PL

PR

IS

ES

Feature Upper Anal Canal Lower Anal Canal

Arterial supply Superior rectal artery (branch of inferior 
mesenteric artery)

Inferior rectal artery (branch of internal 
pudendal artery)

Venous drainage Superior rectal vein → inferior mesenteric 
vein → hepatic portal system

Inferior rectal vein → internal pudendal 
vein → internal iliac vein → IVC

Lymphatic drainage Deep nodes Superficial inguinal nodes

Innervation Motor: Autonomic innervation of internal 
anal sphincter (smooth muscle)

Sensory: Stretch sensation; no pain sensation

Motor: Somatic innervation (pudendal nerve) 
of external anal sphincter (striated muscle)

Sensory: Pain, temperature, touch sensation

Embryologic derivation Endoderm (hindgut) Ectoderm (proctodeum)

Epithelium Simple columnar Stratified squamous non-keratinized

Tumors Palpable enlarged superficial nodes will 
NOT be found

Patients do NOT complain of pain

Palpable enlarged superficial nodes will 
be found

Patients do complain of pain

Hemorrhoids Internal hemorrhoids (varicosities of  
superior rectal veins)

Covered by rectal mucosa
Patients do NOT complain of pain

External hemorrhoids (varicosities of 
inferior rectal veins)

Covered by skin
Patients do complain of pain
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Figure 12-5 Radiology. A: AP barium radiograph shows the sigmoid colon (SC), rectum (R), and ampulla of the rec-
tum (AMP). B: A lateral barium radiograph shows the sigmoid colon (SC), rectosigmoid junction (dotted line), rectum (R), 
ampulla of the rectum (AMP), and perineal flexure (PF).

V Radiology
A. Anteroposterior (AP) Barium Radiograph (Figure 12-5A)

B. Lateral Barium Radiograph (Figure 12-5B)
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Spleen

 I General Features (Figure 13-1)

 ● The spleen is located in the left hypochondriac region anterior to the 9th, 10th, and 11th ribs which 
puts the spleen in jeopardy in the case of rib fractures.

 ● The spleen does not extend below the costal margin and therefore is not palpable unless spleno-
megaly is present.

 ● The spleen is attached to the stomach by the gastrosplenic ligament which contains the short 
gastric arteries and veins and the left gastroepiploic artery and vein.

 ● The spleen is attached to the kidney by the splenorenal ligament which contains the five terminal 
branches of the splenic artery, tributaries of the splenic vein, and the tail of the pancreas.

 ● Accessory spleens occur in 20% of the population and are commonly located near the hilum, tail 
of the pancreas, or within the gastrosplenic ligament.

 ● The functions of the spleen include removal of old or abnormal red blood cells (RBCs), removal of 
inclusion bodies from RBCs [e.g., Howell-Jolly bodies (nuclear remnants), Pappenheimer bodies
(iron granules), Heinz bodies (denatured hemoglobin)], removal of poorly opsonized pathogens, 
IgM production by plasma cells, storage of platelets, and protection from infection.

 II Arterial Supply
 ● The arterial supply is from the splenic artery (the largest branch of the celiac trunk) which gives 

off the following branches: Dorsal pancreatic artery, great pancreatic artery, caudal pancreatic 
arteries, short gastric arteries, left gastroepiploic artery, and ends with about five terminal 
branches.

 ● The five terminal branches of the splenic artery supply individual segments of the spleen with no 
anastomosis between them (i.e., end arteries) so that obstruction or ligation of any terminal branch 
will result in splenic infarction (i.e., the spleen is very prone to infarction).

 ● Splenic artery aneurysms show a particularly high incidence of rupture in pregnant women such 
that these aneurysms should be resected in women of childbearing age.

 III Venous Drainage
 ● The venous drainage is to the splenic vein via tributaries.
 ● The splenic vein joins the superior mesenteric vein to form the portal vein.
 ● The inferior mesenteric vein usually joins the splenic vein.
 ● Splenic vein thrombosis is most commonly associated with pancreatitis and shows the following 

clinical signs: Gastric varices and upper gastrointestinal bleeding.
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 IV Clinical Considerations
A. Splenectomy is the surgical removal of the spleen. Nearby anatomical structures may be injured 

during a splenectomy which include the gastric wall (stomach) if the short gastric arteries are com-
promised, tail of pancreas if the caudal pancreatic arteries are compromised or during manipulation 
of the splenorenal ligament, and left kidney during manipulation of the splenorenal ligament. The 
most common complication of a splenectomy is atelectasis of the left lower lobe of the lung. 

Figure 13-1 Spleen. A: Diagram of arterial [v4]supply of the spleen. The splenic artery is the largest branch of the 
celiac trunk. B: Diagram of visceral surface (inferomedial view) of the spleen. The gastrosplenic ligament and spleno-
renal ligament are shown along with the structures they contain. Note the association of the tail of the pancreas and  
the spleen.
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Thrombocytosis (i.e., increased number of platelets within the blood) is common postoperatively such 
that anticoagulation therapy may be necessary to prevent spontaneous thrombosis. Abnormal RBCs with 
bizarre shapes, some of which contain Howell-Jolly bodies (nuclear remnants), are found in the blood 
postoperatively.

B. Splenic Vein Thrombosis most commonly is associated with pancreatitis and is one of the 
causes of splenomegaly. Clinical signs include gastric varices and upper gastrointestinal bleeding.

C. Splenomegaly. The causes of splenomegaly include autoimmune disease (e.g., systemic lupus 
erythematosus, rheumatoid arthritis), infectious disease (e.g., mononucleosis, visceral leishmaniasis), 
infiltrative disease (e.g., lysosomal storage disease, leukemias), extramedullary hematopoiesis (e.g., 
myeloproliferative diseases like myelofibrosis and myeloid metaplasia), and vascular congestion (portal 
hypertension in cirrhosis). In the United States, myeloproliferative disease and lymphoid malignancies 
(e.g., chronic lymphocytic leukemia) are the most common causes of massive splenomegaly.

D. Splenic Infarct (Figure 13-2). An infarction is a 
process by which coagulating necrosis develops in an area 
distal to the occlusion of an end artery. The necrotic tissue 
or zone is called an infarct. The CT scan shows multiple 
wedge-shaped areas of diminished contrast enhancement in 
the spleen representing multiple areas of embolic infarction 
(arrows).

 V Radiology (Figure 13-2)

A. CT Scan at the Level of the Liver and Spleen (Figure 13-3) 

 Figure 13-2 Splenic infarction.

Figure 13-3 CT scan at the level of the liver and spleen.
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Kidney, Ureter, Bladder, 
and Urethra
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Figure 14-1 External and internal anatomy of the kidney. A: This figure (anterior view) shows the external 
anatomy of the right kidney. B: This figure (anterior view, coronal section) shows the internal anatomy of the kidney.

I  General Features (Figure 14-1)

 ● The kidneys are retroperitoneal organs that lie on the ventral surface of the quadratus lumborum 
muscle and lateral to the psoas muscle and vertebral column.

 ● The kidneys are directly covered by a fibrous capsule called the renal capsule (or true capsule)
which can be readily stripped from the surface of the kidney except in some pathologic conditions 
where it is strongly adherent due to scarring.
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 ● The kidneys are further surrounded by the perirenal fascia of Gerota (or false capsule) which is 
important in staging renal cell carcinoma. The perirenal fascia of Gerota defines the perirenal space
that contains the kidney, adrenal gland, ureter, gonadal artery and vein, and perirenal fat.

 ● Any fat located outside the perirenal space is called pararenal fat which is most abundant postero-
laterally.

 ● At the concave medial margin of each kidney is a vertical cleft called the renal hilum where the fol-
lowing anatomical structures are arranged in an anterior to posterior direction: Renal vein (most 
anterior) → renal artery → renal pelvis (most posterior).

 ● The renal hilum is continuous with a space called the renal sinus that contains the renal pelvis, 
major and minor calyces, renal blood vessels, nerves, lymphatics, and a variable amount of fat.

II Kidney Surface Projections
A. Left Kidney

 ● The upper pole of the left kidney is located at about vertebral level T11. The left kidney is higher 
than the right kidney.

 ● The left kidney is related to rib 11 and rib 12.
 ● The renal hilum of the left kidney lies 5 cm from the median plane along the transpyloric plane 

(which passes through vertebral level L1).

B. Right Kidney
 ● The upper pole of the right kidney is located at about vertebral level T12. The right kidney is 

lower than the left kidney due to the presence of the liver on the right side.
 ● The right kidney is related to rib 12.
 ● The renal hilum of the right kidney lies 5 cm from the median plane just below the transpyloric plane 

(which passes through vertebral level L1).

III Internal Macroscopic Anatomy of the Kidney. A coronal section 
through the kidney reveals the following macroscopic structures.

A. Renal Cortex
 ● The renal cortex lies under the renal capsule and also extends between the renal pyramids as the 

renal columns of Bertin.
 ● The renal cortex may be divided into the cortical labyrinth and the medullary rays.

B. Renal Medulla
 ● The renal medulla is composed of 5 to 11 renal pyramids of Malpighi whose tips terminate as 

5 to 11 renal papillae. The base of a renal pyramid abuts the renal cortex whereas the tip of a renal 
pyramid (i.e., the renal papillae) abuts a minor calyx.

 ● The renal medulla may be divided into the outer medulla and inner medulla.
 ● The papillary ducts of Bellini open onto the surface of the renal papillae at the area cribrosa.

C. 5 to 11 Minor Calyces
 ● The minor calyces are cup-shaped structures that abut the renal papillae.
 ● Each minor calyx may receive 1 to 3 renal papillae.

D. 2 to 3 Major Calyces
 ● The major calyces are continuous with the minor calyces.

E. Renal Pelvis
 ● The renal pelvis is continuous with the major calyces.
 ● The renal pelvis tapers inferomedially as it traverses the renal hilum to become continuous with the 

ureter at the ureteropelvic junction.
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IV Arterial Supply (Figure 14-2)

A. Renal Artery
 ● The abdominal aorta branches between vertebral level L1 to L2 into the right renal artery and left 

renal artery.
 ● The longer right renal artery passes posterior to the inferior vena cava (IVC) on its path to the right 

kidney.
 ● Each renal artery gives rise to the inferior suprarenal arteries.
 ● Near the renal hilum, each renal artery divides into an anterior division and posterior division.
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Figure 14-2 Kidney segments and segmental arteries. A: This figure shows the five kidney segments and the five 
segmental arteries. The numbers in parentheses identify arteries in the arteriogram in (B). B: This renal arteriogram shows 
the five segmental arteries.
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B. Anterior and Posterior Divisions
 ● The anterior division branches into four anterior segmental arteries which supply anterior seg-

ments of the kidney called the apical segmental artery, anterosuperior segmental artery, 
anteroinferior segmental artery, and inferior segmental artery.

 ● The posterior division continues as the posterior segmental artery which supplies the posterior 
segment of the kidney.

C. Segmental Arteries
 ● The segmental arteries are end arteries (i.e., they do not anastomose) and are distributed to various 

segments of the kidney. Segmental arteries have the following clinical importance.
 ○ Since there is very little collateral circulation between segmental arteries (i.e., end arteries), an 

avascular line (Brodel white line) is created between anterior and posterior segments such that 
a longitudinal incision through the kidney will produce minimal bleeding. This approach is useful 
for surgical removal of renal (staghorn) calculi.

 ○ Ligation of a segmental artery results in necrosis of the entire segment of the kidney.
 ○ Supernumerary (or aberrant) segmental arteries are arteries that form during fetal develop-

ment and persist in the adult. They may arise from either the renal artery (hilar) or directly from 
the aorta (polar). Ligation of a supernumerary segmental artery results in necrosis of the entire 
segment of the kidney.

 ● The segmental arteries branch into 5 to 11 interlobar arteries.

D. Interlobar Arteries
 ● The interlobar arteries branch into the arcuate arteries which travel along the base of the renal 

pyramids at the corticomedullary junction.

E. Arcuate Arteries
 ● The arcuate arteries branch into the interlobular arteries which travel through the cortex toward 

the capsule.

F. Interlobular Arteries
 ● The interlobular arteries branch into numerous afferent arterioles.

G. Afferent Arterioles
 ● Each afferent arteriole forms a capillary bed (or tuft) called the renal glomerulus which is drained 

by an efferent arteriole.

H. Efferent Arterioles
 ● The efferent arteriole of renal glomeruli from cortical and midcortical nephrons branches into a corti-

cal peritubular capillary bed.
 ● The efferent arteriole of renal glomeruli from juxtamedullary nephrons branches into 12 to 

25 descending vasa recta which are long, straight capillaries that run to varying depths of the 
medulla.

 ● The ends of the descending vasa recta give rise to a medullary peritubular capillary bed.

V Venous Drainage
 ● The venous drainage of the kidney is to the interlobular veins → arcuate veins → interlobar veins → 

renal vein → IVC.
 ● The arcuate veins drain into interlobar veins which anastomose and converge to form several renal 

veins that unite in a variable fashion to form the renal vein
 ● The veins draining the kidney have no segmental organization like the arterial supply.
 ● The renal veins lie anterior to the renal arteries at the renal hilum.
 ● The longer left renal vein passes anterior to the aorta on its path to the IVC. The renal veins ultimately 

drain into the IVC.
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VI Innervation. The kidney is innervated by the renal plexus which is intimately 
associated with the renal artery. The lower part of the celiac ganglion is more or less detached as 
the aorticorenal ganglion which is located at the origin of the renal artery from the abdominal 
aorta. The aorticorenal ganglion receives predominately the lesser thoracic splanchnic nerve
and least thoracic splanchnic nerve and forms most of the renal plexus. The renal plexus 
contains only sympathetic components. There is no (or at least very minimal) parasympathetic 
innervation of the kidney.

A. Parasympathetic. None (or at least very minimal).

B. Sympathetic
● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the spi-

nal cord. Preganglionic axons pass through the paravertebral ganglia (do not synapse) to become 
the lesser thoracic splanchnic nerve, least thoracic splanchnic nerve, first lumbar splanchnic 
nerve, and second lumbar splanchnic nerve and travel to aorticorenal ganglion.

● Postganglionic neuronal cell bodies are located in the aorticorenal ganglion.
● Postganglionic axons enter the renal plexus and are distributed to renal vasculature including 

the juxtaglomerular cells where they play an important role in the regulation of blood pressure by 
effecting renin release.

C. Sensory Innervation
● Afferent (sensory) neurons whose cell bodies are located in the dorsal root ganglion run with the 

least thoracic splanchnic nerve, first lumbar splanchnic nerve, and second lumbar splanchnic 
nerve and relay pain sensation from the kidney to T12-L2 spinal cord segments within the CNS.

● The pain associated with kidney pathology may be referred over the T12-L2 dermatomes (i.e., lum-
bar region, inguinal region, and anterosuperior thigh).

● Note that the sensory innervation runs with the sympathetic component.

VII Clinical Considerations of the Kidney
A. Rotation of the Kidney. During the relative ascent of the kidneys in fetal development, the 

kidneys rotate 90 degrees medially so that the renal hilus is normally orientated in a medial direction.

B. Ascent of the Kidney. The fetal metanephros is located in the sacral region, whereas the adult 
kidneys are normally located at vertebral levels T12-L3. The change in location (i.e., ascent) results from 
a disproportionate growth of the fetus caudal to the metanephros.

C. Horseshoe Kidney occurs when the inferior poles of both kidneys fuse during fetal development. 
The horseshoe kidney gets trapped behind the inferior mesenteric artery as the kidney attempts to 
ascend toward the normal adult location.

D. Kidney Trauma. Kidney trauma should be suspected in the following situations: Fracture of the 
lower ribs, fracture of the transverse processes of lumbar vertebrae, gunshot or knife wound over the 
lower rib cage, after a car accident where seat belt marks are present. Right kidney trauma is associated 
with liver trauma whereas left kidney trauma is associated with spleen trauma. Clinical findings include 
flank mass and/or tenderness, flank ecchymosis, hypotension, hematuria. One of the absolute indica-
tions for renal exploration is the presence of a pulsatile or expanding retroperitoneal hematoma
found at laparotomy.

E. Surgical Approach to the Kidney. An incision is made below and parallel to the 12th rib in 
order to prevent inadvertent entry into the pleural space. The incision may be extended to the front of 
the abdomen by traveling parallel to the inguinal ligament.
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VIII Ureter
A. General Features

 ● The ureters begin at the ureteropelvic junction where the renal pelvis joins the ureter.
 ● Within the abdomen, the ureters descend retroperitoneal and anterior to the psoas major muscle 

where they cross the pelvic inlet to enter the minor (or true) pelvis.
 ● Within the minor (or true) pelvis, the ureters descend retroperitoneal and anterior to the common 

iliac artery and vein where they may be compromised by an aneurysm of the common iliac artery.
 ● The ureters end at the ureterovesical junction surrounded by the vesical venous plexus.
 ● The ureters end by traveling obliquely through the wall of the urinary bladder (i.e., the intramural 

portion of the ureter) and define the upper limit of the urinary bladder trigone.
 ● The intramural portion of the ureter functions as a check valve (ureterovesical valve of Sampson) 

to prevent urine reflux.

B. Ureter Relationships to Neighboring Structures
 ● In the male, the ureters pass posterior to the ductus deferens.
 ● In the female, the ureters pass posterior and inferior to the uterine artery which lies in the trans-

verse cervical ligament (or cardinal ligament of Mackenrodt) and lie 1 to 2 cm lateral to the 
cervix of the uterus. During gynecologic operations (e.g., hysterectomy), the ureters may be inad-
vertently injured. The most common sites of injury are at the pelvic brim where the ureter is close to 
the ovarian blood vessels and where the uterine artery crosses the ureter along the side of the cervix.

C. Normal Constrictions of the Ureter. The ureters are normally constricted at three sites 
where kidney stones most commonly cause obstruction.

 1. At the Ureteropelvic Junction
 2. Where the Ureters Cross the Pelvic Inlet
 3. At the Ureterovesical Junction (Along the Intramural Portion of the Ureter)

D. Arterial Supply
 ● The arteries supplying the ureter are derived from the abdominal aorta, renal artery, testicular 

artery, ovarian artery, common iliac artery, internal iliac artery, inferior vesical artery, and 
uterine artery. Branches from these arteries supply different parts of the ureter along its course and 
are subject to much variation.

 ● The most constant arterial supply of the lower part of the ureter is the uterine artery in the female 
and the inferior vesical artery in the male.

 ● The longitudinal anastomosis between these branches may be weak so that inadvertent damage of 
one of these branches may lead to necrosis of a ureteral segment about 1 week postoperatively.

E. Venous Drainage
 ● The veins draining the ureter follow the arterial supply although there is a conspicuous vesical 

venous plexus surrounding the end of the ureter.

F. Innervation. The ureter is innervated by the ureteric plexus. In the upper part of the ureter, the 
ureteric plexus receives input from the renal plexus and abdominal aortic plexus. In the intermedi-
ate part of the ureter, the ureteric plexus receives input from the superior hypogastric plexus. In the 
lower part of the ureter, the ureteric plexus receives input from the inferior hypogastric plexus. The 
ureteric plexus contains both parasympathetic and sympathetic components although they do not 
play a major role in ureteral peristalsis but only a modulatory role.

G. Clinical Consideration (Figure 14-3). Renal calculi (“kidney stones”) obstruction occurs 
most often at the three sites where the ureter normally constricts (see above) causing a unilateral 
hydronephrosis. Clinical findings include: Intermittent, excruciating pain in the flank area, abdomen, 
testicular or vulvar region radiating onto the inner thigh depending on obstruction site; fever, hematuria, 
and decreased urine output may be present; and the patient assumes a posture with a severe ipsilateral 
costovertebral angle. There are four types of kidney stones which include the following.
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A

B

Figure 14-3 Intravenous urogram (IVU) of normal kidney and CT of renal calculi. A: The IVU shows the normal 
collecting system of the kidney and the ureter. The ureters are normally constricted at three sites (X) where kidney stones 
most commonly cause obstruction. B: The CT scan shows a large, obstructing calculus (“kidney stone”) in the ureter 
(arrow).
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 1. Calcium oxalate calculi (Figure 14-4) are radiopaque. By uri-
nalysis, they are colorless, octahedral-shaped crystals which look 
like small squares crossed by diagonal lines; rarely, they are dumb-
bell-shaped. They are the most common (80%) type of calculi and 
form when urine pH is <6 (acid pH) or neutral pH. Calcium oxa-
late calculi are associated with absorptive hypercalcemia, vitamin 
D intoxication, hyperparathyroidism, milk-alkali syndrome, renal 
tubular acidosis, all of which result in hypercalcemia; diabetes; 
liver disease; or ethylene glycol poisoning. The photograph of cal-
cium oxalate calculi shows that these kidney stones are colorless, 
octahedral-shaped crystals that look like small squares crossed by 
intersecting diagonal lines.

 2. Magnesium ammonium sulfate (struvite; triple phos-
phate) calculi (Figure 14-5)  are radiopaque. By urinalysis, they 
are colorless, rectangular prism-shaped crystals. They are the second 
most common (15%) type of calculi; generally form staghorn calculi 
and form when urine pH is >7.4 (alkaline pH). Magnesium ammo-
nium sulfate calculi are associated with urinary tract infections by 
urea-splitting bacteria (e.g., Proteus mirabilis, Proteus vulgaris, Provi-
dencia, Pseudomonas, Klebsiella, and Staphylococcus). The photograph 
of magnesium ammonium sulfate (struvite or triple phosphate) cal-
culi shows that these kidney stones are colorless, rectangular prism-
shaped crystals.

 3. Uric acid calculi (Figure 14-6) are radiolucent. By urinalysis, 
they are yellow or red-brown diamond-shaped crystals. They are 
the third most common (5%) type of calculi and form when urine 
pH is <6 (acid pH). Uric acid calculi are associated with gout, 
leukemia, Lesch-Nyhan syndrome, and myeloproliferative disor-
ders. The photograph of uric acid calculi shows that these kid-
ney stones are yellow or red-brown in color and diamond prism-
shaped crystals.

 4. Cystine calculi (Figure 14-7) are faintly radiopaque. By urinaly-
sis, they are colorless, refractile, hexagonal-shaped crystals that 
may have a layered appearance. They are the least common (1%) 
type of calculi form when urine pH is <6 (acid pH). Cystine cal-
culi are caused by cystinuria which is an autosomal recessive dis-
order that results in defective renal tubular reabsorption of the 
amino acids: Cystine, ornithine, arginine, and lysine. The photo-
graph of cystine calculi shows that these kidney stones are color-
less, refractile, hexagonal-shaped crystals that may have a layered 
appearance.

IX Urinary Bladder (Figure 14-8)

A. General Features
 ● The urinary bladder is a hollow structure with prominent smooth muscle walls which is a temporary 

reservoir for urine with a capacity of 120 to 320 mL.
 ● The empty bladder is tetrahedral-shaped and consists of a posterior surface (fundus or base), 

anterior surface, superior surface, apex, and neck.

Figure 14-4 Calcium oxalate 
calculi.

Figure 14-5 Magnesium 
ammonium sulfate calculi.

Figure 14-6 Uric acid calculi.

Figure 14-7 Cystine calculi.
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Figure 14-8 Median section of male and female pelvis. A: Male pelvis. This figure demonstrates the various 
anatomical relationships of the urinary bladder. B: Female pelvis. This figure demonstrates the various anatomical rela-
tionships of the urinary bladder.
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B. Urinary Bladder Relationships to Neighboring Structures
 1. Posterior Surface (Fundus or Base)

 ● In the male, the posterior surface is related to the rectovesical pouch, rectum, seminal vesicles, 
and ampulla of the ductus deferens.

 ● In the female, the posterior surface is related to the anterior wall of the vagina.

 2. Anterior Surface
 ● In the male and female, the anterior surface is related to the pubic symphysis and retropubic 

space (of Retzius).
 3. Superior Surface

 ● In the male, the superior surface is related to the peritoneal cavity (completely covered by 
peritoneum), sigmoid colon, and terminal coils of the ileum.

 ● In the female, the superior surface is related to the peritoneal cavity (largely covered by perito-
neum but is reflected posteriorly to the uterus forming the vesicouterine pouch) and uterus.

 4. Apex
 ● The apex is located posterior to the upper part of the pubic symphysis.
 ● In the male and female, the apex is related to the one median umbilical ligament or urachus 

(a remnant of the allantois in the fetus), the two medial umbilical ligaments (remnants of the 
right and left umbilical arteries in the fetus), and the two lateral umbilical ligaments which 
are elevations formed by the right and left inferior epigastric arteries and veins.

 5. Neck
 ● The neck is the lowest region of the bladder and is located posterior to the lower part of the 

pubic symphysis. The neck is pierced by the internal urethral orifice.
 ● In the male, the neck is related to the prostate gland and prostatic urethra.
 ● In the female, the neck is related to the urogenital diaphragm.

C. Support of the Bladder. The support of the urinary bladder involves the following.

 1. Urogenital Diaphragm
 2. Pubovesical Ligaments

 ● The pubovesical ligaments are extensions of the puboprostatic ligaments (in the male) and 
pubourethral ligaments (in the female).

 ● The pubovesical ligaments extend from the lower portion of the pubic bone to the neck of the 
bladder.

 3. Median Umbilical Ligament or Urachus
 ● The median umbilical ligament or urachus(a remnant of the allantois in the fetus) extends from 

the umbilicus to the apex of the bladder.

 4. False Ligaments
 ● The false ligaments are reflections or folds of peritoneum.

D. Internal Anatomy of the Bladder
 ● The trigone of the bladder is always smooth-surfaced because the mucosa is tightly attached to 

the detrusor muscle.
 ● The trigone of the bladder is located on the posterior surface of the bladder (fundus or base) and 

its limits are defined superiorly by the openings of the ureters and inferiorly by the internal ure-
thral orifice.

E. Arterial Supply
 ● The arterial supply of the bladder is from the superior vesical artery (a branch of the internal iliac 

artery), inferior vesical artery (a branch of the internal iliac artery), obturator artery, and inferior 
gluteal artery. In the female, branches of the uterine artery and vaginal artery also supply the 
bladder.

F. Venous Drainage
 ● The venous drainage of the bladder is to a complicated venous plexus along the inferolateral portion 

of the bladder → internal iliac vein → prostatic venous plexus.
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G. Innervation.  The bladder is innervated by the vesical plexus which receives input from the 
inferior hypogastric plexus. The vesical plexus contains both parasympathetic and sympathetic 
components.

 1. Parasympathetic
 ● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the S2 to S4 

spinal cord segments. Preganglionic axons travel to the vesical plexus as the pelvic splanchnic 
nerves.

 ● Postganglionic neuronal cell bodies are located in the vesical plexus and the bladder wall.
 ● Postganglionic axons are distributed to the detrusor muscle of the bladder where they cause 

contraction of the detrusor muscle and relaxation of the internal urethral sphincter 
(i.e., efferent limb of the micturition reflex).

 2. Sympathetic
 ● Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the 

spinal cord. Preganglionic axons pass through the paravertebral ganglia (do not synapse) to 
become the lesser thoracic splanchnic nerve, least thoracic splanchnic nerve, first lum-
bar splanchnic nerve, and second lumbar splanchnic nerve and travel to the inferior 
hypogastric plexus by way of the superior hypogastric plexus.

 ● Postganglionic neuronal cell bodies are located in the inferior hypogastric plexus.
 ● Postganglionic axons enter the vesical plexus and are distributed to the detrusor muscle of the 

bladder where they cause relaxation of the detrusor muscle and contraction of the inter-
nal urethral sphincter (although some investigators claim their action is strictly on the smooth 
muscle of blood vessels).

 3. Sensory Innervation. Sensory information from the bladder is carried by both parasympathetics 
(mainly) and sympathetics.
a. Parasympathetic

 ● Afferent (sensory) neurons whose cell bodies are located in the dorsal root ganglion run 
with the pelvic splanchnic nerves and relay pain and stretch information from the bladder 
to S2 to S4 spinal segments within the CNS.

 ● The pain associated with bladder pathology may be referred over the S2 to S4 derma-
tomes (i.e., perineum and posterior thigh).

 ● The stretch information associated with bladder fullness from stretch receptors in the blad-
der wall runs with the pelvic splanchnic nerves and serves as the afferent limb in the 
micturition reflex.

b. Sympathetic
 ● Afferent (sensory) neurons whose cell bodies are located in the dorsal root ganglion 

run with the lesser thoracic splanchnic nerve, least thoracic splanchnic nerve, first lumbar 
splanchnic nerve, and second lumbar splanchnic nerve, and relay pain information from the 
bladder to the T11-L2 spinal cord segments with the CNS.

 ● The pain associated with bladder pathology may be referred over the T11-L2 dermatomes 
(i.e., lumbar region, inguinal region, and anterosuperior thigh).

 4. Micturition Reflex. As the bladder fills with urine, stretch information associated with blad-
der fullness from stretch receptors in the bladder wall runs with the pelvic splanchnic nerves 
and serves as the afferent limb in the micturition reflex. Pelvic splanchnic nerves are distributed 
to the detrusor muscle of the bladder where they cause contraction of the detrusor muscle 
and relaxation of the internal urethral sphincter (i.e., efferent limb of the micturition 
reflex). The external urethral sphincter is innervated by the pudendal nerve and is volun-
tarily relaxed.

H. Lymph Drainage
 ● Lymph from the bladder drains as follows: Bladder lymphatic vessels → external and internal iliac 

nodes → common iliac nodes → lumbar nodes → lumbar trunks → abdominal confluence of lym-
phatic trunks → thoracic duct.
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I. Clinical Considerations
 1. Location of the Urinary Bladder. In the adult, the empty bladder lies within the minor (true) 

pelvis. In the infant, the empty bladder lies within the abdominal cavity. As the bladder fills 
in the adult, it rises out of the minor pelvis above the pelvic inlet and may extend as high as the 
umbilicus. In acute retention of urine, a needle may be passed through the anterior abdominal wall 
(skin → superficial fascia [Camper and Scarpa] → linea alba → transversalis fascia → extraperitoneal 
fat → parietal peritoneum) without entering the peritoneal cavity in order to remove the urine 
(suprapubic cystostomy).

 2. Urine Leakage due to Trauma (Figure 14-9)
a. Rupture of the superior wall (dome) results in an intraperitoneal extravasation of urine 

within the peritoneal cavity. It is caused by a compressive force on a full bladder.
b. Rupture of the anterior wall results in an extraperitoneal extravasation of urine within the 

retropubic space (of Retzius). It is caused by a fractured pelvis (e.g., car accident) that punc-
tures the bladder.

c. Type I urethral injury occurs when the posterior urethra is stretched but intact due to the 
rupture of the puboprostatic ligaments. Type I urethral injuries are rare.

d. Type II urethral injury occurs when the posterior urethra is torn above the urogenital dia-
phragm. This results in an extraperitoneal extravasation of urine within the retropubic space 
of Retzius. It may be caused by a fractured pelvis (e.g., car accident) or improper insertion of 
a catheter.

e. Type III urethral injury occurs when the anterior urethra (i.e., bulbous urethra) is torn below 
the urogenital diaphragm along with a disruption of the urogenital diaphragm so that the 
membranous urethra is also torn. Radiologists consider a type III urethral injury as a combined 
anterior/posterior urethral injury. This results in an extraperitoneal extravasation of urine within 
the superficial perineal space extending into the scrotal, penile, and anterior abdominal wall 
areas (urine will NOT extend into the thigh region or anal triangle). The superficial perineal 
space is located between Colles fascia and dartos muscle and the external spermatic fascia. It is 
caused by a straddle injury (e.g., a boy slips off a bicycle seat and falls against the crossbar) and 
is the most common type of urine leakage injury. Clinical findings include blood at the urethral 
meatus, ecchymosis, painful swelling of the scrotal and perineal areas, and tender enlargement 
in the suprapubic region due to a full bladder.

f. Type IV urethral injury occurs when the neck of the bladder and proximal prostatic urethra 
are injured. This may result in an extraperitoneal extravasation of urine within the retropubic 
space of Retzius. Type IV urethral injuries may be serious if the internal urethral sphincter is 
injured which leads to incontinence.

g. Type V urethral injury occurs when the penile urethra is torn. This is a pure anterior urethral 
injury. This results in an extraperitoneal extravasation of urine beneath the deep fascia (of 
Buck) and will be confined to the penis if the deep fascia of Buck is not torn. However, if the 
trauma also tears the deep fascia of Buck, then extravasation of urine will occur within the 
superficial perineal space. It is caused by a crushing injury to the penis.
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Figure 14-9 Urine leakage due to trauma. A: Rupture of superior wall of urinary bladder. Diagram shows 
a rupture of superior wall of urinary bladder that results in extravasation of urine into the peritoneal cavity (PC ). 
B: Rupture of the anterior wall of urinary bladder. Diagram shows a rupture of the anterior wall of urinary bladder 
that results in extravasation of urine into the retropubic space of Retzius. C: Type I urethral Injury. Diagram shows a 
stretched but intact posterior urethra. Note the rupture of the puboprostatic ligaments (PP). D: Type II urethral injury. 
Diagram shows a torn posterior urethra above the urogenital diaphragm that results in the extravasation of urine into 
the retropubic space of Retzius. E: Type III urethral injury. Diagram shows a torn bulbous urethra below the urogenital 
diaphragm along with a disruption of the urogenital diaphragm so that the membranous urethra is also torn. This results 
in extravasation of urine within the superficial perineal space. This is the most common type of urine leakage injury and 
is sometimes called a “straddle injury.” F: Type IV urethral injury. Diagram shows injury to the neck of the bladder and 
the proximal prostatic urethra that may result in extravasation of urine into the retropubic space of Retzius. G: Type V 
urethral injury. Diagram shows a torn penile urethra that results in extravasation of urine beneath the deep fascia of 
Buck. PS, pubic symphysis; UG, urogenital diaphragm; P, prostate gland.
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X Urethra
A. Female Urethra

 ● The female urethra is about 3 to 5 cm long that begins at the internal urethral orifice of the blad-
der where the detrusor muscle extends longitudinally into the urethra but does not form a significant 
internal urethral sphincter.

 ● The female urethra courses through the urogenital diaphragm where it becomes related to the 
deep transverse perineal muscle and sphincter urethrae muscle (also called external urethral 
sphincter), both of which are skeletal muscles innervated by the pudendal nerve.

 ● The posterior surface of the female urethra fuses with the anterior wall of the vagina such that the 
external urethral sphincter does not completely surround the female urethra. This may explain the 
high incidences of stress incontinence in women especially after childbirth.

 ● The female urethra terminates as the navicular fossa at the external urethral orifice which opens 
into the vestibule of the vagina between the labia minora just below the clitoris.

B. Male Urethra
 ● The male urethra is about 18 to 20 cm long that begins at the internal urethral orifice of the blad-

der where the detrusor muscle extends longitudinally into the prostatic urethra and forms a complete 
collar around the neck of the bladder called the internal urethral sphincter. The male urethra is 
divided into five parts.

i. Prostatic urethra
 ○ The prostatic urethra courses through and is surrounded by the prostate gland.
 ○ The posterior wall has an elevation called the urethral crest.
 ○ The prostatic sinus is a groove on either side of the urethral crest that receives most of the 

prostatic ducts from the prostate gland.
 ○ At a specific site along the urethral crest there is an ovoid enlargement called the seminal 

colliculus (also called the verumontanum) where the ejaculatory ducts open and the pros-
tatic utricle (a vestigial remnant of the paramesonephric duct in males that is involved in 
the embryologic development of the vagina and uterus) is found.

ii. Membranous urethra
 ○ The membranous urethra courses through the urogenital diaphragm where it becomes 

related to the deep transverse perineal muscle and sphincter urethrae muscle (also 
called external urethral sphincter), both of which are skeletal muscles innervated by the 
pudendal nerve.

 ○ The external urethral sphincter completely surrounds the male urethra.
 ○ The prostatic urethra plus the membranous urethra are called the posterior urethra by 

radiologists.
iii. Bulbous urethra

 ○ The bulbous urethra courses through the bulb of the penis and develops endodermal out-
growths into the surrounding mesoderm to form the bulbourethral glands of Cowper.

 ○ The bulbous urethra contains the openings of the bulbourethral glands of Cowper.
iv. Proximal part of the penile (spongy or cavernous) urethra.

 ○ The proximal part of the penile urethra courses through and is surrounded by the corpus 
spongiosum.

v. Distal part of the penile urethra
 ○ The distal part of the penile urethra courses through the glans penis and terminates as the 

navicular fossa at the external urethral orifice which opens onto the surface of the glans 
penis.

 ○ The bulbous urethra plus the proximal and distal parts of the penile urethra are called the 
anterior urethra by radiologists.
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XI Radiology
A. Intravenous Urograms (IVUs) (Figure 14-10)

Figure 14-10 Intravenous urograms 
(IVUs). A: A normal IVU showing the 
details of the collecting system and upper 
ureter of the left kidney. B: An IVU showing 
a congenital malformation called crossed 
renal ectopia with kidney fusion. The left 
kidney (LK ) is ectopic on the right side and 
is fused with the right kidney (RK ). Note 
that the left ureter (arrow) inserts normally 
into the bladder. C: An IVU shows a con-
genital malformation called an ureteropel-
vic duplication of the right side.
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B. Voiding Cystourethrogram and Retrograde Urethrogram (Figure 14-11)

A

B

Figure 14-11 Voiding cystourethrogram and retrograde urethrogram. A: A normal voiding cystourethrogram in 
a male (right posterior projection) shows the prostatic urethra (large black arrows), the seminal colliculus (or verumonta-
num) which appears as a filling defect (small black arrows) and the short membranous urethra (curved black arrow). This 
makes up the posterior urethra. The bulbous urethra (short white arrows) and penile urethra (long white arrows) are also 
shown. The penoscrotal junction (curved white arrow) is shown. B: A normal retrograde urethrogram in a male shows the 
penile urethra ( pu) and bulbous urethra (bu) demarcated by the suspensory ligament of the penis at the penoscrotal junc-
tion (curved arrow). Note that the urethra tapers to a point at the urogenital diaphragm marking the location of the mem-
branous urethra. The seminal colliculus (or verumontanum) (open arrow) indicates the location of the prostatic urethra.
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C. Computed Tomography (Figure 14-12A, B, C)

A

AB = abdominal aorta
DC = descending colon
D2 = second part of duodenum
ES = erector spinae muscle
FT = fat
GB = gall bladder
IVC = inferior vena cava
J = jejunum
K = kidney

PA = pyloric antrum of stomach
PV = portal vein
P1 = head of pancreas
RL = right lobe of liver
RV = renal vein
SMA = superior mesenteric artery
SMV = superior mesenteric vein
SV = splenic vein
TC = transverse colon

Figure 14-12 Computed tomography (CT) images. A: Upper border of vertebral level L2. A normal CT image 
with contrast material at the upper border of vertebral level L2.
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AB = abdominal aorta
AC = ascending colon
BS = body of stomach
CX = renal calyx
DC = descending colon
D2 = second part of duodenum
ES = erector spinae muscle
IVC = inferior vena cava
J = jejunum

K = kidney
PM = psoas major muscle
P1 = head of pancreas
QL = quadratus lumborum
RL = right lobe of liver
RP = renal pelvis
SMA = superior mesenteric artery
SMV = superior mesenteric vein
TC = transverse colon

B

Figure 14-12 (Continued ) B: Lower border of vertebral level L2. A normal CT image with contrast material at the 
lower border of vertebral level L2. (continued )
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AB = abdominal aorta
AC = ascending colon
BS = body of stomach
DC = descending colon
D2 = second part of duodenum
D3 = third part of duodenum
ES = erector spinae muscle

IVC = inferior vena cava
J = jejunum
K = kidney
MVS = superior mesenteric vessels
PM = psoas major muscle
TC = transverse colon

C

Figure 14-12 (Continued ) C: Vertebral level L3. A normal CT image with contrast material at about vertebral level L3.
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C H A P T E R  1 5

Suprarenal (Adrenal) 
Glands

I General Features (Figure 15-1)

A. The right suprarenal gland is shaped like a pyramid, with its apex projecting superior and its base 
embracing the kidney.

Esophagus

Left inferior phrenic vein

Left crus of diaphragm

Left superior suprarenal arteries

Cross section of
suprarenal gland

Capsule

Cortex

Medulla

Left suprarenal gland

Left middle suprarenal artery

Left suprarenal vein

Left inferior suprarenal artery

Segmental arteries

Ureteric branch of left renal artery

Left renal artery and vein

Left second lumbar vein and communication
to ascending lumbar and/or
hemiazygos veins

Superior mesenteric artery

Left testicular (ovarian) artery and vein

Abdominal aorta

Inferior mesenteric artery

Inferior vena cava

Right and left inferior
phrenic arteries
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Right superior
suprarenal arteries

Right middle
suprarenal
artery

Right 
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Right renal artery
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Right testicular (ovarian)
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Superior
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Inferior pole of kidney
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Figure 15-1 Gross anatomy and cut section of the suprarenal glands. This figure shows the position of the right 
and left suprarenal glands along with their arterial supply and venous drainage. The cut section shows the capsule, cortex, 
and medulla.
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B. The left suprarenal gland is shaped like a half-moon covering the superior aspect of the kidney and 
extending inferiorly along the medial aspect of the kidney.

II Arterial Supply
A. The arterial supply of the adrenal gland is from the superior suprarenal artery, which arises from the 

inferior phrenic artery; the middle suprarenal artery, which arises from the aorta; and the inferior 
suprarenal artery, which arises from the renal artery.

III Venous Drainage
A. The venous drainage of the adrenal gland is to the right suprarenal vein (which empties into the infe-

rior vena cava) and the left suprarenal vein (which empties into the left renal vein).

B. The venous drainage is particularly important during an adrenalectomy, since the suprarenal vein must 
be ligated as soon as possible to prevent catecholamine (epinephrine and norepinephrine) release into 
the circulation.

C. In addition, the adrenal medulla receives venous blood draining the cortex that has a high concen-
tration of cortisol. The synthesis of phenylethanolamine N-methyltransferase (a key enzyme in the 
synthesis of epinephrine) is dependent on high levels of cortisol received via venous blood from the 
cortex.

IV Innervation
A. Sympathetic

1. Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the spinal 
cord (T10-L1). Preganglionic axons run with the splanchnic nerves.

 2. Modified postganglionic neuronal cell bodies called chromaffin cells are located in the adrenal 
medulla.

V Adrenal Cortex is derived embryologically from mesoderm and is divided into three 
zones.

A. Zona Glomerulosa (ZG) constitutes 15% of the cortical volume. The ZG secretes aldosterone,
which is controlled by the renin-angiotensin system.

B. Zona Fasciculata (ZF) constitutes 78% of the cortical volume. The ZF secretes cortisol, which is 
controlled by corticotropin-releasing factor (CRF) and adrenocorticotropic hormone (ACTH) from 
the hypothalamus and adenohypophysis, respectively.

C. Zona Reticularis (ZR)  constitutes 7% of the cortical volume. The ZR secretes dehydroepi-
androsterone (DHEA) and androstenedione, which are controlled by CRF and ACTH from the hypo-
thalamus and adenohypophysis, respectively.
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D. Clinical Considerations
 1. Primary Hyperaldosteronism (Fig-

ure 15-2)  is caused by elevated levels of 
aldosterone, which are commonly caused 
either by an aldosterone-secreting ade-
noma (Conn syndrome) within the ZG 
or adrenal hyperplasia. Clinical findings 
include hypertension, hypernatremia due 
to increased sodium ion reabsorption, 
weight gain due to water retention, hypo-
kalemia due to increased K+ secretion, 
and decreased plasma renin levels. The 
magnetic resonance image (MRI) shows 
a right adrenal mass (arrows) that proved 
to be a benign hyperfunctioning adenoma 
causing Conn syndrome.

 2. Cushing Syndrome (Figure 15-3) is 
caused by elevated levels of cortisol (i.e., 
hypercortisolism), which are commonly 
due to either an ACTH-secreting adenoma 
within the adenohypophysis (70% of the 
cases; strictly termed Cushing disease), 
an adrenal adenoma (25% of the cases), or 
adrenal hyperplasia. An oat cell carcinoma 
of the lung may also ectopically produce 
ACTH. However, Cushing syndrome is 
most commonly caused by iatrogenic cor-
ticosteroid drug therapy. Clinical features 
include mild hypertension with cardiac 
hypertrophy, buffalo hump, osteoporosis 
with back pain, central obesity, moon 
facies, purple skin striae, skin ulcers (poor 
wound healing), thin wrinkled skin, 
amenorrhea, purpura, impaired glucose 
tolerance, and emotional disturbances. 
The photograph shows a woman with an 
ACTH-secreting pituitary adenoma with 
a moon face, buffalo hump, and increased 
facial hair. The computed tomography 
(CT) scan shows Cushing syndrome due 
to adrenal hyperplasia. Both adrenal glands 
are enlarged (arrows) while maintaining 
their normal anatomic shapes. Note that 
except for the increased size, the adrenal 
glands appear normal, which may con-
found the diagnosis. In some cases of 
adrenal hyperplasia, the adrenal glands 
may demonstrate bilateral nodularity.

Figure 15-2 Conn syndrome. Ao, aorta; ivc, inferior 
vena cava; L, liver; LK, left kidney; S, spine.

Figure 15-3 Cushing syndrome. a, aorta; d, crura of 
diaphragm; i, inferior vena cava; l, right lobe of the liver.
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3. Congenital Adrenal Hyperplasia (Figure 15-4) 
is most commonly caused by mutations in genes for 
enzymes involved in adrenocortical steroid biosynthesis 
(e.g., 21-hydroxylase deficiency, 11β-hydroxylase defi-
ciency). In 21-hydroxylase deficiency (90% of all cases), 
there is virtually no synthesis of aldosterone or cortisol so 
that intermediates are funneled into androgen biosynthe-
sis, thereby elevating androgen levels. Clinical findings 
include increased urine 17-ketosteroids and virilization 
of a female fetus ranging from mild clitoral enlargement 
to complete labioscrotal fusion with a phalloid organ due to 
elevated levels of androgens; adrenal hyperplasia occurs 
because cortisol cannot be synthesized and therefore the 
negative feedback to the adenohypophysis does not occur, 
so ACTH continues to stimulate the adrenal cortex. The 
photograph shows a patient (XX genotype) with female 
pseudointersexuality due to congenital adrenal hyperpla-
sia. Masculinization of female external genitalia is apparent 
with fusion of the labia majora and enlarged clitoris.

 4. Primary Adrenal Insufficiency (Addison Disease). Addison disease is commonly caused by 
autoimmune destruction of the adrenal cortex. Other causes include adrenal tuberculosis, fungal 
infections, and adrenal hemorrhage. Clinical findings include fatigue, anorexia, nausea, weight 
loss, hypoglycemia, hypotension, and hyperpigmentation of the skin due to increased secretion of 
melanocyte-stimulating hormone (MSH).

VI Adrenal Medulla
A. General Features. The adrenal medulla contains chromaffin cells that are modified postgan-

glionic sympathetic neurons derived embryologically from neural crest cells. Preganglionic sympa-
thetic axons (via splanchnic nerves) synapse on chromaffin cells and cause chromaffin cells to secrete 
catecholamines. The secretion product is 90% epinephrine and 10% norepinephrine.

B. Clinical Considerations
1. Pheochromocytoma (Figure 15-5) is a relatively rare 

neoplasm (usually not malignant) of neural crest ori-
gin that contains both epinephrine and norepinephrine. 
It occurs within families (mainly in adults) as part of 
the multiple endocrine neoplasia (MEN) type IIa 
syndrome (pheochromocytoma, hyperparathyroidism, 
and medullary carcinoma of the thyroid) or associated 
with von Recklinghausen neurofibromatosis. It is 
generally found in the region of the adrenal gland but 
is also found in extra-adrenal sites (e.g., near the aortic 
bifurcation called the organ of Zuckerkandl). Clinical 
features include persistent or paroxysmal hypertension, 
anxiety, tremor, profuse sweating, pallor, chest pain, and 
abdominal pain. The photograph shows a pheochromo-
cytoma. Pheochromocytomas vary in size from 3 to 5 cm 
in diameter. They are gray-white to pink-tan in color. 
Exposure of the cut surface often results in darkening 
of the surface due to formation of yellow-brown adeno-
chrome pigment.

Figure 15-4 Congenital adrenal 
hyper plasia.

Figure 15-5 Pheochromocytoma.
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 2. Neuroblastoma (Figure 15-6) is an extracranial 
neoplasm containing primitive neuroblasts of neural 
crest origin and is associated with the amplification 
of the N-myc oncogene. It is the most common solid 
tumor in children and may metastasize to the bone 
marrow, liver, and orbit. This tumor may be found 
in extra-adrenal sites, usually along the sympathetic 
chain ganglia (60%) or within the adrenal medulla 
(40%). Clinical features include opsoclonus (rapid, 
irregular movements of the eye in the horizontal and 
vertical directions: “dancing eyes”). The photograph 
shows a neuroblastoma. Neuroblastomas vary in size 
from 1 cm to filling the entire abdomen. They are 
generally soft and white to gray-pink in color. As the 
size increases, the tumors become hemorrhagic and 
undergo calcification and cyst formation. Note the 
nodular appearance of this tumor with the kidney 
apparent on the left border (arrow).

Figure 15-6 Neuroblastoma.
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Female Reproductive 
System

I Ovaries (Figure 16-1)

A. General Features
1. The ovaries are almond-shaped structures that are located posterior to the broad ligament.

 2. The ovaries are attached to the lateral pelvic wall by the suspensory ligament of the ovary (a region 
of the broad ligament), which contains the ovarian artery, vein, and nerve.

 3. The surface of the ovaries is not covered by mesothelium, but instead is covered by a simple cuboi-
dal epithelium called the germinal epithelium.

B. Arterial Supply. The arterial supply of the ovaries is from the ovarian arteries, which arise from 
the abdominal aorta, and ascending branches of the uterine arteries, which arise from the internal 
iliac artery.

C. Venous Drainage. The venous drainage of the ovaries is to the right ovarian vein (which empties 
into the inferior vena cava [IVC]) and the left ovarian vein (which empties into the left renal vein).

D. Lymph Drainage. The lymph drainage of the ovary is to the lateral aortic nodes.

E. Clinical Considerations
1. Right Side Hydronephrosis may indicate thrombosis of the right ovarian vein that constricts 

the ureter, since the right ovarian vein crosses the ureter to enter the IVC.

 2. Ovarian Pain is often referred down the inner thigh via the obturator nerve.

II Uterine Tubes (Figure 16-1)

A. General Features
1. The function of the uterine tubes is to convey fertilized and unfertilized oocytes to the uterine cavity 

by ciliary action and muscular contractions and to transport sperm in the opposite direction for 
fertilization to take place.

 2. The uterine tubes are supported by the mesosalpinx, which is a region of the broad ligament.

 3. The uterine tube has four divisions.
a. The infundibulum is funnel-shaped, is fimbriated, and opens into the peritoneal cavity.
b. The ampulla is the longest and widest part of the uterine tube. It is the site of fertilization.
c. Isthmus
d. The intramural division opens into the uterine cavity.
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Figure 16-1 Internal female genital organs. A: This coronal section (posterior view) demonstrates the internal 
female genital organs. B: Anteroposterior radiograph of the female pelvis after injection of a radiopaque compound into 
the uterine cavity (hysterosalpingography).
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B. Arterial Supply. The arterial supply of the uterine tubes is from the ovarian arteries, which arise 
from the abdominal aorta, and the ascending branches of the uterine arteries, which arise from the 
internal iliac artery.

C. Venous Drainage. The venous drainage of the uterine tubes is to the right ovarian vein (which 
empties into the IVC), the left ovarian vein (which empties into the left renal vein), and the uterine 
veins.

D. Clinical Considerations
1. Acute and Chronic Salpingitis (Figure 16-2) is a 

bacterial infection (most commonly Neisseria gonor-
rhoeae or Chlamydia trachomatis) of the uterine tube 
with acute inflammation (neutrophil infiltration) or 
chronic inflammation, which may lead to scarring of 
the uterine tube, predisposing to ectopic tubal preg-
nancy. Salpingitis is probably the most common cause 
of female sterility. The photograph shows that the uter-
ine tube is markedly distended, the fimbriated end is 
closed, and there is hemorrhage on the serosal surface.

 2. Ectopic Tubal Pregnancy (Figure 16-3) most often 
occurs in the ampulla of the uterine tube. Risk factors 
include salpingitis, pelvic inflammatory disease, pelvic 
surgery, or exposure to diethylstilbestrol (DES). Clini-
cal signs include sudden onset of abdominal pain, 
which may be confused with appendicitis in a young 
woman; last menses 60 days ago; positive human cho-
rionic gonadotropin (hCG) test; and culdocentesis 
showing intraperitoneal blood. The photograph shows 
an enlarged uterine tube due to the growing embryo.

III Uterus (Figure 16-1)

A. General Features. The uterus is divided into four regions.

 1. The fundus is located superior to the cornua and contributes largely to the upper segment of the 
uterus during pregnancy. At term, the fundus may extend as high as the xiphoid process (vertebral 
level T9).

 2. The cornu is located near the entry of the uterine tubes.

 3. The body is located between the cornu and cervix. The isthmus is part of the body and is the 
dividing line between the body of the uterus and the cervix. The isthmus is the preferred site for a 
surgical incision during a delivery by cesarean section.

 4. The cervix is located inferior to the body of the uterus and protrudes into the vagina. The cervix con-
tains the internal os, cervical canal, and external os. The external os in a nulliparous woman is 
round. The external os in a parous woman is transverse.

B. Arterial Supply. The arterial supply of the uterus is from the uterine arteries, which arise from 
the internal iliac artery. There is a potential collateral supply from the ovarian arteries.

C. Venous Drainage. The venous drainage of the uterus is to the internal iliac veins (which emp-
ties into the IVC).

Figure 16-2 Salpingitis.

Figure 16-3 Ectopic tubal pregnancy.
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D. Support of the Uterus. The uterus is supported by the following structures.

 1. Pelvic Diaphragm (Levator Ani Muscles) 
 2. Urogenital Diaphragm
 3. Urinary Bladder
 4. Round Ligament of the Uterus, which is a remnant of the gubernaculum in the embryo.

 5. Transverse Cervical Ligament (Cardinal Ligament of Mackenrodt), which extends later-
ally from the cervix to the side wall of the pelvis. It is located at the base of the broad ligament and 
contains the uterine artery (a branch of the internal iliac artery).

 6. Uterosacral Ligament, which extends posteriorly from the cervix to the sacrum and is respon-
sible for bracing the uterus in its normal anteverted position.

 7. Pubocervical Ligament, which extends anteriorly from the cervix to the pubic symphysis and helps 
to prevent a cystocele (a herniation of the urinary bladder into the anterior wall of the vagina).

 8. Broad Ligament (Figure 16-4)
a. The broad ligament is a double fold of parietal peritoneum, which extends laterally from the 

uterus to the side wall of the pelvis.
b. The broad ligament is divided into four regions: Mesosalpinx (which supports the uterine 

tubes), mesovarium (which supports the ovary), mesometrium (which supports the uterus), 
and the suspensory ligament of the ovary.

c. The broad ligament contains the following structures.
 i. Ovarian artery, vein, and nerves
 ii. Uterine tubes
 iii. Ovarian ligament of the uterus (which is a remnant of the gubernaculum in the embryo)
 iv. Round ligament of the uterus (which is a remnant of the gubernaculum in the embryo)
 v. Epoophoron (which is a remnant of the mesonephric tubules in the embryo)
 vi. Paroophoron (which is a remnant of the mesonephric tubules in the embryo)
 vii. Gartner duct (which is a remnant of the mesonephric duct in the embryo)
 viii. Ureter (which lies at the base of the broad ligament posterior and inferior to the uterine 

artery). During a hysterectomy, the ureters may be inadvertently ligated along with the 
uterine artery due to their close anatomic relationship.

 ix. Uterine artery, vein, and nerves (which lie at the base of the broad ligament within the 
transverse cervical ligament)

Figure 16-4 Internal female genital organs and ligaments. This figure (posterior view) shows the internal female 
genital organs and ligaments.
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E. Position of the Uterus
 1. The uterus is normally in an anteflexed and anteverted position, which places the uterus in a nearly 

horizontal position lying on the superior wall of the urinary bladder.

 2. Anteflexed refers to the anterior bend of the uterus at the angle between the cervix and the body 
of the uterus.

 3. Anteverted refers to the anterior bend of the uterus at the angle between the cervix and the 
vagina.

F. Clinical Considerations
 1. Endometrial Adenocarcinoma (Figure 16-5) is 

the most common gynecologic cancer in women and 
is linked to prolonged estrogen stimulation of the 
endometrium. Risk factors include exogenous estro-
gen treatment for menopause, obesity, diabetes, nulli-
parity, early menarche, and late menopause. This can-
cer grows in a diffuse or polypoid pattern and often 
involves multiple sites. The most common histologic 
variant is composed entirely of glandular cells (called 
pure endometrial adenocarcinoma). Clinical features 
include perimenopausal or postmenopausal women 
who complain of abnormal uterine bleeding. The 
photograph shows an opened uterine cavity to reveal 
a partially necrotic, polypoid endometrial cancer.

 2. Endometriosis (Figure 16-6) is the presence of 
endometrial glandular tissue in abnormal locations 
outside of the uterus. The ectopic sites most frequently 
involved include the ovary (80% of the cases), uterine 
ligaments, rectovaginal septum, pouch of Douglas, 
pelvic peritoneum covering the uterus, uterine tubes, 
rectosigmoid colon, and bladder. Early foci of endo-
metriosis on the ovary or peritoneal surface appear as 
red or bluish nodules (“mulberry nodules”) about 
1 to 5 mm in size. Since this ectopic endometrial 
tissue shows cyclic changes synchronous with the 
endometrium of the uterus (i.e., participates in the 
menstrual cycle), repeated bleedings lead to a depo-
sition of hemosiderin forming “gunpowder mark” 
lesions. In the ovary, repeated bleedings may lead to 
the formation of large (15 cm) cysts containing inspis-
sated chocolate-colored material (“chocolate cysts”). 
Endometriosis results in infertility, dysmenorrhea, and 
pelvic pain (most pronounced at the time of menstru-
ation). The photograph shows an ovary with red and/
or bluish nodules (“mulberry nodules”).

Figure 16-5 Endometrial adenocarci-
noma.

Figure 16-6 Endometriosis.
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 3. Uterine Fibroids (Leiomyoma) 
(Figure 16-7) are a common benign neo-
plasm resulting from a proliferation of 
smooth muscle cells of the uterus, which 
may become calcified. The fibroids may 
be located within the myometrium of the 
uterus (intramural); beneath the endo-
metrium (submucosa), where they may 
grow into the uterine cavity; or beneath 
the serosa (subserosal), where they may 
grow into the peritoneal cavity. This may 
result in infertility if the fibroids block the 
uterine tube or prevent implantation of 
the conceptus. Fibroids may be palpated 
as irregular, nodular masses protruding 
against the anterior abdominal wall. The 
radiograph shows a calcified mass just to 
the left of the midline. Calcifications in 
fibroids are often popcorn-like in appear-
ance. A very large fibrinoid may occupy 
the entire pelvic cavity or may even extend 
into the abdomen.

IV Cervix
A. The cervix is the lower part of the uterus that measures about 2.5 to 3 cm in length.

B. The cervix is divided into a supravaginal portion (lying above the vaginal vault) and a vaginal por-
tion (portio vaginalis), which protrudes into the vagina.

C. The junction between the cervix and uterus is at the internal os.

D. The cervical mucus produced during the proliferative phase of the menstrual cycle is watery, whereas 
the cervical mucus produced during the secretory phase of the menstrual cycle is viscous.

E. During childbirth, the cervix undergoes “cervical softening,” where the connective tissue becomes pli-
able due to the action of relaxin.

V Ectocervix
A. The outer epithelial surface of the vaginal portion of the cervix (portio vaginalis) is called the ectocervix.

B. The epithelial surface lining the lumen of the endocervical canal is called the endocervix.

C. The endocervical canal connects the uterine cavity with the vaginal cavity and extends from the inter-
nal os to the external os.

Figure 16-7 Uterine fibroids (leiomyoma).
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D. At puberty, the simple columnar epithelium of the endocervical canal extends onto the ectocervix. How-
ever, exposure of the simple columnar epithelium to the acidic (pH = 3) environment of the vagina 
induces a transformation from columnar to squamous epithelium (i.e., squamous metaplasia) and the 
formation of a transformation zone.

E. The transformation zone is the site of nabothian cysts, which develop as stratified squamous epithe-
lium grows over the mucus-secreting simple columnar epithelium and entraps large amounts of mucous.

F. Squamous Cell Carcinoma of the 
Cervix (Figure 16-8). The transformation 
zone is the most common site of squamous 
cell carcinoma of the cervix, which is usually 
preceded by epithelial changes called cervical 
intraepithelial neoplasias (CINs) diagnosed 
by a Papanicolaou smear. Human papilloma-
virus (HPV) has also been linked as an impor-
tant factor in cervical oncogenesis and is often 
tested for. Cervical carcinoma may spread to the 
side wall of the pelvis, where the ureters may 
become obstructed leading to hydronephrosis. 
The most common site of lymph node spread 
(i.e., sentinel nodes) is to the obturator lymph 
nodes. The computed tomography (CT) scan 
shows a mass (large arrow) immediately poste-
rior to the urinary bladder. A small amount of 
gas is present within the mass (small arrow) sec-
ondary to necrosis. Note the indentation of the 
posterior margin of the urinary bladder.

VI Vagina (Figure 16-1)

A. General Features
1. The vagina extends from the cervix to the vestibule of the vagina.

2. The vagina is the longest part of the birth canal, and its distention during childbirth is limited by 
the ischial spine and sacrospinous ligaments.

 3. The vagina forms a recess around the cervix called the fornix. The fornix is divided into three 
regions.
a. Anterior fornix is located anterior to the cervix and is related to the vesicouterine pouch. 

The urinary bladder is palpable through the anterior fornix during a digital examination.
b. Lateral fornices are located lateral to the cervix.
c. Posterior fornix is located posterior to the cervix and is related to the rectouterine pouch (of 

Douglas). The rectum, sacral promontory (S1 vertebral body), and coccyx are palpable through 
the posterior fornix during digital examination. The posterior fornix is a site for culdocentesis.

Figure 16-8 Squamous cell carcinoma of the cervix.
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B. Arterial Supply
 1. The arterial supply of the superior portion of the vagina is from the vaginal branches of uterine 

artery, which arises from the internal iliac artery.

 2. The arterial supply of the middle and lower portions of the vagina is from the internal pudendal 
artery, which arises from the internal iliac artery.

C. Venous Drainage. The venous drainage of the vagina is to the vaginal venous plexus (which is 
continuous with the uterine venous plexus), which empties into the internal iliac veins → IVC.

D. Clinical Considerations
 1. Culdocentesis is a procedure where a needle is passed through the posterior fornix into the rec-

touterine pouch of the peritoneal cavity to obtain a fluid sample for analysis or to collect oocytes 
for in vitro fertilization. It provides diagnostic information for many gynecologic conditions (e.g., 
pelvic inflammatory disease, ectopic tubal pregnancy).

 2. Cystocele is the herniation of the urinary bladder into the anterior wall of the vagina.

 3. Rectocele is the herniation of the rectum into the posterior wall of the vagina.

 4. Bartholin cyst (BC) (Figure 16-9) is caused by an obstruc-
tion of the duct from the greater vestibular glands of Bartholin. 
The diagram shows a BC on the right side of the vestibule of the 
vagina.

 5. Vaginitis is a chronic infection most often caused by Trichomonas 
vaginalis (15% of cases), Candida albicans (25%), or Gardnerella 
vaginalis (30%). The vaginal epithelium is resistant to bacteria, 
fungal, and protozoan invasion so that the pathogens remain 
within the lumen of the vagina.
a. T. vaginalis is a flagellated protozoan, which is sexu-

ally transmitted. It produces a vaginitis characterized by an 
inflammatory vaginal smear with numerous neutrophils, fiery-
red appearance of the vaginal and cervical mucosa (“straw-
berry mucosa”), and a thin, gray-white, frothy, purulent, 
malodorous discharge (pH > 4.5). Postcoital bleeding is a 
common complaint. The organism is best seen in fresh prepa-
rations diluted with warm saline where the tumbling motility 
of the organism can be observed.

b. C. albicans is a yeast that produces pseudohyphae and true hyphae in tissues. It produces 
superficial white patches or large fluffy membranes that easily detach leaving a red, irritated 
underlying surface and a thick, white, “cottage cheese” discharge (pH < 4.5). The organism 
can be observed on KOH preparations of the discharge.

c. G. vaginalis is a gram-negative bacillus bacterial infection generally called bacterial vagi-
nosis, where higher levels than normal of the bacteria are present. It is not sexually transmit-
ted. It produces a vaginitis characterized by no inflammatory vaginal smear, no changes in the 
mucosa, and a thin, homogenous, somewhat adherent, fishy-odor discharge (pH > 4.5). 
The discharge gives a positive amine test (“whiff test”; fishy amine smell) when mixed with 
KOH. A vaginal smear will show an increased number of bacteria and “clue cells,” which are 
squamous cells with a clumped nucleus and a folded cytoplasm covered with bacteria.

Figure 16-9 Bartholin cyst.

BC
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VII External Genitalia (Figure 16-10)

A. Labia Majora. The labia majora are two folds of hairy skin with underlying fat pads.

B. Labia Minora
1. The labia minora are two folds of hairless skin located medial to the labia majora that enclose the 

vestibule of the vagina.

 2. Each labium minus is continuous anteriorly with the prepuce of the clitoris and the frenulum 
of the clitoris.

 3. Each labium minus is continuous posteriorly with the fourchette, which connects the labia 
minora with the vaginal introitus (entry).

C. Vestibule of the Vagina
1. The vestibule of the vagina is the space between the labia minora.

2. The vestibule contains the urethral orifice, paraurethral glands (of Skene), vaginal introitus 
(entry) incompletely covered by the hymen, greater vestibular glands (of Bartholin), and 
lesser vestibular glands.

D. Clitoris
 1. Although the clitoris is homologous with the penis, the clitoris has no corpus spongiosum and does 

not transmit the urethra.

 2. The body of the clitoris is formed by two corpora cavernosa, which are continuous with the 
crura of the clitoris.

 3. The glans of the clitoris is formed by the fusion of the vestibular bulbs.

Figure 16-10 Diagram of the external female genitalia. The labia minora are typically passively apposed so that 
the vestibule of the vagina is closed. In this figure, the labia minora are spread apart to demonstrate various anatomical 
structures.
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VIII Innervation of the Female Reproductive System
A. Parasympathetic

1. Preganglionic neuronal cell bodies are located in the gray matter of the S2 to S4 spinal cord.
Preganglionic axons form the pelvic splanchnic nerves, which interact with the inferior hypo-
gastric plexus.

 2. Postganglionic neuronal cell bodies are located near or within the female viscera.

 3. Postganglionic axons terminate on smooth muscle and glands.

B. Sympathetic
1. Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the spinal 

cord. Preganglionic axons form the sacral splanchnic nerves.

 2. Postganglionic neuronal cell bodies are located in the inferior hypogastric plexus.

 3. Postganglionic axons terminate on smooth muscle and glands.
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Male Reproductive System

I Testes (Figures 17-1 and 17-2)

A. General Features
1. The testes are surrounded incompletely (medially, laterally, and anteriorly, but not posteriorly) by 

a sac of peritoneum called the tunica vaginalis.
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Apex of urinary
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Figure 17-1 Male reproductive system. Note the pathway of sperm: Seminiferous tubules → straight tubules → 
rete testes → efferent ductules → epididymis → ductus deferens → ejaculatory duct → prostatic urethra → membranous 
urethra → penile urethra.



 Male Reproductive System 173

Cavity of
tunica vaginalis     

Lateral view
     

Epididymis
and testis
covered by
visceral layer of
tunica vaginalis     

Internal
spermatic fascia
(lined internally by 
parietal layer of
tunica vaginalis) Appendix

testis    

Sinus of 
epididymis

Lateral view
     

Ductus deferens    

Testicular artery

Epididymis
head

tail
body

Testicular vein
(pampiniform venous plexus)

Cavity of
tunica vaginalis

Visceral layer of
tunica vaginalis

Septum

Seminiferous
tubule

Rete testis in
mediastinum of testis

Straight tubule

Parietal layer of
tunica vaginalis

Tunica albuginea

Efferent ductules

Lobules of epididymis 

Spermatic cord

Artery of
ductus deferens

Prostatic
sinuses

Prostate

External
urethral
sphincter

Seminal
colliculus

Urethral
crest

Bladder
wall

Prostatic
utricle

Perineal
membrane

Bulb of
penis

Duct of
bulbourethral gland

Opening of
bulbourethral duct

Bulbourethral
glands

Openings of
prostatic ducts
into prostatic
sinuses

Opening of
ejaculatory duct

A

B

Figure 17-2 A: Anatomy of the testes and epididymis. B: Anatomy of the interior of the male bladder and urethra.
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E. Clinical Considerations
 1. Cryptorchidism (Figure 17-3) occurs when the tes-

tes begin to descend along the normal pathway but 
fail to reach the scrotum (versus an ectopic testes, 
which descends along an abnormal pathway). The 
undescended testis is generally found within the 
inguinal canal or abdominal cavity near the deep 
inguinal ring. Bilateral cryptorchidism results in ste-
rility since the cooler temperature of the scrotal sac 
is necessary for spermatogenesis. Cryptorchidism is 
associated with an increased incidence of cancer and 
torsion. The photograph shows that both testes have 
not descended into the scrotal sac. The undescended 
right testis is apparent (arrow).

Figure 17-3 Cryptorchidism.

 2. Beneath the tunica vaginalis, the testes are surrounded by a thick connective tissue capsule called 
the tunica albuginea because of its whitish color.

 3. Beneath the tunica albuginea, the testes are surrounded by a highly vascular layer of connective 
tissue called the tunica vasculosa.

 4. The tunica albuginea projects connective tissue septa inward toward the mediastinum, which 
divides the testes into about 250 lobules, each of which contains one to four highly coiled semi-
niferous tubules. These septa converge toward the midline on the posterior surface, where they 
meet to form a ridge-like thickening called the mediastinum.

 5. The testes contain the seminiferous tubules, straight tubules, rete testes, efferent ductules, 
and the Leydig (interstitial) cells.

B. Arterial Supply
 1. The arterial blood supply of the testes is from the testicular arteries, which arise from the abdom-

inal aorta just inferior to the renal arteries.

 2. There is a rich collateral arterial blood supply from the internal iliac artery via the artery of the 
ductus deferens, inferior epigastric artery via the cremasteric artery, and femoral artery via the 
external pudendal artery. The collateral circulation is sufficient to allow ligation of the testicular 
artery during surgery.

C. Venous Drainage
 1. The venous drainage of the testes is to the right testicular vein (which empties into the inferior 

vena cava [IVC]) and the left testicular vein (which empties into the left renal vein).

 2. This is important in males, where the appearance of a left-side testicular varicocele may indicate 
occlusion of the left testicular vein and/or left renal vein due to a malignant tumor of the kidney.

 3. The testicular veins are formed by the union of the veins of the pampiniform plexus.

D. Lymphatic Drainage. The lymph drainage of the testes is to the lateral aortic nodes.
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Figure 17-4 Hydrocele.

 2. Hydrocele of Testes (Figure 17-4) occurs when a 
small patency of the processus vaginalis remains so 
that peritoneal fluid can flow into the tunica vaginalis 
surrounding the testes. The photograph shows a bilat-
eral hydrocele.

Figure 17-5 Varicocele.

 3. Varicocele (Figure 17-5) is an abnormal dilatation 
of the pampiniform plexus and testicular vein and 
usually presents as a palpable “bag of worms” scrotal 
swelling. It most often occurs on the left side (90%) 
due to compression of the left testicular vein by the 
sigmoid colon, which contains stored feces and is 
often associated with infertility. The diagram shows 
the abnormal dilatation of the pampiniform plexus of 
veins (arrow).

 4. Torsion (Figure 17-6) is the rotation of the testes 
about the spermatic cord, usually toward the penis 
(i.e., medial rotation). An increased incidence occurs 
in men with testes in a horizontal position and a high 
attachment of the tunica vaginalis to the spermatic 
cord (“bell clapper deformity”). Torsion is a medical 
emergency since compression of the testicular vessels 
results in ischemic necrosis within 6 hours. The pho-
tograph shows the cut section of the testis from a man 
who experienced sudden excruciating scrotal pain. 
Note the diffuse hemorrhage and necrosis of the testis 
and adnexal structures.

Figure 17-6 Torsion.
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II Epididymis (Figures 17-1 and 17-2)

A. The epididymis is a very long (6 m) and highly coiled duct that is described as having a head region, 
body region, and tail region (which is continuous with the ductus deferens).

B. Sperm maturation (i.e., motility) and storage occur in the head and body of the epididymis.

C. The principal cells lining the epididymis have the following functions: Continued resorption of tes-
ticular fluid that began in the efferent ductules; phagocytosis of degenerating sperm or spermatid 
residual bodies not phagocytosed by the Sertoli cells; and secretion of glycoproteins, which bind to 
the surface of the cell membrane of the sperm, sialic acid, and glycerophosphocholine (which inhibits 
capacitation, thus preventing sperm from fertilizing a secondary oocyte until the sperm enters the 
female reproductive tract).

D. In the tail region of the epididymis, the muscular coat consists of an inner longitudinal layer, middle 
circular layer, and outer longitudinal layer of smooth muscle. These three layers contract due to
neural stimulation during sexual excitation and force sperm from the tail of the epididymis to the ductus 
deferens. This is the initial muscular component that contributes to the force of emission.

III Ductus Deferens (Figures 17-1 and 17-2)

A. General Features
1. The ductus deferens begins at the inferior pole of the testes, ascends to enter the spermatic cord,

transits the inguinal canal, enters the abdominal cavity by passing through the deep inguinal ring, 
crosses the external iliac artery and vein, and enters the pelvis.

 2. The distal end of the ductus deferens enlarges to form the ampulla, where it is joined by a short
duct from the seminal vesicle to form the ejaculatory duct.

 3. The smooth muscular coat of the ductus deferens is similar to the tail region of the epididymis 
(i.e., inner longitudinal layer, middle circular layer, and outer longitudinal layer of smooth 
muscle) and contributes to the force of emission.

B. Arterial Supply. The arterial supply of the ductus deferens is from the artery of the ductus 
deferens, which arises from the internal iliac artery and anastomoses with the testicular artery.

C. Venous Drainage. The venous drainage of the ductus deferens is to the testicular vein and the
distal pampiniform plexus.

D. Clinical Consideration: Vasectomy. The scalpel will cut through the following layers in
succession to gain access to the ductus deferens: Skin → Colles fascia and dartos muscle → external 
spermatic fascia → cremasteric fascia and muscle → internal spermatic fascia → extraperitoneal fat. The 
tunica vaginalis is not cut.
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IV Contents of the Spermatic Cord. The contents of the spermatic cord
include the following: Ductus deferens; testicular artery; artery of the ductus deferens; cremasteric 
artery; pampiniform venous plexus; sympathetic and parasympathetic nerves, which form the 
testicular plexus of nerves; genital branch of the genitofemoral nerve; cremasteric nerves; and 
lymphatics.

V Ejaculatory Duct (Figures 17-1 and 17-2)

A. The distal end of the ductus deferens enlarges to form the ampulla, where it is joined by a short duct
from the seminal vesicle to form the ejaculatory duct.

B. The ejaculatory duct passes through the prostate gland and opens into the prostatic urethra at the semi-
nal colliculus of the urethral crest.

C. The ejaculatory duct has no smooth muscular coat, so it does not contribute to the force for emission.

VI Seminal Vesicles (Figures 17-1 and 17-2)

A. The seminal vesicles are highly coiled tubular diverticula that originate as evaginations of the ductus
deferens distal to the ampulla.

B. Contraction of the smooth muscle of the seminal vesicle during emission will discharge seminal fluid
into the ejaculatory duct.

C. The seminal fluid is a whitish yellow viscous material that contains fructose (the principal metabolic
substrate for sperm) and other sugars, choline, proteins, amino acids, ascorbic acid, citric acid,
and prostaglandins.

D. Seminal fluid accounts for 70% of the volume of the ejaculated semen.
E. In forensic medicine, the presence of fructose (which is not produced elsewhere in the body) and cho-

line crystals are used to determine the presence of semen.

VII Bulbourethral (BU) Glands of Cowper (Figures 17-1 and 17-2)

A. The BU glands are located in the deep perineal space embedded in the skeletal muscles of the urogenital
diaphragm (i.e., deep transverse perineal muscle and sphincter urethrae muscle) and adjacent to the 
membranous urethrae.

B. The ducts of the BU glands open into the penile urethra.
C. The BU fluid is a clear, mucus-like, slippery fluid that contains galactose, galactosamine, galact-

uronic acid, sialic acid, and methylpentose.
D. This fluid makes up a major portion of the preseminal fluid (or pre-ejaculate fluid) and probably serves

to lubricate the penile urethra.
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VIII Prostate Gland (Figures 17-1, 17-2, and 17-7)

A. General Features
1. The prostate gland is located between the base of the urinary bladder and the urogenital dia-

phragm.

 2. The prostate gland has three surfaces which include the following: (a) muscular anterior surface
that is related to the retropubic space, (b) inferior lateral surfaces that are related to the levator 
ani, and (c) posterior surface that is related to the seminal vesicles and the ampulla of the rectum. 
The prostate gland can be easily palpated by a digital examination via the rectum.

Peripheral zone

Periurethral zone

Central zone

Urethral sinus

Capsule

Prostatic
urethra

Ejaculatory
duct

B

A

Figure 17-7 Prostate gland. A: Diagram of the prostate gland indicating the relationship of the periurethral zone, 
central zone, and peripheral zone to the prostatic urethra. B: Magnetic resonance image shows a low-intensity periure-
thral zone (open arrows), the urethra (long arrow), and the high-intensity peripheral zone (curved arrows). B, bladder; oi, 
obturator; r, rectum.
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 3. The prostate gland consists of five lobes which include the following: (a) anterior lobe (or isth-
mus) which lies in front of the urethra and is devoid of glandular tissue, (b) middle (or median) 
lobe which lies between the urethra and ejaculatory ducts and is prone to benign prostatic 
hypertrophy, (c) posterior lobe which lies behind the urethra below the ejaculatory ducts and is 
prone to prostatic carcinoma (PC), and (d) right and left lateral lobes which lie on either side 
of the urethra and form the main mass of the prostate gland.

 4. The prostate gland is a collection of 30 to 50 compound tubuloalveolar glands that urologists like 
to arrange in three concentric zones which include the following: (a) periurethral zone that is 
closest to the prostatic urethra, (b) central zone, and (c) peripheral zone that is farthest from 
the prostatic urethra.

 5. The glands in the periurethral zone empty their secretions directly into the prostatic urethra. The 
glands in the central zone and peripheral zones empty their secretions via excretory ducts into  
the prostatic urethra at the prostatic sinus which is a groove on either side of the urethral crest on 
the posterior wall of the prostatic urethra.

 6. Prostatic fluid contains citric acid, prostatic acid phosphatase (PAP), prostaglandins, fibrino-
gen, and prostatic specific antigen (PSA) (a serine protease that liquefies semen after ejaculation).

B. Arterial Supply. The arterial supply is from the inferior vesical artery, which arises from the 
internal iliac artery.

C. Venous Drainage. The venous drainage follows two pathways.

 1. The first pathway is to the prostatic venous plexus → internal iliac veins → IVC. This may 
explain the metastasis of prostatic cancer to the heart and lungs.

 2. The second pathway is to the prostatic venous plexus → vertebral venous plexus → cranial 
dural sinuses. This may explain the metastasis of prostatic cancer to the vertebral column and brain.

D. Clinical Considerations
 1. Benign Prostatic Hyperplasia (BPH) 

(Figure 17-8) is characterized by hyper-
plasia of the periurethral zone, which 
generally involves the middle lobe and 
eventually develops in all men. Hyperpla-
sia of epithelial and fibromuscular stromal 
cells leads to the formation of soft, yellow-
pink nodules. BPH compresses the pros-
tatic urethra and obstructs urine flow. The 
hyperplasia may be due to increased sen-
sitivity of prostate to dihydrotestoster-
one (DHT). BPH is not premalignant. Clini-
cal signs include increased frequency of 
urination, nocturia, dysuria, difficulty start-
ing and stopping urination, dribbling, and 
sense of incomplete emptying of bladder. 
Treatment may include 5α-reductase inhib-
itors (e.g., finasteride [Proscar]) to block 
conversion of testosterone to DHT and/or 
α-adrenergic antagonists (e.g., terazosin, 
prazosin, doxazosin) to inhibit prostate 
gland secretion. The intravenous pyelogram 
(IVP) radiograph shows an elevation of the 
base of the bladder by a smooth half-moon 
filling defect (arrows). This causes a defor-
mity in the pathway of the ureter such that 
the ureters end in a hook (“fish-hooking” 
phenomena) (open arrows).

Figure 17-8 Benign prostatic hyperplasia.
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Figure 17-9 Prostatic carcinoma. r, rectum.

2. Prostatic Carcinoma (PC) (Figure 17-9)
is most commonly found in the periph-
eral zone, which generally involves the 
posterior lobe (which can be palpated 
upon a digital rectal examination). Neo-
plastic epithelial cells lead to the formation 
of yellow, firm, gritty tumors that invade 
the nearby structures. Since PC begins in 
the peripheral zone, by the time urethral 
blockage occurs (i.e., patient complains of 
difficulty in urination), the carcinoma is in 
an advanced stage. The patient is usually 
asymptomatic until the advanced stages. 
Clinical signs include indurated mass on 
digital rectal examination, obstructive 
uropathy, and low back or pelvic pain. 
Prostatic intraepithelial neoplasia 
(PIN) is frequently associated with PC. 
Serum PSA levels are diagnostic. Metasta-
sis to bone (e.g., lumbar vertebrae, pelvis) 
is frequent. Treatment may include leup-
rolide (Lupron), which is a gonadotropin-
releasing hormone (GNRH) agonist that 
inhibits the release of follicle-stimulating 
hormone (FSH) and luteinizing hormone 
(LH) when administered in a continuous 
fashion, thereby inhibiting secretion of 
testosterone; cyproterone (Androcur) or 
flutamide (Eulexin), which are andro-
gen receptor antagonists; radiation; and/
or prostatectomy. The magnetic resonance 
image (MRI) shows the low-intensity 
periurethral zone (small open arrow), the 
urethra (long arrow), and a low-intensity 
prostatic carcinoma (large open arrow) in 
the high-intensity peripheral zone of the 
posterior lobe (curved arrows).

IX Penis (Figure 17-10)

A. General Features
1. The penis consists of three columns of erectile tissue bounded together by the tunica albuginea:

One corpus spongiosum and two corpora cavernosa.

 2. The corpus spongiosum begins as the bulb of the penis and ends as the glans penis. It is ven-
trally situated in the penis and transmits the urethra. During erection, the corpus spongiosum does 
not get as turgid as the corpora cavernosa.

 3. The corpora cavernosa begin as the crura of the penis and end proximal to the glans penis.
They are dorsally situated in the penis.

 4. The erectile tissue of the penis found within the corpus spongiosum and corpora cavernosa
consists of vascular channels that are lined by endothelium.

 5. The penis is supported by the suspensory ligament, which arises from the linea alba and inserts
into the deep fascia (of Buck).
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Figure 17-10 Penis. A: Urethral surface of a circumcised penis (inferior view). B: Internal structure of the penis (lateral 
view). C: Cross section of the penis.

B. Arterial Supply. The arterial supply is from the deep artery of the penis (involved in the erec-
tion of the penis) and dorsal artery of the penis, both of which arise from the internal pudendal artery.

C. Venous Drainage. The venous drainage follows two pathways as follows.

 1. The first is to the deep dorsal vein of the penis → prostatic venous plexus → internal iliac 
vein → IVC.

 2. The second is to the superficial dorsal vein of the penis → external pudendal vein → great 
saphenous vein → femoral vein → external iliac vein → IVC.

D. Innervation. The penis is innervated by the pudendal nerve via the dorsal nerve of the penis.
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X Innervation of the Male Reproductive System
A. Parasympathetic

1. Preganglionic neuronal cell bodies are located in the gray matter of the S2 to S4 spinal cord. 
Preganglionic axons form the pelvic splanchnic nerves, which interact with the inferior hypo-
gastric plexus.

 2. Postganglionic neuronal cell bodies are located near or within the male viscera.

 3. Postganglionic axons terminate on smooth muscle and glands.

B. Sympathetic
1. Preganglionic neuronal cell bodies are located in the intermediolateral cell column of the spinal 

cord. Preganglionic axons form the sacral splanchnic nerves.

 2. Postganglionic neuronal cell bodies are located in the inferior hypogastric plexus.

 3. Postganglionic axons terminate on smooth muscle and glands.

XI Erection, Secretion, Emission, and Ejaculation
A. Erection. Erection of the penis is controlled by the parasympathetic nervous system via the pelvic 

splanchnic nerves (S2 to S4), which dilate the blood vessels supplying the erectile tissue. This engorges 
the corpora cavernosa and corpus spongiosum with blood; compresses the veins which impedes venous 
return; and causes a full erection. The erection of the penis is also maintained by the somatic nervous 
system via the perineal branch of the pudendal nerve, which contracts the bulbospongiosus mus-
cles and ischiocavernosus muscles. This compresses the erectile tissue of the bulb of the penis and the 
crura of the penis and helps to maintain the erection.

B. Secretion. Secretion from the seminal vesicles, BU glands of Cowper, and prostate gland is con-
trolled by the parasympathetic nervous system via the pelvic splanchnic nerves (S2 to S4), which 
stimulate the secretory activity of these glands.

C. Emission. Emission from the penis is controlled by the sympathetic nervous system via the L3 and 
L4 lumbar splanchnic nerves and the sacral splanchnic nerves, which contracts the smooth muscle 
of the tail region of the epididymis, ductus deferens, seminal vesicle, and prostate gland, thus promoting 
movement of sperm and fluid; and contracts the internal urethral sphincter (i.e., smooth muscle), thus 
preventing reflux of sperm and fluid into the urinary bladder.

D. Ejaculation. Ejaculation from the penis is controlled by the somatic nervous system via the puden-
dal nerve, which contracts the bulbospongiosus muscle (i.e., skeletal muscle) to propel sperm and 
fluid and relaxes the sphincter urethrae muscle located within the deep perineal space (i.e., skeletal 
muscle; also called the external urethral sphincter).
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Pelvis

 I   Bones of the Pelvis (Figure 18-1)

The bony pelvis is a basin-shaped ring of bone that consists of the following.

A. Coxal (Hip Bone). There are two coxal bones, and each coxal bone is formed by the fusion of the 
ischium, ilium, and pubis, which join at the acetabulum (an incomplete cup-shaped cavity) of the hip 
joint.

 1. Ilium
a. The ilium forms the lateral part of the hip bone and joins the ischium and pubis to form the 

acetabulum and ala.
b. The ilium is composed of the anterior superior iliac spine, anterior inferior iliac spine, posterior 

iliac spine, greater sciatic notch, iliac fossa, and gluteal lines.

 2. Ischium
a. The ischium joins the ilium and superior ramus of the pubis to form the acetabulum.
b. The ramus of the ischium joins the inferior pubic ramus to form the ischiopubic ramus.
c. The ischium is composed of the ischial spine, ischial tuberosity, and lesser sciatic notch.

 3. Pubis
a. The pubis forms the anterior part of the acetabulum and the anteromedial part of the hip bone.
b. The pubis is composed of the body, superior ramus, and inferior ramus.

B. Sacrum
 1. The sacrum is formed by the fusion of the S1 to S5 vertebrae and is the posterior portion of the 

bony pelvis.

 2. The sacrum contains the dorsal sacral foramina, which transmit dorsal primary rami of sacral 
spinal nerves; ventral sacral foramina, which transmit ventral primary rami of sacral spinal 
nerves; and sacral hiatus, which is formed due to the failure of the laminae of the S5 vertebrae to 
fuse.

 3. The pedicles form the sacral cornua, which are important landmarks in locating the sacral hiatus 
for administration of caudal anesthesia.

C. Coccyx (Tail Bone). The coccyx is formed by the fusion of the Co1 to Co4 vertebrae.
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Figure 18-1 Bones of the pelvis. A: The right coxal bone (lateral and medial views). B: The sacrum and coccyx (ante-
rior and posterior views).
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 II Greater and Lesser Sciatic Foramina. The sacrotuberous ligament 
(runs from the sacrum to the ischial tuberosity) and sacrospinous ligament (runs from the sacrum 
to the ischial spine) help define the borders of the foramina.

A. Greater Sciatic Foramen
 1. The greater sciatic foramen is divided into the suprapiriformis recess and infrapiriformis recess

by the piriformis muscle.

 2. The greater sciatic foramen transmits the following important structures as they exit the pelvic cav-
ity to enter the gluteal and thigh regions: Superior gluteal vein, artery, and nerve; piriformis 
muscle; inferior gluteal vein, artery, and nerve; sciatic nerve; internal pudendal vein and 
artery; and pudendal nerve.

B. Lesser Sciatic Foramen
 1. The lesser sciatic foramen transmits the following important structures as they re-enter the pelvic 

cavity and proceed to the perineum: Internal pudendal vein and artery and pudendal nerve.

 2. Note that the internal pudendal vein, internal pudendal artery, and pudendal nerve exit the pelvic 
cavity via the greater sciatic foramen and then re-enter the pelvic cavity through the lesser sciatic 
foramen and proceed to the perineum.

 III  Pelvic Inlet (Pelvic Brim) (Figure 18-2)

A. The pelvic inlet is defined by the sacral promontory (S1 vertebra) and the linea terminalis. The linea 
terminalis includes the pubic crest, iliopectineal line, and arcuate line.

B. The pelvic inlet divides the pelvic cavity into two parts: The major (false) pelvic cavity, which lies 
above the pelvic inlet between the iliac crests and is actually part of the abdominal cavity, and the minor 
(true) pelvic cavity, which lies below the pelvic inlet and extends to the pelvic outlet.

C. The pelvic inlet is oval shaped in females and heart shaped in males.
D. The measurements of the pelvic inlet include the following.

 1. True Conjugate Diameter is the distance from the sacral promontory to the superior margin of 
the pubic symphysis. This diameter is measured radiographically on a lateral projection.

 2. Diagonal Conjugate Diameter is the distance from the sacral promontory to the inferior mar-
gin of the pubic symphysis. This diameter is measured during an obstetric examination.

 IV Pelvic Outlet
A. The pelvic outlet is defined by the coccyx, ischial tuberosities, inferior pubic ramus, and pubic 

symphysis.
B. The pelvic outlet is closed by the pelvic diaphragm and urogenital diaphragm.
C. The pelvic outlet is diamond shaped in both females and males.
D. The pelvic outlet is divided into the anal triangle and urogenital triangle by a line passing through 

the ischial tuberosities.
E. The measurements of the pelvic outlet include the following.

 1. Transverse Diameter is the distance between the ischial tuberosities.

 2. Interspinous Diameter is the distance between the ischial spines. The ischial spines may present 
a barrier to the fetus during childbirth if the interspinous diameter is less than 9.5 cm.
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 V Comparison of the Female and Male Pelvis (Table 18-1)

Table 18-1: Comparison of Female and Male Pelvis
Female Pelvis Male Pelvis

Thin and light Thick and heavy

Pelvic inlet is oval shaped Pelvic inlet is heart shaped

Pelvic outlet is diamond shaped Pelvic outlet is diamond shaped

Pelvic outlet is comparatively larger due to everted  
ischial tuberosities

Pelvic outlet is comparatively small

Major (false) pelvic cavity is shallow Major (false) pelvic cavity is deep

Minor (true) pelvic cavity is wide and shallow; cylindrical Minor (true) pelvic cavity is narrow and deep; tapering

Subpubic angle (pubic arch) is wide (>80 degrees) Subpubic angle (pubic arch) is narrow (<70 degrees)

Greater sciatic notch is wide (∼90 degrees) Greater sciatic notch is narrow (∼70 degrees); inverted V

Sacrum is short and wide Sacrum is long and narrow

Obturator foramen is triangular shaped Obturator foramen is round shaped

Figure 18-2 A: Diagram shows the relationships (median and coronal views) of the thoracic, abdominal, and pelvic cavi-
ties. B: A lateral view of the pelvis. The diameter of the pelvic inlet is measured by the true conjugate (TC) diameter and the 
diagonal conjugate (DC) diameter. The opening of the pelvic outlet is shown (line with arrows) extending from the pubic 
symphysis to the coccyx. Note also that in the natural position of the bony pelvis, the anterior superior iliac spine and the 
pubic tubercle lie in the same vertical plane (see X’s). C: A superior view of the pelvis. The diameter of the pelvic outlet is 
measured by the transverse diameter (TD) and the interspinous diameter (IS). D: A lateral view of the pelvis. Note that during 
childbirth the fetal head must pass through the pelvic inlet. The TC and DC diameters measure the diameter of the pelvic 
inlet. E: A frontal view of the pelvis. Note that during childbirth the fetal head must pass through the pelvic outlet. The IS 
diameter measures the diameter of the pelvic outlet. The TC, DC, and IS diameters are important during childbirth, where 
the fetus must travel through the birth canal, which consists of the pelvic inlet → minor pelvis → cervix → vagina → pelvic 
outlet.
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 VI Muscles of the Pelvis (Figure 18-3). The muscles of the pelvis include the obturator 
internus muscle, piriformis muscle, coccygeus muscle, and levator ani muscles (iliococcygeus, 
pubococcygeus, and puborectalis muscles).
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Figure 18-3 Muscles of the pelvic floor and walls. This figure shows a superior view of the muscles of the pelvis.

 VII Arterial Supply
A. Internal Iliac Artery. The internal iliac artery arises from the bifurcation of the common iliac 

artery. The internal iliac artery is commonly divided into an anterior division and a posterior division.

 1. Anterior Division gives off the following branches.
a. Inferior gluteal artery exits the pelvis via the infrapiriformis recess of the greater sciatic fora-

men (i.e., inferior to the piriformis muscle). This artery supplies the pelvic diaphragm, pirifor-
mis, quadratus femoris, uppermost hamstrings, gluteus maximus, and sciatic nerve.

b. Internal pudendal artery exits the pelvis via the infrapiriformis recess of the greater sciatic 
foramen (i.e., inferior to the piriformis muscle), enters the perineum via the lesser sciatic fora-
men, and courses to the urogenital triangle via the pudendal canal. This artery supplies the 
perineum (main artery of the perineum), including the skin and muscles of the anal triangle and 
the urogenital triangle and the erectile bodies.

c. Umbilical artery runs along the lateral pelvic wall and alongside the bladder for a short dis-
tance, then obliterates to form the medial umbilical ligament. The umbilical artery gives rise 
to the superior vesical artery, which supplies the superior part of the urinary bladder.

d. Obturator artery runs along the lateral pelvic wall and exits the pelvis via the obturator canal. 
This artery supplies the pelvic muscles, muscles of the medial compartment of the thigh, head 
of the femur, and ilium.

e. Vaginal artery (female) or inferior vesical artery (male). The vaginal artery in the female 
supplies the anterior and posterior walls of the vagina, vestibular bulb, and adjacent rectum. The 
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inferior vesical artery in the male runs in the lateral ligament of the bladder and supplies the 
fundus of the bladder, prostate gland, seminal vesicle, ductus deferens, and lower part of the ureter.

f. Uterine artery (female) or artery of the ductus deferens (male). The uterine artery in 
the female runs medially in the base of the broad ligament to reach the junction of the cervix 
and body of the uterus and runs in front of and above the ureter near the lateral fornix of the 
vagina. This uterine artery supplies the uterus, ligaments of the uterus, uterine tube, ovary, cer-
vix, and vagina. The artery of the ductus deferens in the male supplies the ductus deferens.

g. Middle rectal artery runs medially and descends in the pelvis. The middle rectal artery supplies 
the lower part of the rectum, upper part of the anal canal, prostate gland, and seminal vesicles.

 2. Posterior Division gives off the following branches.
a. Iliolumbar artery ascends anterior to the sacroiliac (SI) joint and posterior to the psoas major 

muscle. This artery supplies the psoas major, iliacus, quadratus lumborum, and cauda equina 
in the vertebral canal.

b. Lateral sacral artery runs medially in front of the sacral plexus and gives rise to branches that 
enter the anterior sacral foramina and then emerge from the posterior sacral foramina. This artery 
supplies the meninges, roots of the sacral nerves, and muscles and skin overlying the sacrum.

c. Superior gluteal artery exits the pelvis via the suprapiriformis recess of the greater sciatic 
foramen (i.e., superior to the piriformis muscle). This artery supplies the piriformis, gluteal 
muscles, and tensor fascia lata.

B. Median Sacral Artery arises from the posterior aspect of the abdominal aorta and runs close 
to the midline over the L4 and L5 vertebrae, sacrum, and coccyx. The median sacral artery gives rise 
to medial sacral arteries. This median sacral artery supplies the posterior part of the rectum, lower 
lumbar vertebrae, sacrum, and coccyx.

C. Superior Rectal Artery is a continuation of the inferior mesenteric artery and descends into the 
pelvis between the layers of the sigmoid mesocolon. This artery supplies the superior part of the rectum.

D. Ovarian Artery (Female) or Testicular Artery (Male). The ovarian artery in the 
female arises from the abdominal aorta and reaches the ovary through the suspensory ligament of the 
ovary. This artery supplies the ureter, ovary, and ampulla of the uterine tube. The testicular artery in 
the male arises from the abdominal aorta and then runs in the inguinal canal to enter the scrotum. This 
artery supplies the ureter, testis, and epididymis.

 VIII Venous Drainage
A. Pelvic Venous Plexuses. The pelvic venous plexuses within the minor (true) pelvic cavity are 

formed by intercommunicating veins surrounding the pelvic viscera and include the rectal venous 
plexus, vesical venous plexus, prostatic venous plexus, uterine venous plexus, and vaginal 
venous plexus. These pelvic venous plexuses drain venous blood via a number of different pathways, 
as follows.

1. Pelvic venous plexuses → internal iliac veins, which join the external iliac veins to form the common 
iliac veins → common iliac veins, which join to form the inferior vena cava (IVC). This is the main 
venous drainage pathway.

2. Pelvic venous plexuses → median sacral vein → common iliac vein → IVC

3. Pelvic venous plexuses → ovarian veins → IVC

4. Pelvic venous plexuses → superior rectal vein → inferior mesenteric vein → portal vein

5. Pelvic venous plexuses → lateral sacral veins → internal vertebral venous plexus → cranial dural 
sinuses
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 IX Nerves (Figure 18-4)

A. Sacral Plexus. The components of the sacral plexus include the following.

 1. Rami are the L4 to L5 (lumbosacral trunk) and S1 to S4 ventral primary rami of spinal nerves.

 2. Divisions (anterior and posterior) are formed by rami dividing into anterior and posterior 
divisions.

 3. Branches. The major terminal branches are as follows.
a. Superior gluteal nerve (L4-S1) innervates the gluteus medius, gluteus minimus, and tensor 

fascia lata muscles.
b. Inferior gluteal nerve (L5-S2) innervates the gluteus maximus muscle.
c. Nerve to piriformis (S1, S2) innervates the piriformis muscle.
d. Common fibular nerve (L4, L5, S1, S2)
e. Tibial nerve (L4, L5, S1 to S3). The tibial nerve and common fibular nerve comprise the

sciatic nerve (see Chapter 21).
f. Nerve to the quadratus femoris and inferior gemellus (L5-S1) innervates the quadratus 

femoris and inferior gemellus muscles.
g. Nerve to the obturator internus and superior gemellus (L5-S2) innervates the obturator 

internus and superior gemellus muscles.
h. Posterior femoral cutaneous nerve (S1 to S3) innervates the skin of the buttock, thigh, and 

calf (sensory). This nerve gives rise to the inferior cluneal nerves and perineal branches.
i. Perforating cutaneous nerve (S2, S3) innervates the skin in the perineal area.
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Figure 18-4 Sacral plexus and coccygeal nerve plexus.
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j. Pudendal nerve (S2 to S4) passes through the greater sciatic foramen, crosses the ischial 
spine, and enters the perineum with the internal pudendal artery through the pudendal canal. 
This nerve gives rise to the inferior rectal nerve, perineal nerve, and dorsal nerve of the 
penis (or clitoris).

k. Nerves to the levator ani and coccygeus (S3, S4) innervate the levator ani muscles and the 
coccygeus muscle.

l. Anococcygeal nerves

B. Coccygeal Plexus. The components of the coccygeal plexus include the following.

 1. Rami are the S4 and S5 ventral primary rami of spinal nerves.

 2. Coccygeal Nerve innervates the coccygeus muscle, part of the levator ani muscles, and the sacro-
coccygeal joint.

 3. Branches. There are branches from the coccygeal plexus called the anococcygeal nerves, which 
innervate the skin between the tip of the coccyx and the anus.

C. Autonomic Components
 1. Superior Hypogastric Plexus is a continuation of the intermesenteric plexus from the inferior 

mesenteric ganglion below the aortic bifurcation and receives the L3 and L4 lumbar splanchnic 
nerves. This plexus contains ganglionic neuronal cell bodies upon which preganglionic sympa-
thetic axons of the L3 and L4 lumbar splanchnic nerves synapse on. The superior hypogastric 
plexus descends anterior to the L5 vertebra and ends by dividing into the right hypogastric 
nerve and left hypogastric nerve.

 2. Right and Left Hypogastric Nerves descend on either side lateral to the rectum and join the 
right or left inferior hypogastric plexus, respectively.

 3. Right and Left Inferior Hypogastric Plexuses are located against the posterolateral pelvic 
wall lateral to the rectum, vagina, and base of the bladder. The right and left inferior hypogastric 
plexuses are formed by the union of the right or left hypogastric nerves, sacral splanchnic 
nerves (L5 and S1 to S3), and pelvic splanchnic nerves (S2 to S4). This plexus contains gan-
glionic neuronal cell bodies upon which preganglionic sympathetic axons of the sacral splanchnic 
nerves (L5 and S1 to S3) synapse on.

 4. Sacral Sympathetic Trunk is a continuation of the paravertebral sympathetic chain ganglia in 
the pelvis. The sacral trunks descend on the inner surface of the sacrum medial to the sacral foram-
ina and converge to form the small median ganglion impar anterior to the coccyx.

 X Support of the Pelvic Organs
The pelvic organs are supported by the following muscles and ligaments.

A. Pelvic Diaphragm (Floor). The pelvic diaphragm is composed of the following muscles.

 1. Coccygeus Muscle
 2. Levator Ani Muscles, which consist of the following.

a. Iliococcygeus
b. Pubococcygeus
c. Puborectalis. This muscle forms a U-shaped sling around the anorectal junction causing a 

90-degree perineal flexure. This muscle is important in maintaining fecal continence.
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B. Urogenital Diaphragm. The urogenital diaphragm is composed of the following muscles.

 1. Deep Transverse Perineal Muscle
 2. Sphincter Urethra Muscle

C. Transverse Cervical Ligament (Cardinal Ligament of Mackenrodt) is a con-
densation of endopelvic fascia that extends laterally from the cervix to the side wall of the pelvis.

D. Uterosacral Ligament is a condensation of endopelvic fascia that extends posteriorly from the 
cervix to the sacrum.

E. Pubocervical Ligament is a condensation of endopelvic fascia that extends anteriorly from the 
cervix to the pubic symphysis.

 XI Clinical Considerations
A. Pelvic Relaxation is the weakening or loss of support of pelvic organs due to damage of the pel-

vic diaphragm, urogenital diaphragm, transverse cervical ligament (cardinal ligament of Mackenrodt), 
uterosacral ligament, and/or pubocervical ligament. This may result in cystocele (prolapse of urinary 
bladder into the anterior vaginal wall), rectocele (prolapse of rectum into posterior wall of vagina), 
or uterine prolapse (prolapse of uterus into vaginal vault). It is caused by multiple childbirths; birth 
trauma; increased intra-abdominal pressure due to obesity, heavy lifting, or chronic cough; or meno-
pausal loss of muscle tone. Clinical signs include a heavy sensation in the lower abdomen that exacer-
bates upon heavy lifting or prolonged standing, increased frequency of urination with burning sensation 
due to urine stagnation and bacterial proliferation, and urine leakage with coughing or sneezing (i.e., 
stress incontinence).

B. The Pelvic Ring. The pelvic ring consists of the sacrum and the two coxal bones that have resilient 
articulations where small degrees of movement are possible between the SI joint and the pubic sym-
physis. The sacrum is the keystone of the femoral–sacral arch that supports the vertebral column 
over the legs. The anterior and posterior SI ligaments attach the upper sacrum to the ilium. The 
sacrotuberous ligament and the sacrospinous ligament attach the lower sacrum to the ischium. The 
functional stability of the pelvic ring depends on these ligaments.

C. Pudendal Nerve Block (Figure 18-5) provides perineal anesthesia during forceps childbirth 
delivery by anesthetizing the pudendal nerve. A 1% lidocaine solution is injected transvaginally or 
just lateral to the labia majora around the tip of the ischial spine and through the sacrospinous 
ligament. The pain of childbirth is transmitted by the pudendal nerve through sensory fibers of S2 to 
S5 spinal nerves. The pudendal nerve passes out of the pelvic cavity through the greater sciatic foramen, 
travels around the posterior surface of the ischial spine, and re-enters the pelvic cavity through the lesser 
sciatic foramen. The pudendal nerve travels within the fascia of the obturator internus muscle (called the 
pudendal canal of Alcock) and divides into the inferior rectal nerve, perineal nerve, and dorsal 
nerve of the penis (or clitoris). To obtain a complete anesthesia of the perineal region, the ilioingui-
nal nerve (which branches into the anterior labial nerves), genitofemoral nerve, and perineal 
branch of the posterior femoral cutaneous nerve are anesthetized.
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Figure 18-5 Pudendal nerve block. A: Photographs of the clinical administration of a pudendal nerve block both 
transvaginally and lateral to the labia majora. The ischial spine is a good anatomic landmark. B: Diagram indicating 
the path of the pudendal nerve (curved arrow ) as it passes out of the pelvic cavity through the greater sciatic foramen 
(posterior to the ischial spine) and returns to the pelvic cavity through the lesser sciatic foramen as it proceeds to the 
perineum. SS, sacrospinous ligament; ST, sacrotuberous ligament. C: Diagram of the perineum in the lithotomy position. 
The posterior labial nerves (PL) and inferior rectal nerves (IR), which are terminal branches of the pudendal nerve, are 
shown. In addition, the ilioinguinal nerve (IL), genitofemoral nerve (GF), and perineal branch of the posterior femoral 
cutaneous nerve (PFC) are indicated.
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 XII Radiology
A. Anteroposterior Radiograph of Male Pelvis (Figure 18-6)
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Figure 18-6 A: Anteroposterior radiograph of the male pelvis. B: Diagrammatic representation of the radio-
graph in (A).
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 I Perineum (Figure 19-1)

A. The perineum is a part of the pelvic outlet located inferior to the pelvic diaphragm.

B. The perineum is diamond shaped and can be divided by a line passing through the ischial tuberosities 
into two triangles: The urogenital (UG) triangle and the anal triangle.
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Figure 19-1 Perineum. A: Osseous boundaries of the perineum. The diamond-shaped perineum extends from the 
pubic symphysis to the coccyx. Note that a transverse line joining the anterior ends of the ischial tuberosities divides  
the perineum into two unequal triangular areas, the urogenital triangle anteriorly and the anal triangle posteriorly. The 
midpoint of the transverse line indicates the site of the perineal body (central perineal tendon). B: This figure (inferior view) 
shows the male and female perineum with the superficial muscles imposed on the surface anatomy of the perineum. The 
diamond-shaped perineum is divided into the urogenital triangle and anal triangle.
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Table 19-1: Structure Within the Deep and Superficial Perineal Spaces
Male Female

Structures Within the Deep Perineal Space

Membranous urethra Urethra
Vagina

Urogenital (UG) diaphragm
Deep transverse perineal muscle
Sphincter urethrae muscle

UG diaphragm
 Deep transverse perineal muscle
 Sphincter urethrae muscle

Branches of internal pudendal artery
Artery of the penis

Branches of internal pudendal artery
 Artery of the clitoris

Branches of pudendal nerve
Dorsal nerve of the penis

Branches of pudendal nerve
 Dorsal nerve of the clitoris

Bulbourethral glands (of Cowper) No glands

Structures Within the Superficial Perineal Space

Penile (spongy) urethra Urethra
Vestibule of the vagina

Bulbospongiosus muscle
Ischiocavernosus muscle
Superficial transverse perineal muscle

Bulbospongiosus muscle
Ischiocavernosus muscle
Superficial transverse perineal muscle

Branches of internal pudendal artery
 Perineal artery → posterior scrotal arteries
 Dorsal artery of the penis
 Deep artery of the penis

Branches of internal pudendal artery
 Perineal artery → posterior labial arteries
 Dorsal artery of the clitoris
 Deep artery of the clitoris

Branches of pudendal nerve
 Perineal nerve → posterior scrotal nerves
 Dorsal nerve of the penis

Branches of pudendal nerve
 Perineal nerve → posterior labial nerves
 Dorsal nerve of the clitoris

Bulb of the penis
Crura of the penis

Vestibular bulb
Crura of the clitoris

Perineal body Perineal body
Round ligament of the uterus

Duct of the bulbourethral gland Greater vestibular glands (of Bartholin)

 II Urogenital (UG) Triangle. The UG triangle is composed of the following.

A. Deep Perineal Space
 1. The deep perineal space is a space that lies between the superior fascia of the UG diaphragm

and the inferior fascia of the UG diaphragm (perineal membrane).
 2. This space contains a number of structures that completely occupy it. The anatomic structures 

found within the deep perineal space of the male and female are indicated in Table 19-1.

 3. One of those structures is the UG diaphragm, which consists of the deep transverse perineal
muscle and the sphincter urethrae muscle.

B. Superficial Perineal Space
 1. The superficial perineal space is a space that lies between the inferior fascia of the UG dia-

phragm (perineal membrane) and the superficial perineal fascia (Colles fascia).
 2. The anatomic structures found within the superficial perineal space of the male and female are 

indicated in Table 19-1.
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C. Clinical Consideration. Episiotomy is an incision of the perineum made in order to enlarge the 
vaginal opening during childbirth. There are two types of episiotomies.

 1. Median Episiotomy starts at the frenulum of the labia minora and proceeds directly down-
ward cutting through the skin → vaginal wall → perineal body → superficial transverse 
perineal muscle. The external anal sphincter muscle may be inadvertently cut.

 2. Mediolateral Episiotomy starts at the frenulum of the labia minora and proceeds at a 45-degree 
angle cutting through the skin → vaginal wall → bulbospongiosus muscle. This procedure 
has a higher risk of bleeding in comparison to a median episiotomy but creates more room than a 
median episiotomy.

 III Anal Triangle. The anal triangle is composed of the following.

A. Ischiorectal Fossa
 1. The ischiorectal fossa is located on either side of the anorectum and is separated from the pelvic 

cavity by the levator ani muscle.

 2. This fossa contains ischiorectal fat, inferior rectal nerves, inferior rectal artery and vein, perineal 
branches of the posterior femoral cutaneous nerve, and the pudendal (Alcock) canal, which trans-
mits the pudendal nerve and the internal pudendal artery and vein.

B. Muscles of the Anal Triangle. The muscles of the anal triangle include the obturator inter-
nus, external anal sphincter, levator ani, and coccygeus muscles.

 IV Muscles of the Male and Female Perineum (Figure 19-2)
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Figure 19-2 A: Muscles of the male perineum. This figure shows the muscles of the male perineum along with its 
related nerves and arteries. The anal canal is surrounded by the external anal sphincter. The ischiorectal fossa lies on each 
side of the external anal sphincter. The inferior rectal nerve is a branch of the pudendal nerve. (continued )
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Figure 19-2 (Continued) B: Muscles of the female perineum. This figure shows the muscles of the female perineum 
along with its related nerves and arteries. On the right side, the bulbospongiosus muscle has been resected to reveal the 
bulb of the vestibule.
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Upper Limb

I Bones. The bones of the upper limb include the clavicle, scapula, humerus, radius, ulna, 
carpal bones (scaphoid, lunate, triquetrum, pisiform, trapezium, trapezoid, capitate, and hamate), 
metacarpals, and phalanges (proximal, middle, and distal).

II Muscles (see Appendix 1)
A. Anterior Axioappendicular Muscles include the pectoralis major, pectoralis minor, sub-

clavius, and serratus anterior.

B. Posterior Axioappendicular and Scapulohumeral Muscles include the trapezius, 
latissimus dorsi, levator scapulae, rhomboid major and minor, deltoid, supraspinatus, infraspinatus, 
teres minor, teres major, and subscapularis.

C. Muscles of the Anterior (Flexor) Compartment of the Arm include the biceps 
brachii, brachialis, and coracobrachialis.

D. Muscles of the Posterior (Extensor) Compartment of the Arm  include the 
triceps and anconeus.

E. Muscles of the Anterior (Flexor) Compartment of the Forearm  include the 
pronator teres, flexor carpi radialis, palmaris longus, flexor carpi ulnaris, flexor digitorum superficialis, 
flexor digitorum profundus, flexor pollicis longus, and pronator quadratus.

F. Muscles of the Posterior (Extensor) Compartment of the Forearm include 
the brachioradialis, extensor carpi radialis longus, extensor carpi radialis brevis, extensor digitorum, 
extensor digiti minimi, extensor carpi ulnaris, supinator, extensor indicis, abductor pollicis longus, 
extensor pollicis longus, and extensor pollicis brevis.

G. Intrinsic Muscles of the Hand include the opponens pollicis, abductor pollicis brevis, flexor 
pollicis brevis, adductor pollicis, abductor digiti minimi, flexor digiti minimi brevis, opponens digiti 
minimi, lumbricals (first through fourth), dorsal interossei (first through fourth), and palmar interossei 
(first through third).

III Arterial Supply (Figure 20-1)

A. Subclavian Artery extends from the arch of the aorta to the lateral border of the first rib.
The subclavian artery gives off the following branches.

 1. Internal Thoracic Artery is continuous with the superior epigastric artery, which anastomoses 
with the inferior epigastric artery (a branch of the external iliac artery). This may provide a route 
of collateral circulation if the abdominal aorta is blocked (e.g., postductal coarctation of the aorta).
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Figure 20-1 A: Arterial supply of the upper limb (anterior view). B: Diagram of the collateral circulation around the 
shoulder (posterior view). C: Arterial supply of the hand (anterior palmar view).
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 2. Vertebral Artery
 3. Thyrocervical Trunk has three branches.

a. Suprascapular artery, which participates in collateral circulation around the shoulder
b. Transverse cervical artery, which participates in collateral circulation around the shoulder
c. Inferior thyroid artery

B. Axillary Artery is a continuation of the subclavian artery and extends from the lateral border of 
the first rib to the inferior border of the teres major muscle. The tendon of the pectoralis minor 
muscle crosses the axillary artery anteriorly and divides the axillary artery into three distinct parts (i.e., 
the first part is medial, the second part is posterior, and the third part lateral to the muscle). The axillary 
artery gives off the following branches.

 1. First Part
a. Superior thoracic artery

 2. Second Part
a. Thoracoacromial artery is a short, wide trunk that divides into four branches: Acromial, del-

toid, pectoral, and clavicular.
b. Lateral thoracic artery

 3. Third Part
a. Anterior humeral circumflex artery
b. Posterior humeral circumflex artery
c. Subscapular artery, which gives off the circumflex scapular artery and the thoracodorsal 

artery

C. Brachial Artery is a continuation of the axillary artery and extends from the inferior border of 
the teres major muscle to the cubital fossa, where it ends in the cubital fossa opposite the neck of the 
radius. The brachial artery gives off the following branches.

 1. Deep Brachial Artery
a. A fracture of the humerus at midshaft may damage the deep brachial artery and radial nerve 

as they travel together on the posterior aspect of the humerus in the radial groove.
b. The deep brachial artery ends by dividing into the middle collateral artery and radial col-

lateral artery.

 2. Superior Ulnar Collateral Artery runs with the ulnar nerve posterior to the medial epicondyle 
and anastomoses with the posterior ulnar recurrent artery to participate in collateral circulation 
around the elbow.

 3. Inferior Ulnar Collateral Artery anastomoses with the anterior ulnar recurrent artery to partici-
pate in collateral circulation around the elbow.

 4. Radial Artery gives off the following branches.
a. Recurrent radial artery anastomoses with the radial collateral artery.
b. Palmar carpal branch
c. Dorsal carpal branch
d. Superficial palmar branch completes the superficial palmar arch.
e. Princeps pollicis artery divides into two proper digital arteries for each side of the thumb.
f. Radialis indicis artery
g. Deep palmar arch is the main termination of the radial artery and anastomoses with the deep 

palmar branch of the ulnar artery. It gives rise to three palmar metacarpal arteries, which join 
the common palmar digital arteries from the superficial arch.

 5. Ulnar Artery gives off the following branches.
a. Anterior ulnar recurrent artery
b. Posterior ulnar recurrent artery
c. Common interosseous artery, which divides into the anterior interosseous artery and 

posterior interosseous artery. The posterior interosseous artery gives rise to the recurrent 
interosseous artery.

d. Palmar carpal branch
e. Dorsal carpal branch
f. Deep palmar branch completes the deep palmar arch.
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g. Superficial palmar arch is the main termination of the ulnar artery and anastomoses with the 
superficial palmar branch of the radial artery. It gives rise to three common palmar digital 
arteries, each of which divides into proper palmar digital arteries, which run distally to 
supply the adjacent sides of the fingers.

D. Collateral Circulation exists in the upper limb in the following regions.

 1. Collateral Circulation Around the Shoulder
a. Thyrocervical trunk → transverse cervical artery → circumflex scapular artery → subscapular 

artery → axillary artery
b. Thyrocervical trunk → suprascapular artery → circumflex scapular artery → subscapular 

artery → axillary artery

 2. Collateral Circulation Around the Elbow involves the following pathways.
a. Superior ulnar collateral artery → posterior ulnar recurrent artery
b. Inferior ulnar collateral artery → anterior ulnar recurrent artery
c. Middle collateral artery → recurrent interosseus artery
d. Radial collateral artery → recurrent radial artery

 3. Collateral Circulation in the Hand involves the following pathway.
a. Superficial palmar arch → deep palmar arch

E. Clinical Considerations
 1. Subclavian Steal Syndrome refers to retrograde flow in the vertebral artery due to an ipsilateral 

subclavian artery stenosis. The subclavian artery stenosis results in lower pressure in the distal 
subclavian artery. As a result, blood flows from the contralateral vertebral artery to the basilar artery 
and then in a retrograde direction down the ipsilateral vertebral artery away from the brainstem. 
Although this may have deleterious neurologic effects, the reversed vertebral artery blood flow 
serves as an important collateral circulation for the arm in the setting of a significant stenosis or 
occlusion of the subclavian artery. The most common cause for a subclavian steal syndrome is ath-
erosclerosis. Subclavian steal is more common on the left side probably due to a more acute origin 
of the subclavian artery, which results in increased turbulence and accelerated atherosclerosis.

 2. Placement of Ligatures. A surgical ligature may be placed on the subclavian artery or axillary 
artery between the thyrocervical trunk and subscapular artery. A surgical ligature may also 
be placed on the brachial artery distal to the inferior ulnar collateral artery. A surgical ligature 
may not be placed on the axillary artery between the subscapular artery and the deep brachial 
artery.

 3. In order to control profuse bleeding due to trauma of the axilla (e.g., a stab or bullet wound), the 
third part of the axillary artery may be compressed against the humerus in the inferior part of the 
lateral wall of the axilla. If compression is required more proximally, the first part of the axillary 
artery may be compressed at its origin by downward pressure in the angle between the clavicle and 
the inferior attachment of the sternocleidomastoid muscle.

 4. Percutaneous Arterial Catheterization employs the brachial artery (if the femoral artery 
approach is unavailable). The left brachial artery is preferred because approaching from the left 
side allows access to the descending aorta without crossing the right brachiocephalic trunk and left 
common carotid arteries, thereby reducing the risk of stroke.

 5. Blood Pressure. The brachial artery is used to measure blood pressure by inflating a cuff around 
the arm, which compresses and occludes the brachial artery against the humerus. A stethoscope 
is placed over the cubital fossa and the air in the cuff is gradually released. The first audible sound 
indicates systolic pressure. The point at which the pulse can no longer be heard indicates the 
diastolic pressure. In order to control profuse bleeding due to trauma, the brachial artery may be 
compressed near the middle of the arm medial to the humerus.
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 6. Access for Chronic Hemodialysis most commonly uses the radial artery and the cephalic 
vein, which establishes an arteriovenous fistula between the two vessels.

 7. The Allen Test is a test for occlusion of either the ulnar or radial artery. For example, blood is 
forced out of the hand by making a tight fist and then the physician compresses the ulnar artery. If 
blood fails to return to the palm and fingers after the fist is opened, then the uncompressed radial 
artery is occluded.

 8. Deep Laceration. The deep palmar arch lies posterior to the tendons of the flexor digitorum 
superficialis and flexor digitorum profundus muscles. Therefore, a deep laceration at the metacarpal– 
carpal (MC) joint that cuts the deep palmar arch will also compromise flexion of the fingers.

 9. Laceration of the Palmar Arches. This results in profuse bleeding due to the collateral cir-
culation between the superficial and palmar arches. It is usually not sufficient to ligate either the 
ulnar or radial artery. It may be necessary to compress the brachial artery proximal to the elbow to 
prevent blood from reaching both the ulnar and radial arteries.

 10. Raynaud Syndrome. This is an idiopathic condition characterized by intermittent bilateral 
attacks of ischemia of the fingers with cyanosis, paresthesia, and pain. This may also be brought 
about by cold temperature or emotional stimuli. Since arteries are innervated by postganglionic 
sympathetic neurons, a cervicodorsal presynaptic sympathectomy may be performed to dilate 
the digital arteries to the fingers.

IV Venous Drainage
A. Superficial Veins of the Upper Limb.  The dorsal venous network located on the dor-

sum of the hand gives rise to the cephalic vein and basilic vein. The palmar venous network located 
on the palm of the hand gives rise to the median antebrachial vein.

 1. Cephalic Vein
a. The cephalic vein courses along the anterolateral surface of the forearm and arm and then 

between the deltoid and pectoralis major muscles along the deltopectoral groove and enters the 
clavipectoral triangle.

b. The cephalic vein pierces the costocoracoid membrane and empties into the axillary vein.

 2. Basilic Vein
a. The basilic vein courses along the medial side of the forearm and arm.
b. The basilic vein pierces the brachial fascia and merges with the venae comitantes of the axillary 

artery to form the axillary vein.

 3. Median Cubital Vein
a. The median cubital vein connects the cephalic vein to the basilic vein over the cubital fossa.
b. The median cubital vein lies superficial to the bicipital aponeurosis and is used for intravenous 

injections, blood transfusions, and withdrawal.

 4. Median Antebrachial Vein
The median antebrachial vein courses on the anterior aspect of the forearm and empties into the 
basilic vein of the median cubital vein.

B. Deep Veins of the Upper Limb.  The deep veins follow the arterial pattern of the arm leading 
finally to the axillary vein.

C. Communicating Venous System.  The communicating venous system is a network of per-
forating veins that connect the superficial veins with the deep veins.
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Figure 20-2 Cutaneous nerves of the upper limb. A: Anterior view. B: Posterior view.

V Cutaneous Nerves of the Upper Limb (Figure 20-2). The cutaneous 
nerves of the upper limb include the supraclavicular nerve, medial brachial cutaneous nerve, 
medial antebrachial cutaneous nerve, lateral brachial cutaneous nerve, lateral antebrachial 
cutaneous nerve, posterior brachial and antebrachial cutaneous nerves, intercostobrachial nerve, 
median nerve, ulnar nerve, and superficial branch of the radial nerve.

VI Brachial Plexus (Figures 20-3 and 20-4). The components of the brachial plexus 
include the following.

A. Rami are the C5-T1 ventral primary rami of spinal nerves and are located between the anterior 
scalene and middle scalene muscles.



 Upper Limb 205

Roots (anterior rami)
Trunks
Divisions: anterior (to flexors) or
   posterior (to extensors)
Cords
Supraclavicular branches
Infraclavicular branches
Terminal branches (infraclavicular)

Anterior rami

C5

C6

C7

C8

T1

Dorsal scapular nerve

Suprascapular nerve
Subclavian

nerve

Long thoracic
nerve

Lateral pectoral nerve

Medial pectoral nerve

Medial cutaneous nerve of forearm

Medial cutaneous nerve of arm

Lower subscapular nerve

Thoracodorsal nerve

Upper subscapular
nerve

Axillary nerve

Musculocutaneous nerve

Lateral root of median nerve

Medial root of median nerve

Radial nerve

Median nerve

Ulnar nerve

A

Injury Nerves damaged Clinical sign

Erb-Duchenne
(C5 and C6,
upper trunk)

Klumpke
(C8 and T1,
lower trunk)

B

Pronated and medially
rotated arm (“waiter’s tip
hand”)

Ipsilateral paralysis of
diaphragm

Loss of function of the
wrist and hand

Horner syndrome

Musculocutaneous

Suprascapular

Axillary

Phrenic

Median

Ulnar

Sympathetics of
T1 spinal nerve

Violent stretch between
the head and shoulder
(i.e., adduction traction
of the arm and hyper-
extension of the neck)

Sudden upward pull
of the arm
(i.e., abduction injury)

Figure 20-3 A: Diagram of the brachial plexus shows the rami, trunks, divisions, cords, and five major terminal 
branches along with other minor nerve branches. B: Diagram indicating the Erb–Duchenne injury and Klumpke injury to 
the brachial plexus.
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B. Trunks (Upper, Middle, Lower)  are formed by the joining of rami and are located in the 
posterior triangle of the neck.

C. Divisions (Three Anterior and Three Posterior) are formed by trunks dividing into 
anterior and posterior divisions, are located deep to the clavicle, and are named according to their 
relationship to the axillary artery.

D. Cords (Lateral, Medial, Posterior) are formed by joining of the anterior and posterior divi-
sions and are located in the axilla deep to the pectoralis minor muscle.

E. Branches.  The five major terminal branches are as follows.

 1. Musculocutaneous Nerve (C5 to C7)
 2. Axillary Nerve (C5, C6)
 3. Radial Nerve (C5 to C8, T1)
 4. Median Nerve (C5 to C8, T1)
 5. Ulnar Nerve (C8, T1)

F. Clinical Consideration: Injuries to the Brachial Plexus
1. Erb–Duchenne or Upper Trunk Injury

a. This injury involves the C5 and C6 ventral primary rami and is caused by a violent stretch 
between the head and shoulder (i.e., adduction traction of the arm with hyperextension of the 
neck).

b. This damages the musculocutaneous nerve (innervates the biceps brachii and brachialis mus-
cles), suprascapular nerve (innervates the infraspinatus muscle), axillary nerve (innervates 
the teres minor muscle), and phrenic nerve (innervates the diaphragm).

c. Clinical signs include the following.
 i. The arm is pronated and medially rotated (“waiter’s tip hand”). This occurs because the 

biceps brachii muscle (which is a supinator of the forearm) is weakened so that the prona-
tor muscles dominate and the infraspinatus muscle (which is a lateral rotator of the arm) is 
weakened so that the medial rotator muscles dominate.

 ii. Ipsilateral paralysis of the diaphragm due to involvement of the C5 component of the 
phrenic nerve.

 2. Klumpke or Lower Trunk Injury
a. This injury involves the C8 and T1 ventral primary rami and is caused by a sudden pull upward 

of the arm (i.e., abduction injury).
b. This damages the median nerve, ulnar nerve (both of which innervate muscles of the forearm 

and hand), and sympathetics of the T1 spinal nerve.
c. Clinical signs include the following.

 i. Loss of function of the wrist and hand
ii. Horner syndrome, in which miosis (constriction of the pupil due to paralysis of the dila-

tor pupillae muscle), ptosis (drooping of the eyelid due to paralysis of the superior tarsal 
muscle), and hemianhidrosis (loss of sweating on one side) occur if the cervical sympa-
thetic ganglia are also injured.

VII Nerve Lesions. The nerve lesions are summarized in Table 20-1.
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Table 20-1: Nerve Lesions 
Nerve Injury Injury Description Impairments Clinical Aspects

Long thoracic 
nerve

Stab wound
Mastectomy

Abduction of arm past horizontal is 
compromised

Test: Push against a wall 
causes winging of scapula

Axillary nerve Surgical neck fracture of 
humerus

Anterior dislocation of 
shoulder joint

Abduction of arm to horizontal is 
compromised

Sensory loss on lateral side of 
upper arm

Test: Abduct arm to  
horizontal and ask patient 
to hold position against a 
downward pull

Radial nerve Midshaft fracture of 
humerus

Badly fitted crutch
Arm draped over a chair

Extension of wrist and digits is lost
Supination is compromised
Sensory loss on posterior arm,  

posterior forearm, and lateral 
aspect of dorsum of hand

Wrist drop

Median nerve at 
elbow

Supracondylar fracture of 
humerus

Flexion of wrist is weakened
Hand will deviate to ulnar side on 

flexion
Flexion of index and middle fingers 

at DIP, PIP, and MP joints is lost
Abduction, opposition, and flexion 

of thumb are lost
Sensory loss on palmar and dorsal 

aspects of the index, middle, 
and half of the ring fingers and 
palmar aspect of thumb

Ape hand
Benediction hand

Median nerve at 
wrist

Slashing of wrist
Carpal tunnel syndrome

Flexion of index and middle fingers 
at MP joint is weakened

Abduction and opposition of 
thumb are lost

Sensory loss same as at elbow

Test: Make an O with thumb 
and index finger

Ulnar nerve at 
elbow

Fracture of medial  
epicondyle of humerus

Hand will deviate to radial side 
upon flexion

Flexion of ring and little finger at 
DIP is lost

Flexion at MP joint and extension 
at DIP and PIP joints of ring and 
little finger are lost

Adduction and abduction of  
fingers are lost

Adduction of thumb is lost
Little finger movements are lost
Sensory loss on palmar and dorsal 

aspects of half of ring finger and 
little finger

Claw hand

Ulnar nerve at 
wrist

Slashing of wrist Flexion at MP joint and extension 
at DIP and PIP joints of ring and 
little finger are lost

Adduction and abduction of  
fingers are lost

Adduction of thumb is lost
Little finger movements are lost
Sensory loss same as at elbow

Test: Hold paper between 
middle and ring fingers

DIP, distal interphalangeal; MP, metacarpophalangeal; PIP, proximal interphalangeal.
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VIII Shoulder Region (Figure 20-5)

A. The Axilla
1. The axilla is a pyramid-shaped region located between the upper thoracic wall and the arm.

 2. The medial wall of the axilla is the upper ribs and the serratus anterior muscle.

 3. The lateral wall of the axilla is the humerus.

 4. The posterior wall of the axilla is the subscapularis, teres major, and latissimus dorsi muscles.

 5. The anterior wall of the axilla is the pectoralis major and pectoralis minor muscles.

 6. The base of the axilla is the axillary fascia.

 7. The apex of the axilla is the space between the clavicle, scapula, and rib 1.

B. Spaces
1. Quadrangular Space

a. The quadrangular space transmits the axillary nerve and posterior humeral circumflex 
artery.

b. The quadrangular space is bounded superiorly by the teres major and subscapularis muscles, 
inferiorly by the teres major muscle, medially by the long head of the triceps, and laterally by 
the surgical neck of the humerus.

 2. Upper Triangular Space
a. The upper triangular space transmits the circumflex scapular artery.
b. The upper triangular space is bounded superiorly by the teres minor muscle, inferiorly by the 

teres major muscle, and laterally by the long head of the triceps.

 3. Lower Triangular Space
a. The lower triangular space transmits the radial nerve and deep brachial artery.
b. The lower triangular space is bounded superiorly by the teres major muscle, medially by the 

long head of the triceps, and laterally by the medial head of the triceps.
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first rib
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Figure 20-5 Anteroposterior radiograph of the shoulder region.
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C. Glenohumeral Joint
 1. General Features

a. The glenohumeral joint is the articulation of the head of the humerus with the glenoid fossa 
(GF) of the scapula.

b. This joint has two prominent bursae: The subacromial bursa (which separates the tendon of 
the supraspinatus muscle from the deltoid muscle) and the subscapular bursa (which sepa-
rates the scapular fossa and the tendon of the subscapularis muscle).

c. The “rotator cuff” (along with the tendon of the long head of the biceps brachii muscle) 
contributes to the stability of the glenohumeral joint by holding the head of the humerus against 
the glenoid surface of the scapula.

d. The rotator cuff is formed by the tendons of the following muscles (SITS acronym).
 i. Subscapularis muscle, innervated by the subscapular nerve
 ii. Infraspinatus muscle, innervated by the suprascapular nerve
 iii. Teres minor muscle, innervated by the axillary nerve
 iv. Supraspinatus muscle, innervated by the suprascapular nerve

 2. Clinical Considerations
a. Anterior–inferior dislocation of the humerus 

(“shoulder dislocation”) (Figure 20-6) is the most 
common direction of a shoulder dislocation. The head 
of the humerus lies anterior and inferior to the coracoid 
process of the scapula and may damage the axillary 
nerve or axillary artery. The dislocation occurs due 
to the shallowness of the GF. Impaction of the anterior–
inferior surface of the glenoid labrum on the posterolat-
eral aspect of the humeral head after it dislocates may 
cause a depressed humeral head fracture called the Hill-
Sachs lesion. Clinical signs include loss of normal round 
contour of the shoulder, a palpable depression under the 
acromion, and the head of humerus being palpable in 
the axilla. The anteroposterior (AP) radiograph shows an 
anterior dislocation of the shoulder. The humeral head is 
displaced out of the GF inferior to the coracoid process (*) 
of the scapula.

b. Rotator cuff injury (also called subacromial bursitis 
or painful arc syndrome) (Figure 20-7). Rotator cuff 
tendinitis most commonly involves the tendon of the 
supraspinatus muscle and the subacromial bursa. It 
presents in middle-aged men with pain upon lifting the 
arm above the head. Acute rotator cuff tear presents as 
acute onset of pain with an inability to lift the arm above 
the head after a traumatic event. The most common rota-
tor cuff tear is an isolated tear of the supraspinatus ten-
don at its insertion at the greater tuberosity. Partial thick-
ness tears are more common than full thickness tears. 
The magnetic resonance (MR) arthrogram shows a com-
plete tear of the rotator cuff (arrow). The bright contrast 
medium flows from the glenohumeral joint space into the 
subdeltoid bursa (SD), which does not occur in a normal, 
intact rotator cuff.

GF

Figure 20-6 Anterior disloca-
tion of the shoulder.

SD

Figure 20-7 Complete tear of 
the rotator cuff. SD, subdeltoid 
bursa.
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D. Acromioclavicular Joint (Figure 20-8)
 1. General Features

a. The acromioclavicular joint is the artic-
ulation of the lateral end of the clavicle 
with the acromion of the scapula.

b. This joint is stabilized by the cora-
coacromial ligament, coracocla-
vicular ligament (subdivided into the 
conoid and trapezoid ligaments), 
and the acromioclavicular ligament.

 2. Clinical Considerations
a. Acromioclavicular subluxation 

(“shoulder separation”) (Figure 20-9) 
is a common injury due to a downward 
blow at the tip of the shoulder. There 
are three grades of shoulder separa-
tion: Grade I, where there is no liga-
ment tearing and no abnormal joint 
wspaces (i.e., minor sprain); grade II, 
where the acromioclavicular ligament 
is torn and the acromioclavicular space 
is 50% wider than the normal, contra-
lateral shoulder; and grade III, where 
the coracoclavicular ligament and acro-
mioclavicular ligament are torn, and 
the coracoclavicular space and acro-
mioclavicular space are 50% wider 
than the normal contralateral shoul-
der. Clinical signs include the follow-
ing: The injured arm hangs noticeably 
lower than the normal arm; there is a 
noticeable bulge at the tip of the shoul-
der due to upward displacement of the 
clavicle; pushing down on the lateral 
end of the clavicle and releasing causes 
a rebound (“piano key sign”); and 
radiography with a 10-pound weight 
shows a marked separation of the acro-
mion from the clavicle in a grade II and 
III. The AP radiograph (weight bear-
ing) shows a grade II acromioclavicular 
separation. The acromion (AC) (dashed 
line) is more inferior to the clavicle (CL) 
(solid line). The acromioclavicular space 
(arrows) is abnormally widened but the 
coracoclavicular space in normal.

AC

CL

CP

Figure 20-8 Acromioclavicular joint. The antero-
posterior radiograph shows a normal adult shoulder. The 
acromioclavicular ligament (arrowhead) and the coracocla-
vicular ligament (*) are shown. AC, acromion; CL, clavicle; 
CP, coracoid process.

CL

AC

CP

Figure 20-9 Acromioclavicular subluxation (“shoul-
der separation”). AC, acromion; CL, clavicle; CP, cora-
coid process.
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b. Fracture of the clavicle (Figure 20-10)
most commonly occurs at the middle 
one-third of the clavicle. This frac-
ture results in the upward displace-
ment of the proximal fragment due 
to the pull of the sternocleidomastoid 
muscle and downward displacement 
of the distal fragment due to the pull 
of the deltoid muscle and gravity. The 
subclavian artery, the subclavian vein, 
and divisions of the brachial plexus, 
which are located deep to the clavicle, 
may be put in jeopardy. The AP radio-
graph shows a fracture of the middle 
one-third of the clavicle (thick arrow). 
Note the upward displacement of the 
proximal fragment (small arrow) and 
the downward displacement of the dis-
tal fragment (small arrow).

IX Elbow Region (Figure 20-11)

A. Elbow Joint consists of three articulations among the humerus, ulnar, and radial bones.

 1. Humeroulnar Joint
a. The humeroulnar joint is reinforced by the ulnar collateral ligament.
b. The actions of flexion and extension of the forearm occur at this joint.
c. A tear of the ulnar collateral ligament will permit abnormal abduction of the forearm.

 2. Humeroradial Joint
a. The humeroradial joint is reinforced by the radial collateral ligament.
b. The actions of flexion and extension of the forearm occur at this joint.
c. A tear of the radial collateral ligament will permit abnormal adduction of the forearm.

 3. Radioulnar Joint
a. The radioulnar joint is reinforced by the annular ligament.
b. The actions of pronation and supination of the forearm occur at this joint.

B. Clinical Considerations
1. Nursemaid’s Elbow. A severe distal traction of the radius (e.g., a parent yanking the arm of a 

child) can cause subluxation of the head of the radius from its encirclement by the annular 
ligament. The reduction of nursemaid’s elbow involves applying direct pressure posteriorly on the 
head of the radius while simultaneously supinating and extending the forearm. This manipulation 
effectively “screws” the head of the radius into the annular ligament. Clinical signs include a child 
presenting with a flexed and pronated forearm held close to the body.

 2. Lateral Epicondylitis (Tennis Elbow) is inflammation of the common extensor tendon of 
the wrist where it originates on the lateral epicondyle of the humerus.

 3. Medial Epicondylitis (Golfer’s Elbow) is inflammation of the common flexor tendon of the 
wrist where it originates on the medial epicondyle of the humerus.

 4. Tommy John Surgery (named after a famous Chicago White Sox baseball pitcher) replaces or 
augments a torn ulnar collateral ligament. When this ligament is torn, it is impossible to throw a 
ball with force and speed. A replacement tendon is taken from the hamstring muscle and wrapped 
in a figure-eight pattern through holes drilled in the humerus and ulnar bones.

AC

H

CP

Figure 20-10 Fracture of the clavicle. AC, acromion; 
CP, coracoid process; H, head of the humerus.
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Figure 20-11 Normal elbow joint. A: Diagram of the elbow joint. Note the location of the ligaments that support 
the elbow joint. B: Anteroposterior radiograph of the right elbow joint. C: Lateral radiograph of the right elbow joint.
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 5. Supracondylar Fracture of the Humerus (Figure 
20-12) places the contents of the cubital fossa in jeop-
ardy, specifically the median nerve (see Table 20-1) 
and brachial artery. The contents of the cubital fossa 
include the median nerve, brachial artery, biceps 
brachii tendon, median cubital vein (superficial 
to the bicipital aponeurosis), and radial nerve (lying 
deep to the brachioradialis muscle). The lateral radio-
graph of a supracondylar fracture of the humerus 
shows a fracture site (arrow) with posterior displace-
ment of the distal fragment (*) as well as the radius 
and ulna.

Figure 20-12 Supracondylar 
fracture.

Figure 20-13 Little Leaguer’s 
elbow.

 6. Little Leaguer’s Elbow (Figure 20-13) is the avul-
sion of the medial epicondyle by violent or multiple 
contractions of the flexor forearm muscles (e.g., 
strenuous or repeated throwing of a ball). The AP 
radiograph shows avulsion of the medial epicondyle 
(arrowhead) and soft tissue swelling on the medial side 
of the elbow (*).

Figure 20-14 Posterior dislocation of 
the elbow.

 7. Dislocation of the Elbow (Figure 20-14) is most 
commonly a posterior dislocation of the radius and 
ulna with respect to the distal end of the humerus. 
Depending on the magnitude and direction of the dis-
locating force, fractures of the distal humerus, coro-
noid process of the ulna, or radial head may occur. 
The lateral radiograph shows a posterior dislocation 
of the elbow with a small bony fragment (arrow) aris-
ing from the tip of the coronoid process interposed 
between the trochlea and the base of the coronoid 
process.
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 8. Fracture of the Olecranon (Figure 20-15) may 
result from a fall on the forearm with the elbow flexed, 
in which case the fracture is transverse, or may result 
from a fall directly on the olecranon process itself, in 
which case the fracture is comminuted. The lateral 
radiograph shows a comminuted fracture of the olec-
ranon process with proximal retraction of the proxi-
mal fragments (*) due to the unopposed action of the 
triceps tendon.

Figure 20-15 Fracture of the olecranon.

X Wrist and Hand Region (Figure 20-16)

A. Wrist Joint (Radiocarpal Joint)
1. The wrist joint is the articulation of the concave distal end of the radius with the scaphoid and 

lunate carpal bones.

 2. The actions of flexion/extension and abduction/adduction of the hand occur at this joint.

 3. The ulnar bone plays a minor role at the wrist joint.

Distal interphalangeal joint

Proximal interphalangeal joint

Metacarpophalangeal joint

Radiocarpal joint

TQ

P

LS
C H

T

VIVIII
II

I

TZ

Radius Ulna

Metacarpals

Proximal phalanx

Middle phalanx

Distal phalanx

Figure 20-16 Anteroposterior radiograph of the hand and wrist region. I, first metacarpal; II, second meta-
carpal; III, third metacarpal; IV, fourth metacarpal; V, fifth metacarpal; C, capitate; H, hamate; L, lunate; P, pisiform;  
S, scaphoid; T, trapezoid; TQ, triquetrum; TZ, trapezium.
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B. Metacarpophalangeal (MP) Joint
 1. The MP joint is the joint between the metacarpals and the proximal phalanx.

 2. The action of flexion at the MP joint is accomplished by the flexor digitorum superficialis, flexor 
digitorum profundus, and lumbrical muscles.

 3. The action of adduction at the MP joint is accomplished by the palmar interosseus muscles (PAD 
acronym).

 4. The action of abduction at the MP joint is accomplished by the dorsal interosseus muscles (DAB 
acronym).

C. Proximal Interphalangeal (PIP) Joint
 1. The PIP joint is the joint between the proximal phalanx and middle phalanx.

 2. The action of flexion at the PIP joint is accomplished primarily by the flexor digitorum superficialis 
muscle.

D. Distal Interphalangeal (DIP) Joint
 1. The DIP joint is the joint between the middle phalanx and distal phalanx.

 2. The action of flexion at the DIP joint is accomplished primarily by the flexor digitorum profundus 
muscle.

E. Clinical Considerations
 1. Carpal Tunnel Syndrome is a tendosynovitis due to repetitive hand movements (e.g., data entry) 

that compresses the median nerve within the carpal tunnel. The flexor retinaculum (composed of 
the volar carpal ligament and transverse carpal ligament) is attached to the palmar surface of 
the carpal bones and forms the carpal tunnel. The structures that pass through the carpal tunnel 
include the flexor digitorum superficialis tendons, flexor digitorum profundus tendons, 
flexor pollicis longus tendon, and median nerve. No arteries pass through the carpal tunnel. 
Clinical signs include sensory loss on the palmar and dorsal aspects of the index, middle, and half of 
the ring fingers and palmar aspect of the thumb, and flattening of the thenar eminence (“ape hand”); 
tapping of the palmaris longus tendon produces a tingling sensation (Tinel test), forced flexion of 
the wrist reproduces symptoms, while extension of the wrist alleviates symptoms (Phalen test).

 2. Slashing of the Wrist (“Suicide Cuts”). A deep laceration on the radial side of the wrist may 
cut the following structures: Radial artery, median nerve, flexor carpi radialis tendon, and 
palmaris longus tendon. A deep laceration on the ulnar side of the wrist may cut the following 
structures: Ulnar artery, ulnar nerve, and flexor carpi ulnaris tendon.

 3. Dupuytren Contracture is a thickening and contracture of the palmar aponeurosis that results in 
the progressive flexion of the fingers (usually more pronounced in the ring finger and little finger).

 4. Volkmann Ischemic Contracture is a contracture of the forearm muscles commonly due to a 
supracondylar fracture of the humerus where the brachial artery goes into spasm, thereby reducing 
the blood flow. This may also occur due to an overly tight cast or compartment syndrome, where 
muscles are subjected to increased pressure due to edema or hemorrhage.
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 6. Colles Fracture (Figure 20-18) is a fracture of the 
distal portion of the radius where the distal fragment 
of the radius is displaced posteriorly (“dinner fork 
deformity”). This occurs when a person falls on an 
outstretched hand with the wrist extended. A Colles 
fracture is commonly accompanied by a fracture of the 
ulnar styloid process. The lateral radiograph shows a 
Colles fracture (large arrow). Note that the distal frag-
ment of the radius together with the bones of the 
wrist and hand are displaced posteriorly, rotated, and 
impacted in the typical “dinner fork deformity.”

Figure 20-17 Scaphoid fracture.

Figure 20-18 Colles fracture.

 5. Fracture of the Scaphoid (Figure 20-17). The 
scaphoid bone is the most commonly fractured car-
pal bone. The scaphoid bone articulates with the distal 
end of the radius at the radiocarpal joint. A fracture of 
the scaphoid is associated with osteonecrosis of the 
scaphoid bone (proximal fragment) because the blood 
supply to the scaphoid bone flows from distal to proxi-
mal. Clinical signs include tenderness in the “anatomic 
snuff box” (formed by the tendons of the extensor pol-
licis longus, extensor pollicis brevis, and abductor pol-
licis longus) because the scaphoid lies in the floor of the 
snuff box; the radiograph may be negative for several 
weeks until bone resorption occurs. The radiograph 
shows a scaphoid fracture (arrow). Note that the proxi-
mal part of the scaphoid is prone to osteonecrosis.
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 8. Boxer’s Fracture (Figure 20-20) is a fracture at the head 
of the fifth metacarpal (i.e., little finger). This occurs when 
a closed fist is used to hit something hard. Clinical signs 
include pain on the ulnar side of the hand and depression 
of the head of the fifth metacarpal; attempts to flex the 
little finger elicit pain. The radiograph shows a fracture at 
the head of the fifth metacarpal (i.e., little finger) (arrow).

Figure 20-20 Boxer’s frac-
ture.

 7. Gamekeeper’s Thumb (Figure 20-19) is a disrup-
tion of the ulnar collateral ligament of the MP joint of the 
thumb often associated with an avulsion fracture at the 
base of the proximal phalanx of the thumb. This occurs in 
skiing falls where the thumb gets entangled with the ski 
pole. The radiograph shows a gamekeeper’s thumb with 
an avulsion fracture (arrow) at the base of the proximal 
phalanx of the thumb associated with the ulnar collateral 
ligament.

Figure 20-19 Gamekeeper’s thumb.
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XI Cross Sectional Anatomy of Right Arm and 
Right Forearm (Figure 20-21)
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Figure 20-21 A: Cross section through the right brachium (arm). Black line divides the flexor (anterior) compartment 
from the extensor (posterior) compartment. Note the radial nerve within the extensor compartment traveling with the 
deep brachial artery, the median nerve traveling with the brachial artery, and the ulnar nerve near the basilic vein. H, 
humerus. B: Cross section through the right antebrachium (forearm). Black line divides the flexor (anterior) compartment 
from the extensor (posterior) compartment. Note the location of the ulnar artery, ulnar nerve, median nerve, radial artery, 
and the superficial branch of the radial nerve within the flexor compartment. R, radius; U, ulna.
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Case Study
A 40-year-old male seaman comes to your office complaining that “I’ve had some pain in my left arm that 
comes and goes for about 3 years. But, now the pain has gotten a lot worse.” He tells you that “the pain is like 
a dull ache and spreads out into the shoulder, neck, and into my left arm and hand. My pinky finger and ring 
finger get numb and tingle.” After some discussion, you learn that he has recently started a new job on a large 
cargo container ship that requires quite a bit of upper arm movement. What is the most likely diagnosis?

Relevant Physical Examination Findings
 ● Tenderness in the left supraclavicular space

 ● Wasting of the left thenar eminence

 ● Pulling the arm down increases the pain

Relevant Laboratory Findings
 ● AP radiograph shows a cervical rib.

Diagnosis
Thoracic Outlet Syndrome

 ● Thoracic outlet syndrome (TOS) refers to compression of the neurovascular structures at the superior 
aperture of the thorax. The brachial plexus, subclavian vein, and subclavian artery are affected. Neuro-
logic symptoms occur in 95% of cases and include pain, especially in the medial aspect of the arm, fore-
arm, and ulnar 1.5 digits; paresthesias, often nocturnal, awakening the patient with pain or numbness; 
loss of dexterity; cold intolerance; supraclavicular tenderness; diminished sensation to light touch; and 
weakness (usually subtle) in the affected limb.

 ● There are three major causes of TOS: Anatomic (e.g., cervical ribs), trauma/repetitive activities, and neu-
rovascular entrapment at the costoclavicular space.

 ● In this case, the medial cord of the brachial plexus (C8 and T1) is involved.
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C H A P T E R  2 1

Lower Limb

I Bones. The bones of the lower limb include the hip (coxal) bone formed by the fusion of 
the ilium, ischium, and pubis; femur; patella; tibia; fibula; tarsal bones (talus, calcaneus, navicular, 
cuboid, and three cuneiform bones); metatarsals; and phalanges (proximal, middle, and distal).

II Muscles (see Appendix 2)
A. Muscles of the Gluteal Region (Abductors and Rotators of the Thigh) include 

the gluteus maximus, gluteus medius, gluteus minimus, tensor of fascia lata, piriformis, obturator internus, 
superior and inferior gemelli, and quadratus femoris.

B. Muscles of the Anterior Compartment of the Thigh (Flexors of the Hip 
Joint and Extensors of the Knee Joint) include the pectineus, psoas major, psoas minor, 
iliacus, sartorius, rectus femoris, vastus lateralis, vastus medialis, and vastus intermedius.

C. Muscles of the Medial Compartment of the Thigh (Adductors of the 
Thigh) include the adductor longus, adductor brevis, adductor magnus, gracilis, and obturator externus.

D. Muscles of the Posterior Compartment of the Thigh (Extensors of the Hip 
Joint and Flexors of the Knee Joint) include the semitendinosus, semimembranosus, and 
biceps femoris.

E. Muscles of the Anterior and Lateral Compartments of the Leg  include the 
tibialis anterior, extensor digitorum longus, extensor hallucis longus, fibularis tertius, fibularis longus, 
and fibularis brevis.

F. Muscles of the Posterior Compartment of the Leg  include the gastrocnemius, 
soleus, plantaris, popliteus, flexor hallucis longus, flexor digitorum longus, and tibialis posterior.

G. Muscles of the Foot  include the first layer: Abductor hallucis, flexor digitorum brevis, and 
abductor digiti minimi; second layer: Quadratus plantae and lumbricales; third layer: Flexor hallucis 
brevis, adductor hallucis, and flexor digiti minimi brevis; fourth layer: Plantar interossei and dorsal 
interossei; and dorsum of the foot: Extensor digitorum brevis and extensor hallucis brevis.

III Arterial Supply (Figure 21-1)

A. Superior Gluteal Artery is a branch of the internal iliac artery and enters the buttock through 
the greater sciatic foramen above the piriformis muscle. This artery anastomoses with the lateral circumflex, 
medial circumflex, and inferior gluteal artery.
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Figure 21-1 Arterial supply of the lower limb. A: Anterior and posterior views. The circles show the cruciate, genic-
ulate, and plantar anastomoses. B: Arterial supply of the dorsum of the foot. C: Arterial supply of the sole of the foot.
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B. Inferior Gluteal Artery is a branch of the internal iliac artery and enters the buttock through 
the greater sciatic foramen below the piriformis muscle. This artery participates in the cruciate anas-
tomosis and also anastomoses with the superior gluteal artery, internal pudendal artery, and obturator 
artery.

C. Obturator Artery is a continuation of the internal iliac artery and passes through the obturator 
foramen close to the femoral ring, where it may complicate surgical repair of a femoral hernia. The obtu-
rator artery gives off the following branches.

 1. Muscular Branches to the Adductor Muscles
 2. Artery of the Ligamentum Teres (Artery to the Head of the Femur). This artery is of 

considerable importance in children because it supplies the head of the femur proximal to the 
epiphyseal growth plate. After the epiphyseal growth plate closes in the adult, this artery plays an 
insignificant role in supplying blood to the head of the femur.

D. Femoral Artery  is a continuation of the external iliac artery distal to the inguinal ligament and 
enters the femoral triangle posterior to the inguinal ligament and midway between the anterior supe-
rior iliac spine and the symphysis pubis. At this location the femoral pulse can be palpated, arterial 
blood can be obtained for blood gas measurements, or percutaneous arterial catheterization can 
be performed. The femoral artery is commonly used for percutaneous arterial catheterization because 
it is superficial and easily palpated, and hemostasis can be achieved by applying pressure over the head 
of the femur. The preferred entry site is below the inguinal ligament at the level of the midfemoral 
head (a site that is confirmed by fluoroscopy). If the femoral artery is punctured above the inguinal liga-
ment or below the femoral head, control of hemostasis is difficult or impossible. The femoral artery gives 
off the following branches.

 1. Superficial Epigastric Artery
 2. Superficial Circumflex Iliac Artery
 3. Superficial External Pudendal Artery
 4. Deep External Pudendal Artery
 5. Descending Genicular Artery
 6. Profunda Femoris (Deep Femoral) Artery branches into the following.

a. Four perforating arteries supply the adductor magnus and the hamstring muscles. The first 
perforating artery participates in the cruciate anastomosis with the inferior gluteal artery and the 
medial and lateral circumflex arteries.

b. Medial circumflex artery participates in the cruciate anastomosis and provides the main 
blood supply to the head and neck of the femur in the adult.

c. Lateral circumflex artery participates in the cruciate anastomosis and also sends a descending 
branch of the lateral circumflex artery to participate in the genicular anastomosis around 
the knee joint.

E. Popliteal Artery is a continuation of the femoral artery at the adductor hiatus in the adductor 
magnus muscle and extends through the popliteal fossa, where the popliteal pulse can be pal-
pated against the popliteus muscle with the leg flexed. The popliteal artery gives off the following 
branches.

 1. Genicular Arteries participate in the genicular anastomosis around the knee joint and supply 
the capsule and ligaments of the knee joint. There are four genicular arteries: Superior lateral, 
inferior lateral, superior medial, and inferior medial.

 2. Anterior Tibial Artery descends on the anterior surface of the interosseus membrane with the 
deep fibular nerve and terminates as the dorsalis pedis artery. The anterior tibial artery gives off 
the following branches.
a. Anterior tibial recurrent artery
b. Medial malleolar artery
c. Lateral malleolar artery
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d. Dorsalis pedis artery. The dorsalis pedis artery lies between the extensor hallucis longus and 
extensor digitorum longus tendons midway between the medial and lateral malleolus, where the 
dorsal pedal pulse can be palpated. The dorsalis pedis artery gives off the following branches.
 i. Lateral tarsal artery anastomoses with the arcuate artery.
 ii. Arcuate artery runs laterally across the bases of the lateral four metatarsals and gives rise to 

the second, third, and fourth dorsal metatarsal arteries. The dorsal metatarsal arteries 
branch into two dorsal digital arteries.

 iii. First dorsal metatarsal artery
 iv. Deep plantar artery enters the sole of the foot and joins the lateral plantar artery to form 

the plantar arch.

 3. Posterior Tibial Artery passes behind the medial malleolus with the tibial nerve, where it can 
be palpated. The posterior tibial artery gives off the following branches.
a. Fibular artery passes behind the lateral malleolus, gives rise to the posterior lateral malleo-

lar artery, and ends in branches around the ankle and heel.
b. Medial plantar artery gives rise to a superficial branch, which forms three superficial digital 

branches, and a deep branch, which supplies the big toe.
c. Lateral plantar artery arches medially across the foot to form the plantar arch in conjunction 

with the deep plantar artery (from the dorsalis pedis artery). The plantar arch gives rise to four 
plantar metatarsal arteries and three perforating branches, which anastomose with the 
arcuate artery. The plantar metatarsal arteries branch into two plantar digital arteries.

F. Collateral Circulation
 1. Around the Hip Joint (Cruciate Anastomosis) involves the following arteries.

a. Inferior gluteal artery (a branch of the internal iliac artery)
b. Medial femoral circumflex artery
c. Lateral femoral circumflex artery
d. First perforating branch of profundus femoris artery

 2. Around the Head of the Femur (Trochanter Anastomosis) involves the following arteries.
a. Superior gluteal artery
b. Inferior gluteal artery
c. Medial femoral circumflex artery
d. Lateral femoral circumflex artery

 3. Around the Knee Joint (Geniculate Anastomosis) maintains blood supply to the leg during 
full flexion and involves the following arteries.
a. Superior lateral genicular artery
b. Inferior lateral genicular artery
c. Superior medial genicular artery
d. Inferior medial genicular artery
e. Descending genicular artery (from the femoral artery)
f. Descending branch of the lateral femoral circumflex artery
g. Anterior tibial recurrent artery

 4. Around the Ankle Joint (Plantar Anastomosis)

G. Clinical Considerations
 1. Placement of Ligatures. In emergency situations, the femoral artery can be ligated anywhere 

along its course in the anterior compartment of the thigh without risking total loss of blood supply 
to the lower limb distal to the ligature site. However, sudden occlusion of the femoral artery by 
ligature or embolism is usually followed by gangrene. In general, collateral circulation in the lower 
limb is not as robust as in the upper limb.
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 2. Acute Arterial Occlusion is most commonly caused by an embolism or thrombosis. This 
occlusion most frequently occurs where the femoral artery gives off the profunda femoris artery. 
Clinical signs include pain, paralysis, paresthesia, pallor, poikiloderma, and pulselessness (i.e., the 
6 P’s). This may lead to loss of lower limb due to muscle and nerve damage (both are very sensitive 
to anoxia) within 4 to 8 hours if prompt treatment does not occur.

 3. Chronic Arterial Occlusive Disease is most commonly caused by atherosclerosis. This dis-
ease most frequently involves the femoral artery near the adductor hiatus and popliteal artery (i.e., 
femoropopliteal in 50% of the cases), anterior tibial artery, posterior tibial artery, and fibular artery 
(i.e., tibiofibular in diabetic patients). Clinical signs include intermittent claudication, whose 
key feature is profound fatigue or aching upon exertion (never by sitting or standing for prolonged 
periods), which is relieved by short periods of rest (5 to 10 minutes); and ischemic rest pain,
which features pain across the distal foot and toes that usually occurs at night (patient awakens 
from sleep); pain is exacerbated by elevation and relieved by a dependent position (patient sleeps 
with leg over the side of the bed).

 4. Compartment Syndrome is an increase in the interstitial fluid pressure within an osseofas-
cial compartment of sufficient magnitude (30 mm Hg or greater) to compromise microcirculation 
(ischemia), leading to muscle and nerve damage. This syndrome most frequently occurs in the 
anterior compartment of the thigh due to crush injuries (e.g., car accidents) involving the femoral 
artery and femoral nerve, and the anterior compartment of the leg due to tibial fractures involv-
ing the anterior tibial artery and deep fibular nerve. Clinical signs include swollen, tense com-
partment; pain upon passive stretching of the tendons within the compartment; and pink color, 
warmth, and presence of a pulse over the involved compartment.

IV Venous Drainage
A. Superficial Veins of the Lower Limb

1. Great Saphenous Vein (has 10 to 12 valves) is formed by the union of the dorsal vein of the big 
toe and the dorsal venous arch of the foot. The great saphenous vein passes anterior to the medial 
malleolus (travels with the saphenous nerve), where it is accessible for venous puncture or cath-
eter insertion and passes posterior to the medial condyle of the femur. The great saphenous vein 
anastomoses with the lesser saphenous vein. The great saphenous vein courses along the medial 
aspect of the leg and thigh and finally empties into the femoral vein within the femoral triangle.

 2. Small Saphenous Vein is formed by the union of the dorsal vein of the little toe and the dorsal 
venous arch of the foot. The small saphenous vein passes posterior to the lateral malleolus (travels 
with the sural nerve). The small saphenous vein courses along the lateral border of the calcaneal 
tendon, ascends between the heads of the gastrocnemius muscle, and finally empties into the pop-
liteal vein within the popliteal fossa.

B. Deep Veins of the Lower Limb follow the arterial pattern of the leg leading finally to the 
femoral vein.

C. Communicating Venous System is a network of perforating veins that penetrate the deep 
fascia and connect the superficial veins (which contain valves) with the deep veins. This allows flow of 
blood only from the superficial veins → deep veins and enables muscular contractions to propel blood 
toward the heart against gravity. Incompetent valves allow backflow of blood into the superficial veins 
(superficial veins ← deep veins), causing dilation of the superficial veins and leading to varicose veins.
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Figure 21-2 Cutaneous nerves of the lower limb. A: Anterior view. B: Posterior view.

D. Clinical Consideration. Deep venous thrombosis (DVT) is a blood clot (thrombus) within 
the deep veins of the lower limb (most commonly), which may lead to a pulmonary embolus. DVT 
is usually caused by venous stasis (e.g., prolonged immobilization, congestive heart failure, obesity), 
hypercoagulation (e.g., oral contraceptive use, pregnancy), or endothelial damage. The nidus of DVT 
is stagnant blood behind the cusp of a venous valve (i.e., the venous sinus). Treatment includes intra-
venous heparin for 5 to 7 days followed by Coumadin for 3 months (Coumadin is contraindicated in 
pregnant women because it is teratogenic).

V Cutaneous Nerves of the Lower Limb (Figure 21-2). The cutaneous 
nerves of the lower limb include the superior, middle, and inferior clunial nerves; genitofemoral 
nerve; iliohypogastric nerve; lateral femoral cutaneous nerve; posterior femoral cutaneous nerve; 
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cutaneous branch of the obturator nerve; anterior cutaneous branches of the femoral nerve; 
saphenous nerve (travels with the great saphenous vein); lateral sural cutaneous nerve; medial 
sural cutaneous nerve; sural nerve (formed by the union of the lateral and medial sural cutaneous 
nerves); superficial fibular nerve; deep fibular nerve; calcaneal nerves; medial plantar nerve; and 
lateral plantar nerve.

VI The Lumbar Plexus (Figures 21-3 and 21-4). The components of the lumbar 
plexus include the following.

A. Rami are the L1 to L4 ventral primary rami of spinal nerves.

B. Divisions (Anterior and Posterior) are formed by rami dividing into anterior and posterior 
divisions.
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Figure 21-3 Diagram of the nerves of the lumbar plexus.
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C. Branches. The terminal branches of the lumbar plexus include the following.

 1. Ilioinguinal Nerve (L1)
 2. Iliohypogastric Nerve (L1)
 3. Genitofemoral Nerve (L1, L2)
 4. Lateral Cutaneous Nerve of the Thigh (L2, L3)
 5. Femoral Nerve (L2 to L4)
 6. Obturator Nerve (L2 to L4)
 7. Lumbosacral Trunk (L4, L5)
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Lower Limb 229

VII Nerve Lesions (Table 21-1)

Table 21-1: Nerve Lesions
Nerve Injury Injury Description Impairments Clinical Aspects

Femoral nerve Trauma at femoral triangle
Pelvic fracture

Flexion of thigh is weakened
Extension of leg is lost
Sensory loss on anterior thigh 

and medial leg

Loss of knee-jerk reflex
Anesthesia on anterior thigh

Obturator nerve Anterior hip dislocation
Radical retropubic prosta-

tectomy

Adduction of thigh is lost
Sensory loss on medial thigh

Superior gluteal 
nerve

Surgery
Posterior hip dislocation
Poliomyelitis

Gluteus medius and minimus 
function is lost

Ability to pull pelvis down and 
abduction of thigh are lost

Gluteus medius limp or “wad-
dling gait”

Positive Trendelenburg sign

Inferior gluteal 
nerve

Surgery
Posterior hip dislocation

Gluteus maximus function 
is lost

Ability to rise from a seated 
position, climb stairs, or 
jump is lost

Patient will lean the body trunk 
backward at heel strike

Common fibular 
nerve

Blow to lateral aspect of 
leg

Fracture of neck of fibula

Eversion of foot is lost
Dorsiflexion of foot is lost
Extension of toes is lost
Sensory loss on anterolateral 

leg and dorsum of foot

Patient will present with foot 
plantar flexed (“foot drop”) 
and inverted

Patient cannot stand on heels
“Foot slap”

Tibial nerve at 
popliteal fossa

Trauma at popliteal fossa Inversion of foot is weakened
Plantar flexion of foot is lost
Flexion of toes is lost
Sensory loss on sole of foot

Patient will present with foot 
dorsiflexed and everted

Patient cannot stand on toes

VIII Hip and Gluteal Region (Figure 21-5). The piriformis muscle is the landmark 
of the gluteal region. The superior gluteal vessels and nerve emerge superior to the piriformis 
muscle, whereas the inferior gluteal vessels and nerve emerge inferior to it. Gluteal intramuscular 
injections can be safely made in the superolateral portion of the buttock.
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A. Hip Joint is the articulation of the head of the femur with the lunate surface of the acetabulum and 
the acetabular labrum. The hip joint is supported by the following ligaments.

 1. Iliofemoral Ligament (Y Ligament of Bigelow) is the largest ligament and reinforces the hip 
joint anteriorly.

 2. Pubofemoral Ligament reinforces the hip joint inferiorly.

 3. Ischiofemoral Ligament is the thinnest ligament and reinforces the hip joint posteriorly.

 4. Ligamentum Teres plays only a minor role in stability but carries the artery to the head of the 
femur.

B
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Figure 21-5 Hip and gluteal region. A: Anteroposterior radiograph of the right hip region. Shenton line is a radiology 
term describing a curved line drawn along the medial border of the femur and superior border of the obturator foramen. 
The “teardrop” appearance is caused by the superimposition of structures at the inferior margin of the acetabulum.  
B: Diagram of the hip (coxal) bone (lateral view) showing the anterior column and posterior columns of the acetabulum.
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B. Femoral Triangle. The hip joint is related to the femoral triangle, whose boundaries are the ingui-
nal ligament (superiorly), sartorius muscle (laterally), and adductor longus muscle (medially). The floor 
of the femoral triangle is the pectineus and the iliopsoas muscles. The roof of the femoral triangle is the 
fascia lata. The femoral triangle contains the following structures listed in a medial-to-lateral direction.

 1. Femoral Canal (most medial structure) containing lymphatics and lymph nodes. The femoral 
canal is important clinically because this can be a path for herniation of abdominal contents. The 
femoral canal is within the femoral sheath.

 2. Femoral Vein. The great saphenous vein joins the femoral vein within the femoral triangle 
just below and lateral to the pubic tubercle. This is an important site where a great saphenous vein 
cutdown can be performed. The femoral vein is within the femoral sheath.

 3. Femoral Artery. The femoral artery is within the femoral sheath.

 4. Femoral Nerve (most lateral structure). The femoral nerve is not within the femoral sheath.

C. Clinical Considerations
 1. Acetabular Fractures (Figure 21-6) most commonly 

occur in high-energy motor vehicle accidents or falls, 
where indirect forces are transmitted through the femo-
ral head to the acetabulum. The acetabulum is nestled 
under an arch formed by the anterior column (ilio-
pubic) and posterior column (ilioischial). The top 
anteroposterior (AP) radiograph shows an anterior col-
umn fracture of the acetabulum (arrows). The bottom AP 
radiograph shows a posterior rim fracture of the acetab-
ulum (arrow).

Figure 21-6 Acetabular fractures.
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 2. Anterior Dislocations of the Hip Joint (Figure 
21-7) are not as common as posterior dislocations. 
The head of the femur comes to lie anterior to the 
iliofemoral ligament. The lower limb is externally 
rotated and abducted. The femoral artery may 
be damaged so that the lower limb may become cya-
notic. The AP radiograph shows an anterior disloca-
tion of the hip joint. Note that the femoral head lies 
anterior to the obturator foramen. The lower limb is 
externally rotated and abducted.

 3. Posterior Dislocation of the Hip Joint (Figure 
21-8). The hip joint is most commonly dislocated in a 
posterior direction due to a severe trauma (e.g., car acci-
dent where flexed knee hits the dashboard). The head 
of the femur comes to lie just posterior to the iliofemoral 
ligament and the posterior rim of the acetabulum may 
also be fractured. The lower limb is internally rotated, 
adducted, and shorter than the normal limb. Avas-
cular necrosis of the femoral head may occur if the 
medial and lateral circumflex arteries are compromised. 
In addition, the sciatic nerve may be damaged. The 
AP radiograph shows a posterior dislocation of the hip 
joint. This type of dislocation is most common in car 
accidents, whereby the lower limb is internally rotated, 
adducted, and shorter than the normal limb.

 4. Femoral Neck Fracture (Figure 21-9) most com-
monly occurs in elderly women with osteoporosis just 
distal to the femoral head (i.e., subcapital location). 
The lower limb is externally rotated and shorter 
than the normal limb. Avascular necrosis of the femo-
ral head may occur if the medial and lateral circum-
flex arteries are compromised. The AP radiograph 
shows a femoral neck fracture (subcapital). This type 
of fracture is most common in elderly women with 
osteoporosis, whereby the lower limb is externally 
rotated and shorter than the normal limb.

 5. Legg-Perthes Disease (Figure 21-10) is an idio-
pathic avascular necrosis of the head of the femur that 
possibly occurs when the medial and lateral circumflex 
arteries gradually replace the artery to the head of the 
femur as the main blood supply to the head of the femur. 
It most commonly occurs unilaterally in Caucasian boys 
who present with hip pain, slight external rotation, and a 
limp. This disease has three major phases: Initial phase, 
degenerative phase, and regenerative phase. 
The AP radiograph shows Legg-Perthes disease. This  
8-year-old boy complained of pain in the right hip and 
demonstrated a limp. Note that the femoral head on the 
right side (arrow) is almost completely absent. Compare 
to the normal femoral head on the left side.

Figure 21-8 Posterior dislocation of hip 
joint.

Figure 21-9 Femoral neck fracture. 
Asterisk indicates the head of the femur.

Figure 21-10 Legg-Perthes disease.

Figure 21-7 Anterior dislocation of 
hip joint.



Lower Limb 233

IX Knee Region (Figure 21-11)

A. Knee (Femorotibial) Joint is the articulation of the medial and lateral condyles of the femur 
with the medial and lateral condyles of the tibia. The knee joint is supported by the following ligaments.

 1. Patellar Ligament is struck to elicit the knee-jerk reflex. The reflex is blocked by damage to the 
femoral nerve, which supplies the quadriceps muscle or damage to spinal cord segments L2 to L4.

 2. Tibial Collateral Ligament extends from the medial epicondyle of the femur to the shaft of the 
tibia and prevents abduction at the knee joint. A torn medial collateral ligament can be recognized 
by abnormal passive abduction of the extended leg.

 3. Fibular Collateral Ligament extends from the lateral epicondyle of the femur to the head of the 
fibula and prevents adduction at the knee joint. A torn lateral collateral ligament can be recog-
nized by the abnormal passive adduction of the extended leg.

 4. Anterior Cruciate Ligament extends from the anterior aspect of the tibia to the lateral condyle 
of the femur and prevents anterior movement of the tibia in reference to the femur. A torn anterior 
cruciate ligament can be recognized by abnormal passive anterior displacement of the tibia called 
an anterior drawer sign. A hyperextension injury at the knee joint will stretch the anterior 
cruciate ligament.

 5. Posterior Cruciate Ligament extends from the posterior aspect of the tibia to the medial condyle of 
the femur and prevents posterior movement of the tibia in reference to the femur. A torn posterior cruci-
ate ligament can be recognized by abnormal passive posterior displacement of the tibia called a poste-
rior drawer sign. A hyperflexion injury at the knee joint will stretch the posterior cruciate ligament.
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Figure 21-11 Diagram of the flexed knee joint with the patella reflected showing the articular surfaces and ligaments 
of the knee joint.
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B. The knee joints contain menisci, which include the following.

1. Medial Meniscus is a C-shaped fibrocartilage that is attached to the medial collateral ligament 
and is easily torn because it is not very mobile.

 2. Lateral Meniscus is an O-shaped fibrocartilage. Lateral meniscus tears are most commonly asso-
ciated with anterior cruciate ligament tears.

C. The knee joint is related to the popliteal fossa, which contains the following structures:  Tibial nerve, 
common fibular nerve, popliteal artery, popliteal vein, and small saphenous vein.

D. Clinical Consideration. The “terrible triad of O’Donoghue” is the result of fixation of a 
semiflexed leg receiving a violent blow on the lateral side (e.g., football “clipping”) causing abduction 
and lateral rotation that damages the following structures: The anterior cruciate ligament is torn; the 
medial meniscus and/or the lateral meniscus is torn; and the tibial collateral ligament is torn due 
to excessive abduction of the knee joint.

X Ankle and Foot Region (Figure 21-12)

A. Ankle (Talocrural) Joint is the articulation of the inferior surface of the tibia with the trochlea 
of the talus, where dorsiflexion and plantar flexion of the foot occur. The ankle joint is supported by 
the following ligaments.

 1. Medial (Deltoid) Ligament extends from the medial malleolus of the tibia to the talus, navicu-
lar, and calcaneus bones. The medial ligament consists of the anterior tibiotalar ligament, pos-
terior tibiotalar ligament, tibionavicular ligament, and tibiocalcaneal ligament.

 2. Lateral Ligament extends from the lateral malleolus of the fibula to the talus and calcaneus 
bones. The lateral ligament consists of the anterior talofibular ligament, posterior talofibular 
ligament, and calcaneofibular ligament.

B. The ankle joint contains the medial malleolus, which is related to the following structures.

1. Anterior relationships include the saphenous nerve and great saphenous vein (an excellent 
location for a great saphenous vein cutdown).

 2. Posterior relationships include the flexor hallucis longus tendon, flexor digitorum longus 
tendon, tibial posterior tendon, posterior tibial artery, and tibial nerve.

C. Subtalar Joint is the articulation of the talus and the calcaneus where inversion and eversion of 
the foot occur.

D. Transverse Tarsal Joint (Chopart Joint) is actually two joints: The talonavicular joint and 
the calcaneocuboid joint. It is the joint where inversion and eversion of the foot also occur.

E. Tarsometatarsal Joint (Lisfranc Joint)  is the articulation of the tarsal bones with the 
metatarsals.
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Figure 21-12 Ankle joint. A: Anteroposterior radiograph of the right ankle. The dotted line indicates the talocrural 
joint where dorsiflexion and plantar flexion (df/pf) occur. The diagrams show the components of the medial (deltoid) liga-
ment and lateral ligament that provide support for the talocrural joint. The anterior talofibular ligament (*) is most com-
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F. Clinical Considerations
 1. Inversion Injury (Most Common Ankle Injury) 

(Figure 21-13) occurs when the foot is forcibly 
inverted and results in the following: A stretch or 
tear of the lateral ligament (most commonly the ante-
rior talofibular ligament); fracture of the fibula; 
and avulsion of the tuberosity of the fifth meta-
tarsal (called a Jones fracture), where the fibularis 
brevis muscle attaches (depending on the severity 
of the injury). The diagram shows structures dam-
aged due to an inversion injury to the right ankle. 
The AP radiograph shows a bimalleolar (both mal-
leoli are fractured) fracture–dislocation caused by 
an inversion injury. The impaction force of the dislo-
cated talus striking against the medial malleolus has 
resulted in an oblique fracture (arrowheads). The dis-
tance between the medial malleolus and the medial 
surface of the talus (asterisk) indicates that the medial 
(deltoid) ligament is disrupted. The force transmitted 
through the lateral ligament has caused a fracture of 
the lateral malleolus (solid white arrow). The normal 
relationship between the proximal fibular fracture and 
tibia (open arrow) indicates that the distal tibiofibular 
ligaments and the interosseous membrane are intact.
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Figure 21-13 Inversion injury of the 
right ankle.
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 2. Eversion Injury (Pott Fracture) (Figure 21-14) 
occurs when the foot is forcibly everted and results 
in the following: Avulsion of the medial malleolus 
(the medial ligament is so strong that instead of tearing, 
it avulses the medial malleolus) and fracture of the 
fibula due to the lateral movement of the talus. The 
diagram shows structures damaged due to an eversion 
injury to the right ankle. The AP radiograph shows an 
avulsion fracture of the medial malleolus (white arrow) 
and fracture of the fibula (white arrowhead). The pres-
ence of a fracture medial malleolus indicates that the 
medial (deltoid) ligament is intact. The widening of 
the tibiofibular joint (open arrow) indicates that the 
anterior and posterior distal tibiofibular ligaments are 
disrupted, as is the interosseous membrane.

 3. Ski Boot Injury usually results in the fracture of the 
distal portions of the tibia and fibula.

 4. Calcaneal Fracture (Lover’s Fracture) occurs 
when a person jumps from a great height (e.g., from 
a second story bedroom window, hence the name). A 
calcaneal fracture usually involves the subtalar joint 
and is usually associated with fractures of the lumbar 
vertebrae and neck of the femur.

 5. Lisfranc Injury occurs when bikers get their foot 
caught in the pedal clips or as a result of a high-energy 
car accident. A Lisfranc injury results in the fracture or 
dislocation at the tarsometatarsal joint (Lisfranc joint).
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Figure 21-14 Eversion injury of the 
right ankle.
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Figure 21-15 Cross-sectional anatomy of the thigh and leg. A: A cross section through the right thigh. Black lines 
divide the extensor (anterior) compartment, flexor (posterior) compartment, and adductor (medial) compartments. B: A 
cross section through the right leg. Black lines divide the extensor, flexor, and lateral compartments.

XI Cross-Sectional Anatomy of Right Thigh and 
Right Leg (Figure 21-15)
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Case Study
A 22-year-old man comes to the emergency room late at night complaining of severe pain in his left leg. After 
some discussion, you learn that earlier that day he was kicked very hard in the left leg while playing soccer. 
He tells you that “I tried to keep playing because this was an important game but I had to come out of the 
game because the pain was too much. When I was showering after the game, I noticed the color of my left 
foot was a little dark.” What is the most likely diagnosis?

Relevant Physical Examination Findings
 ● Anterolateral surface of the left leg is swollen, very hard, and tender.

 ● Dorsalis pedis pulse is absent over the left foot.

 ● Temperature of his left foot is noticeably less than that of his right foot.

 ● Patient cannot extend the toes of the left foot.

 ● When attempting to walk patient drags his left foot.

Relevant Laboratory Findings
 ● Radiograph showed no fracture of any bone in the lower limb.

Diagnosis
Anterior Compartment Syndrome

 ● The direct trauma to the left leg resulted in hemorrhage and swelling inside the anterior compartment of 
the left leg. This swelling increased pressure on the nerves, veins, and arteries inside the compartment.

 ● Muscles and nerves can survive up to 4 hours of ischemia without irreversible damage. After 4 hours of 
ischemia, nerves will show irreversible damage.

 ● Prolonged compression of the nerves destroys their ability to function properly. The initial numbness, 
severe pain, and tenderness were due to increased pressure on the common fibular nerve.

 ● The eventual loss of extension of the toes and foot drop were also due to increased pressure on the com-
mon fibular nerve.

 ● The darkened foot color and loss of dorsalis pedis pulse were due to increased pressure on the anterior 
tibial artery.

 ● A fasciotomy is usually performed to relieve the symptoms. Two medial and lateral incisions are used to 
completely release all surrounding compartments. Skin incisions are left open to keep intracompartmental 
pressure low. Closure is performed 48 to 72 hours later.
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Case Study
A mother brings her 7-year-old son into your office saying that “my son keeps complaining of pain in his 
left knee and sometimes the left hip. And it is like he won’t put any weight on his left leg.” She also tells 
you that “he fell down a couple of days ago while playing and came home crying. I also brought him to the 
emergency room about 8 months ago after a fall. They gave him some pain medication and everything was 
fine until now. It’s like the same thing is happening all over again.” After some discussion with the mother 
you learn that she observed symptoms over the past 2 months where her son showed signs of a worsening 
limp, decreased mobility, and increasing pain in the left knee and hip without any trauma. What is the most 
likely diagnosis?

Relevant Physical Examination Findings
 ● The boy is markedly obese.

 ● The left knee has a decreased range of motion and is tender to palpation.

 ● The left hip has a decreased range of motion and pain is elicited upon passive internal rotation when the 
boy is lying down.

 ● The left ankle and foot examinations are unremarkable.

 ● The boy refuses to bear weight on the left leg and demonstrates an antalgic gait.

Relevant Laboratory Findings
 ● Frontal radiograph shows loss of the normal spherical shape of the femoral head; the contour of the femoral 

head is flat. The flattening is most apparent along the lateral aspect of the femoral head.

 ● Frog-leg radiograph shows a prominent widening of the joint space and a peripheral fracture of the femoral 
epiphysis (crescent sign).

Diagnosis
Legg-Perthes Disease

 ● Legg-Perthes disease is a pediatric disorder that affects mainly Caucasian boys between 3 and 12 years of age.

 ● Osteonecrosis of the femoral head is the eventual outcome of this disease.

 ● The cause seems to be a vascular insult to the femoral epiphysis leading to infarction of the trabecular 
bone and structural collapse of the femoral head.

 ● The etiology of Legg-Perthes disease is not well understood and remains idiopathic in nature.
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Case Study
A 14-year-old girl comes to your office complaining that “I’ve had a lot of pain in my right shin for about a 
month. It hurts just under the kneecap.” She also tells you that she was recently on a wilderness vacation 
and did some pretty strenuous hiking up some steep rocky cliffs. She has also begun conditioning for the 
basketball season and has started playing a lot of practice scrimmages. She also says, “I take a lot of ibuprofen 
to stop the pain and it works pretty good. When I take a few days off from my conditioning program the pain 
goes away, but the pain always comes back when I start conditioning again. Doc, I have got to get in shape 
for the basketball season.” What is the most likely diagnosis?

Relevant Physical Examination Findings
 ● Pain over the proximal tibial tuberosity at the insertion of the patellar ligament

 ● A visible soft tissue swelling at the insertion of the patellar ligament

Relevant Laboratory Findings
 ● Radiograph showed mild separation of small ossicle from the developing ossification center at the tibial 

tuberosity.

Diagnosis
Osgood-Schlatter Disease

 ● Osgood-Schlatter disease is one of the most common causes of knee pain in active adolescents.

 ● Osgood-Schlatter disease is thought to be caused by repeated traction on the developing ossification cen-
ter at the tibial tuberosity, which leads to multiple subacute fractures or tendinous inflammation.

 ● Osgood-Schlatter disease is a benign, self-limiting disease that usually disappears within a year. Pain may 
persist for 2 to 3 years until the tibial growth plate closes in late adolescence.

 ● Persistent complaints of pain may be due to bony ossicle formation in the patellar ligament.
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C H A P T E R  2 2

Head

 I Skull. The skull can be divided into two parts: The neurocranium and viscerocranium.

A. Neurocranium. The neurocranium consists of the flat bones of the skull (i.e., cranial vault) and 
the base of the skull, which include the following eight bones: Frontal bone, occipital bone, ethmoid 
bone, sphenoid bone, paired parietal bones, and paired temporal bones.

B. Viscerocranium. The viscerocranium consists of the bones of the face that develop from the pha-
ryngeal arches in embryologic development, which include the following 14 bones: Mandible, vomer, 
paired lacrimal bones, paired nasal bones, paired palatine bones, paired inferior turbinate 
bones, paired maxillary bones, and paired zygomatic bones.

C. Sutures
 1. During fetal life and infancy, the flat bones of the skull are separated by dense connective tissue 

(fibrous joints) called sutures.

 2. There are five sutures: Frontal suture, sagittal suture, lambdoid suture, coronal suture, and 
squamous suture.

 3. Sutures allow the flat bones of the skull to deform during childbirth (called molding) and to 
expand during childhood as the brain grows.

 4. Molding may exert considerable tension at the “obstetric hinge” (junction of the squamous and 
lateral parts of the occipital bone) such that the great cerebral vein (of Galen) is ruptured during 
childbirth.

D. Fontanelles
 1. Fontanelles are large fibrous areas where several sutures meet.

 2. There are six fontanelles: Anterior fontanelle, posterior fontanelle, two sphenoid fonta-
nelles, and two mastoid fontanelles.

 3. The anterior fontanelle is the largest fontanelle and readily palpable in the infant. It pulsates because 
of the underlying cerebral arteries and can be used to obtain a blood sample from the underlying 
superior sagittal sinus.

 4. The anterior fontanelle and the mastoid fontanelles close at about 2 years of age, when the main 
growth of the brain ceases.

 5. The posterior fontanelle and the sphenoid fontanelles close at about 6 months of age.

E. Foramina of the Skull (Figure 22-1)
 1. The floor of the cranial cavity can be divided into the anterior cranial fossa, middle cranial 

fossa, and posterior cranial fossa, all of which contain foramina and fissures through which 
blood vessels and cranial nerves (CNs) are transmitted.
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Foramen Structures Transmitted

Anterior Cranial Fossa

Cribriform plate

Foramen cecum
Anterior and posterior 

ethmoidal foramina

CN I; Discharge of CSF from the nose (rhinorrhea) will result from fracture of 
cribriform plate and dural tear

Emissary vein
Anterior and posterior ethmoidal nerves and arteries

Middle Cranial Fossa

Optic canal
Superior orbital fissure
Foramen rotundum
Foramen ovale
Foramen spinosum

Foramen lacerum
Carotid canal
Hiatus of facial canal

CN II, ophthalmic artery, central artery and vein of retina
CN III, CN IV, CN V1, CN VI, ophthalmic veins
CN V2

CN V3, lesser petrosal nerve, accessory meningeal artery
Middle meningeal artery; epidural hemorrhage will result from a fracture in 

this area
Empty
Internal carotid artery and sympathetic carotid plexus
Greater petrosal nerve

Posterior Cranial Fossa

 Internal acoustic meatus

Jugular foramen
 

Hypoglossal canal
Foramen magnum
Condyloid foramen
Mastoid foramen

CN VII, CN VIII, labyrinthine artery; discharge of CSF from external acoustic 
meatus (otorrhea) will result from fracture of mastoid process and dural tear

CN IX, CN X, CN XI, sigmoid sinus; mass in jugular foramen will result in 
difficulty swallowing (dysphagia) and speaking (dysarthria), uvula paralysis,  
and inability to shrug shoulders

CN XII
Medulla of the brainstem, CN XI, vertebral arteries
Emissary vein
Branch of occipital artery to the dura, emissary vein

CSF = cerebrospinal fluid.

Figure 22-1 Foramina of the skull. A: This figure shows the base of the skull (interior aspect) and the various foram-
ina within the anterior, middle, and posterior cranial fossae. Common clinical situations associated with each foramen 
are indicated in the table (e.g., rhinorrhea, epidural hemorrhage, otorrhea, and mass in jugular foramen). B: Table of 
foramen and structures.
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 2. In addition, the falx cerebri and tentorium cerebelli divide the interior of the skull into com-
partments, which becomes clinically important when increased intracranial pressure in one com-
partment causes the brain to “herniate” or shift to a lower-pressure compartment.

F. Clinical Considerations
 1. Temporal Bone Formation

a. Mastoid process. This portion of the temporal bone is absent at birth, which leaves the facial 
nerve (CN VII) relatively unprotected as it emerges from the stylomastoid foramen. In a difficult 
delivery, forceps may damage CN VII. The mastoid process forms by 2 years of age.

b. Petrosquamous fissure. The petrous and squamous portions of the temporal bone are sepa-
rated by the petrosquamous fissure, which opens directly into the mastoid antrum of the middle 
ear. This fissure, which may remain open until 20 years of age, provides a route for the spread 
of infection from the middle ear to the meninges.

 2. Sphenooccipital Joint is a site of growth up to about 20 years of age.

 3. Fracture of the Pterion may result in a rupture of the anterior branches of the middle meningeal 
artery and result in a life-threatening epidural hemorrhage.

 4. Abnormalities in Skull Shape. These may result from failure of cranial sutures to form or from 
premature closure of sutures (craniosynostoses).
a. Crouzon syndrome (CS) (Figure 22-2) is one of the 

eight fibroblast growth factor receptor (FGFR)-related 
craniosynostosis syndromes, which include Pfeiffer 
syndrome, Apert syndrome, Beare-Stevenson syn-
drome, FGFR2-related isolated coronal synostosis, 
Jackson-Weiss syndrome, CS with acanthosis nigricans, 
and Muenke syndrome. CS is an autosomal dominant 
genetic disorder caused by a missense mutation in the 
FGFR2 gene on chromosome 10q25-q26 for FGFR2. 
These missense mutations result in constitutive acti-
vation of FGFR2 (i.e., a gain-of-function mutation), 
which indicates that FGFR2 normally inhibits bone 
growth. Clinical findings include premature craniosyn-
ostosis, midface hypoplasia with shallow orbits, ocular 
proptosis, mandibular prognathism, normal extremi-
ties, progressive hydrocephalus, and no mental retarda-
tion. The photograph shows a young boy with CS. Figure 22-2 Crouzon syndrome.
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 5. Foramen Magnum Herniation (or Arnold-Chiari 
Malformation) (Figure 22-3) is a congenital malfor-
mation and occurs when the cerebellar vermis, cerebel-
lar tonsils, and medulla herniate through the foramen 
magnum along with cerebral aqueductal stenosis and 
breaking of the tectal plate. This results in stretching of 
CN IX, CN X, and CN XII, and compression of medulla. 
Clinical findings include spastic dysphonia, difficulty 
in swallowing, laryngeal stridor (vibrating sound heard 
during respiration as a result of obstructed airway), 
diminished gag reflex, apnea, vocal cord paralysis, and 
hydrocephalus due to aqueductal stenosis. The magnetic 
resonance image (MRI) of the Arnold-Chiari malforma-
tion shows a herniation of the brainstem and cerebellum 
(arrows) through the foramen magnum. Note the pres-
ence of a syrinx (S) (an abnormal cavity) in the cervical 
spinal cord.

 II Scalp. The scalp is composed of five layers. The first three layers constitute the scalp proper, 
which moves as a unit. The five layers include the following.

A. Skin. The thin skin has many sweat glands, sebaceous glands, and hair follicles.

B. Connective Tissue. The connective tissue forms a thick, vascularized subcutaneous layer.

C. Aponeurosis (Galea Aponeurotica). The aponeurosis is a broad, strong tendinous sheet 
that covers the calvaria and serves as attachment for the occipitofrontalis muscle, temporoparietalis 
muscle, and superior auricular muscle.

D. Loose Connective Tissue. The loose connective tissue allows free movement of the scalp 
proper over the cranium. This layer contains the emissary veins through which infection can spread 
easily throughout the scalp or into the intracranial sinuses.

E. Pericranium. The pericranium forms the periosteum of the neurocranium.

Figure 22-3 Foramen magnum her-
niation (Arnold-Chiari malformation).
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 III Meninges
A. Dura Mater. The cranial dura mater is a two-layered membrane consisting of the external peri-

osteal layer (i.e., the endosteum of the neurocranium) and the internal meningeal layer, which is 
continuous with the dura of the vertebral canal and forms dural infoldings or reflections that divide the 
cranial cavity into compartments.

 1. Dural Infolding or Reflections
a. Falx cerebri extends between the cerebral hemispheres and contains the inferior sagittal 

sinus and superior sagittal sinus.
b. Falx cerebelli extends between the cerebellar hemispheres.
c. Tentorium cerebelli supports the occipital lobes of the cerebral hemispheres and covers the 

cerebellum. It encloses the transverse sinus and the superior petrosal sinus.
d. Diaphragma sellae forms the roof of the sella turcica covering the hypophysis.

 2. Vasculature of the Dura
a. The arterial supply of the dura mater is by the middle meningeal artery (a branch of the 

maxillary artery), which branches into an anterior branch and a posterior branch.
b. The venous drainage of the dura mater is by middle meningeal veins, which drain into the 

pterygoid plexus.

 3. Innervation of the Dura
a. Most of the meningeal dura is innervated by meningeal branches from CN V1, CN V2, and 

CN V3.
b. The meningeal dura of the posterior cranial fossa is innervated by the C1, C2, and C3 spinal 

nerves and by CN X.

B. Arachnoid
 1. The arachnoid is a filmy, transparent layer that is connected to the pia mater by arachnoid 

trabeculae.

 2. The arachnoid is separated from the pia mater by the subarachnoid space, which contains cere-
brospinal fluid (CSF) and enlarges at several locations to form subarachnoid cisterns.

 3. The arachnoid projects arachnoid villi (collections of which are called arachnoid granulations) 
into the cranial venous sinuses, which serve as sites where CSF diffuses into the venous blood.

C. Pia Mater
 1. The pia mater is a shiny, delicate layer that is closely applied to the brain and follows all the con-

tours of the brain.

 2. The cerebral arteries that run in the subarachnoid space penetrate the pia mater as they enter the 
brain, whereby the pia mater is reflected onto the surface of the cerebral artery continuous with the 
tunica adventitia.

D. Clinical Considerations
 1. Headaches. The dura mater is sensitive to pain. If the dura is irritated or stretched (e.g., after a 

lumbar puncture to remove CSF), a headache results where pain is referred to regions supplied by 
CN V.

 2. Bacterial Meningitis. Meningitis is inflammation of the pia arachnoid area of the brain, spinal 
cord, or both. Bacterial meningitis is caused by group B streptococci (e.g., Streptococcus agalactiae), 
Escherichia coli, and Listeria monocytogenes in newborns (<1 month old); Streptococcus pneumoniae 
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in older infants and young children (1 to 23 months); Neisseria meningitidis in young adults 
(2 to 18 years of age); and S. pneumoniae in older adults (19 years of age and older). CSF findings 
include numerous neutrophils, decreased glucose level, and increased protein level. Clinical find-
ings include fever, headache, nuchal rigidity, and Kernig sign (the patient can easily and completely 
extend the lower limb when in the dorsal decubitus position, but not when in the sitting posture 
or when lying with thigh flexed upon the abdomen).

 3. Viral Meningitis (Aseptic Meningitis). Viral meningitis is caused by mumps, echovirus, Cox-
sackievirus, Epstein-Barr virus, and herpes simplex type 2. CSF findings include numerous lym-
phocytes, normal glucose levels, and moderately increased protein levels. Clinical findings include 
fever, headache, nuchal rigidity, and Kernig sign.

 IV Muscles of the Head
A. Muscles of the Face and Scalp include the occipitofrontalis, orbicularis oculi, corruga-

tor supercilii, procerus, levator labii superioris alaeque nasi, orbicularis oris, levator labii superioris, 
zygomaticus minor, buccinator, zygomaticus major, levator anguli oris, risorius, depressor anguli oris, 
depressor labii inferioris, mentalis, and platysma. All these muscles are innervated by CN VII.

B. Muscles of Mastication  include the temporal, masseter, lateral pterygoid, and medial pterygoid.

C. Muscles of the Soft Palate include the tensor veli palatini, levator veli palatini, palatoglossus, 
palatopharyngeus, and musculus uvulae.

D. Muscles of the Tongue  include the genioglossus, hyoglossus, styloglossus, and palatoglossus.

 V Arterial Supply (Figures 22-4 and 22-5)

A. Branches of the Arch of the Aorta  (see Chapter 5, Figure 5-18)

 1. Brachiocephalic Artery
a. Right subclavian artery, which gives rise to the right vertebral artery
b. Right common carotid artery

 2. Left Common Carotid Artery
 3. Left Subclavian Artery, which gives rise to the left vertebral artery

B. External Carotid Artery (Figure 22-4)  has eight branches in the neck, the more important of 
which include the superior thyroid artery, lingual artery, facial artery, occipital artery, maxillary 
artery, and superficial temporal artery. The maxillary artery enters the infratemporal fossa by passing 
posterior to the neck of the mandible and branches into the following.

 1. Middle Meningeal Artery, which supplies the periosteal dura mater in the cranium. Skull 
fractures in the area of the pterion (junction of the parietal, frontal, temporal, and sphenoid bones) 
may sever the middle meningeal artery, resulting in an epidural hemorrhage.

 2. Inferior Alveolar Artery
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Figure 22-5 The internal carotid artery and vertebrobasilar system. A: This figure shows the base of the brain 
(inferior view). A portion of the left temporal lobe is removed to show the middle cerebral artery. The frontal lobes are 
separated to expose the anterior cerebral arteries. The basilar artery is formed by the confluence of the two vertebral 
arteries. Note the cerebral arterial circle (circle of Willis). Note the close relationship of cranial nerve (CN) II, CN III, and 
CN VI to the vasculature.
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Figure 22-4 Arterial supply of the head. This figure (lateral view) shows the arterial supply of the head and neck regions.
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Figure 22-5 (Continued ) B: This figure shows internal carotid artery and the vertebrobasilar system along with the 
components of the cerebral arterial circle of Willis. C: This arteriogram shows the arterial system of the head and neck 
regions.
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C. Internal Carotid Artery (Figure 22-5)  has no branches in the neck and forms the anterior 
circulation of the circle of Willis. The internal carotid artery has a number of important branches, which 
include the following.

 1. Ophthalmic Artery enters the orbit with the optic nerve (CN II) and branches into the central 
artery of the retina. Occlusion results in monocular blindness.

 2. Anterior Cerebral Artery (ACA) supplies the motor cortex and sensory cortex for the leg. 
Occlusion results in contralateral paralysis and contralateral anesthesia of the leg.

 3. Middle Cerebral Artery (MCA). Occlusion of the main stem of the MCA results in contralat-
eral hemiplegia, contralateral hemianesthesia, homonymous hemianopia, and aphasia if 
the dominant hemisphere is involved.
a. Lenticulostriate arteries (deep branches or lateral 

striate) supply the basal ganglia and the internal capsule. 
Occlusion results in the classic “paralytic stroke” (Figure 
22-6) with primarily a contralateral hemiplegia due to 
destruction of descending motor fibers in the posterior limb 
of the internal capsule; contralateral hemianesthesia may 
occur if ascending sensory thalamocortical fibers in the inter-
nal capsule are also destroyed. Cerebrovascular disorders 
(“strokes”) are most commonly cerebral infarcts due to occlu-
sion of cerebral vessels by thrombosis or embolism, not by 
hemorrhage. Strokes are characterized by a relatively abrupt 
onset of a focal neurologic deficit. The lenticulostriate arteries 
are prone to hemorrhagic infarction due to hypertension or 
atherosclerotic occlusion. Since these arteries branch at right 
angles, they are not likely sites for an embolus to lodge caus-
ing an embolic infarction. The computed tomography (CT) 
scan shows a large left MCA territory stroke with edema and 
mass effect. No visible hemorrhage is apparent since most 
strokes are caused by thrombosis or embolism.

b. Outer cortical branches supply the motor cortex and sensory 
cortex for the face and arm. Occlusion results in contralat-
eral paralysis and contralateral anesthesia of the face 
and arm.

 4. Anterior Communicating Artery connects the two anterior cerebral arteries. It is the most 
common site of an aneurysm (e.g., congenital berry aneurysm), which, if ruptured, will result in 
a subarachnoid hemorrhage and possibly bitemporal lower quadrantanopia due to its close 
proximity to the optic chiasm.

 5. Posterior Communicating Artery connects the anterior circulation of the circle of Willis with 
the posterior circulation of the circle of Willis. It is the second most common site of an aneurysm 
(e.g., congenital berry aneurysm), which, if ruptured, will result in a subarachnoid hemorrhage 
and possibly oculomotor nerve (CN III) paralysis (droopy upper eyelid, eye “looks down and 
out,” diplopia, fixed and dilated pupil, and lack of accommodation).

1

2

3

Figure 22-6 Middle cere-
bral artery territory stroke. 
1, ischemic brain parenchyma; 
2, midline shift to the right; 3, 
right frontal horn of the lateral 
ventricle.
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D. Vertebral Arteries.  The right vertebral artery (a branch of the right subclavian artery) and the 
left vertebral artery (a branch of the left subclavian artery) both pass through the transverse foramina 
of C1 to C6 vertebrae (and foramen magnum) and form the posterior circulation of the circle of Willis.

 1. Basilar Artery. The basilar artery is formed by the union of the right and left vertebral arter-
ies. The basilar artery gives off a number of branches, which include the posterior cerebral artery 
(PCA).

 2. Posterior Cerebral Artery. The PCA supplies the midbrain, thalamus, and occipital lobe with 
visual cortex. Occlusion results in contralateral sensory loss of all modalities with concomi-
tant severe pain (i.e., thalamic syndrome of Dejerine and Roussy) due to damage to the 
thalamus and contralateral hemianopia with macular sparing.

 VI Venous Drainage (Figure 22-7)

A. Facial and Scalp Areas
 1. The facial vein (no valves) provides the major venous drainage of the face and drains into the 

internal jugular vein. The facial vein makes clinically important connections with the cavernous 
sinus via the superior ophthalmic vein, inferior ophthalmic vein, and pterygoid plexus of 
veins. This connection with the cavernous sinus provides a potential route of infection from the 
superficial face (“danger zone of the face”) to the dural venous sinuses within the cranium.

 2. Diploic Veins (no valves) run within the flat bones of the skull.

 3. Emissary Veins (no valves) form an anastomosis between the superficial veins on the outside of 
the skull and the dural venous sinuses.

B. Dural Venous Sinuses  (no valves) form between the external periosteal layer and the internal 
meningeal layer of the dura mater. The dural venous sinuses consist of the following.

 1. Superior Sagittal Sinus is located along the superior aspect of the falx cerebri. Arachnoid 
granulations, which transmit CSF from the subarachnoid space to the dural venous sinuses, pro-
trude into its wall.

 2. Inferior Sagittal Sinus is located along the inferior aspect (free edge) of the falx cerebri.

 3. Straight Sinus is formed by the union of the inferior sagittal sinus and the great vein of Galen
(drains venous blood from deep areas of the brain).

 4. Occipital Sinus is located in the attached border of the tentorium cerebelli.

 5. Confluence of Sinuses is formed by the union of the superior sagittal sinus, straight sinus, and 
occipital sinus.

 6. Transverse Sinus drains venous blood from the confluence of sinuses to the sigmoid sinus.

 7. Sigmoid Sinus drains into the internal jugular vein.

 8. Cavernous Sinuses
a. The cavernous sinuses are located on either side of the sphenoid bone and receive venous blood 

from the facial vein, superior ophthalmic vein, inferior ophthalmic vein, pterygoid plexus of 
veins, central vein of the retina, and each other via the intercavernous sinuses that pass ante-
rior and posterior to the hypophyseal stalk.

b. They drain venous blood into the superior petrosal sinus → transverse sinus and the inferior 
petrosal sinus → internal jugular vein.
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Figure 22-7 Venous drainage of the head. A: This figure (lateral view) shows the superficial veins of the face and 
scalp. B: This figure (medial view) shows the dural venous sinuses and their communications. C: This figure (posterior view 
of a coronal section) shows the cavernous sinus and its relationships.
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c. They are anatomically related to the internal carotid artery (carotid siphon), postganglionic 
sympathetic nerves, and CN III, CN IV, CN VI, CN V1, and CN V2.

d. The cavernous sinuses are the most clinically significant sinuses, for example:
 i. In infections of the superficial face.
 ii. Thrombophlebitis can result in poor drainage and enlargement involving CN III, CN IV, 

CN VI, CN V1, and CN V2, thereby producing ocular signs.
 iii. Infections can spread from one side to the other through the intercavernous sinuses.
 iv. Poor drainage may result in exophthalmus and edema of the eyelids and conjunctiva.
 v. Carotid artery-cavernous sinus fistula can result in a headache, orbital pain, diplopia, arteri-

alization of the conjunctiva, and ocular bruit.

 VII Clinical Considerations. Hemorrhages within the head area include an epidural 
hemorrhage, subdural hemorrhage, subarachnoid hemorrhage, and extracranial hemorrhage.

A. Epidural Hemorrhage (Figure 22-8). An epidural hemorrhage is caused by a skull fracture near 
the pterion or the greater wing of the sphenoid bone and is associated with the middle cranial fossa. 
An epidural hemorrhage is a medical emergency. The blood vessel involved is the middle meningeal 
artery. Clinical features include: A CT scan shows a lens-shaped (biconvex) hyperdensity adjacent to 
bone; arterial blood is located between the skull and dura; lucid interval for a few hours followed by 
death (“talk and die syndrome”); may cause a transtentorial herniation that compresses CN III causing 
ipsilateral dilated pupil and compresses the cerebral peduncles causing contralateral hemiparesis;
and no blood in the CSF after lumbar puncture. Figure 22-8A shows an epidural hemorrhage with 
blood located between the skull (calvaria) and the dura. Figure 22-8B shows a CT scan with a lens-
shaped hyperdensity adjacent to the skull.
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Figure 22-7 (Continued ) D: This venogram (anteroposterior view) shows the dural venous sinuses. Note the left-side 
dominance of venous drainage in the drainage from the confluence of sinuses. E: This venogram (lateral view) shows the 
dural venous sinuses. C, confluence of sinuses; I, internal jugular vein; S, sigmoid sinus; T, transverse sinus.
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B. Subdural Hemorrhage (Figure 22-9). A subdural hemorrhage is caused by a violent shaking 
of the head (e.g., child abuse or car accident) and commonly occurs in alcoholics and elderly. The blood 
vessels involved are the superior cerebral veins (“bridging veins”). Clinical features include: A CT 
scan shows a thin, crescent-shaped hyperdensity that hugs the contours of the brain; venous blood 
is located between the dura and arachnoid; blood accumulates slowly (days to weeks after trauma); and 
no blood in the CSF after lumbar puncture. Figure 22-9A shows a subdural hemorrhage with venous 
blood located between the dura and the arachnoid. Figure 22-9B shows a CT scan with a thin, crescent-
shaped hyperdensity that hugs the contours of the brain.

Calvaria

Middle
meningeal
artery

Extradural
or epidural
hematoma

Dura

BA

Figure 22-8 Epidural hemorrhage. A: Diagram. B: CT scan.

Superior sagittal sinus

Cerebral vein

Calvaria

Dura

Dural border
hematoma

Arachnoid

BA

Figure 22-9 Subdural hemorrhage. A: Diagram. B: CT scan.

C. Subarachnoid Hemorrhage (Figure 22-10). A subarachnoid hemorrhage is caused by a con-
tusion or laceration injury to the brain or a berry aneurysm. The blood vessels involved are the cerebral 
arteries or the anterior or posterior communicating arteries. Clinical features include: A CT scan 
shows a hyperdensity in the cisterns, fissures, and sulci of the brain; thickening of the falx cere-
bri; arterial blood with the subarachnoid space; irritation of the meninges causes a sudden onset of the 
“worst headache of my life”; stiff neck; vomiting; decreased mentation; early “herald headache” 
may occur; and blood within the CSF after lumbar puncture.
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D. Intraparenchymal Hemorrhage (Figure 22-11).  An intra-
parenchymal hemorrhage is caused by hemorrhage or trauma. The blood 
vessels involved are the intraparenchymal cerebral arteries. Clinical 
features include a CT scan that shows a hyperdensity within the sub-
stance of the brain and arterial blood within the substance of the 
brain. Figure 22-11 shows a CT scan with a hyperdensity within the sub-
stance of the brain.

E. Extracranial Hemorrhage.  An extracranial hemorrhage is 
caused by a depressed cranial fracture or during childbirth. The blood 
vessels involved are the emissary veins or branches of superficial 
temporal and occipital arteries. Clinical features include venous and 
arterial blood located between the galea aponeurotica and the 
skull (i.e., subaponeurotic space); lumpy clot; “black eye”; and no blood 
in the CSF after lumbar puncture.

Pia

Dura

Subarachnoid
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artery

Arachnoid
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Figure 22-10 Subarachnoid hemorrhage. A: Diagram. B: CT scan.

Figure 22-11 Intraparen-
chymal hemorrhage. CT 
scan.



256 Chapter 22

 VIII Cranial Nerves (Figure 22-12)
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Figure 22-12 Cranial nerves. A: Diagram of the base of the brain (inferior view) showing the location of the cranial 
nerves.
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Cranial Nerve Clinical Aspects

I Olfactory Mediates the sense of smell (olfaction)

II Optic Mediates the sense of sight (vision)

III Oculomotor CN III lesion (e.g., transtentorial [uncal] herniation) results in droopy upper eyelid 
as a result of paralysis of levator palpebrae muscle; eye “looks down and out” as 
a result of paralysis of superior rectus muscle, medial rectus muscle, infe rior rectus 
muscle, and inferior oblique muscle and the unopposed action of the superior 
oblique muscle (CN IV) and lateral rectus muscle (CN VI); double vision (diplopia) 
when patient looks in direction of paretic muscle; fixed and dilated pupil as a result 
of paralysis of sphincter pupillae muscle; lack of accommodation (cycloplegia) as a 
result of paralysis of the ciliary muscle; CN III lesions are associ ated with diabetes; 
an aneurysm of the posterior cerebral artery or superior cerebellar artery may exert 
pressure on CN III as it passes between these vessels

IV Trochlear Innervates the superior oblique muscle
CN IV lesion results in extortion of the eye, vertical diplopia that increases when  

looking down (e.g., reading a book), head tilting to compensate for extorsion

V Trigeminal Provides sensory innervation to the face and motor innervation to the muscles of 
mastication

CN V lesion results in hemianesthesia of the face, loss of afferent limb of corneal reflex, 
loss of afferent limb of oculocardiac reflex, paralysis of muscle of mastica tion, devia-
tion of jaw to the injured side, hypoacusis as a result of paralysis of tensor tympani 
muscle, and tic douloureux (recurrent, stabbing pain)

VI Abducens Innervates the lateral rectus muscle
CN VI lesion results in convergent strabismus, inability to abduct the eye, horizontal 

diplopia when patient looks toward paretic muscle; an aneurysm of the labyrinthine 
artery or anterior inferior cerebellar artery may exert pressure on CN VI as it passes 
between these vessels

VII Facial Provides motor innervation to the muscles of facial expression, mediates taste,  
salivation, and lacrimation

CN VII lesion results in paralysis of muscle of facial expression (upper and lower face; 
called Bell palsy), loss of efferent limb of corneal reflex, hyperacusis as a result of 
paralysis of stapedius muscle, and crocodile tears syndrome (tearing during 
eating) as a result of aberrant regeneration after trauma

VIII Vestibulocochlear Mediates equilibrium and balance (vestibular) and hearing (cochlear)
CN VIII (vestibular) lesion results in disequilibrium, vertigo, and nystagmus
CN VIII (cochlear) lesion (e.g., acoustic neuroma) results in hearing loss and tinnitus

IX Glossopharyngeal Mediates taste, salivation, swallowing, and input from the carotid sinus and carotid 
body

CN IX lesion results in loss of afferent limb of gag reflex, loss of taste from posterior 
one third of tongue, loss of sensation from pharynx, tonsils, fauces, and back of 
tongue

X Vagus Mediates speech and swallowing; innervates viscera in thorax and abdomen
CN X lesion results in paralysis of pharynx and larynx, uvula deviates to opposite side 

of injured nerve, loss of efferent limb of gag reflex, and loss of efferent limb of 
oculocardiac reflex

XI Spinal Accessory Innervates the sternocleidomastoid and trapezius muscle 
CN XI lesion results in inability to turn head to opposite side of injured nerve, inability 

to shrug shoulder

XII Hypoglossal Innervates intrinsic and extrinsic muscles of the tongue
CN XII lesion results in tongue deviation to the same side of injured nerve

CN = cranial nerve.

Figure 22-12 (Continued ) B: Table of important clinical aspects of the cranial nerves.

B
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Case Study
A 75-year-old man is brought into the emergency room by paramedics after experiencing an acute left-sided 
weakness approximately 40 minutes before arrival. His wife informs you that her husband has a medical 
history of hypertension and atrial fibrillation. He is presently being treated with atenolol and warfarin. She 
also tells you that her husband underwent successful electrical conversion 2 days ago after his international 
normalized ratio (INR) was confirmed to be within therapeutic range. What is the most likely diagnosis?

Relevant Physical Examination Findings
 ● Blood pressure 170/80 mm Hg

 ● Heart rate 55 bpm

 ● Respiratory rate 12 breaths/min

 ● Heart rhythm is normal

 ● Significant expressive aphasia is present

 ● Eyes are deviated to the right

 ● Visual fields are absent on the left

 ● Pupils are round and reactive to light bilaterally

 ● There is flaccid muscle tone on the left upper and lower extremities

 ● Muscle strength is 0/5 on the left side

 ● Light touch sensation is decreased on the left side

Relevant Laboratory Findings
 ● Electrocardiogram (ECG) shows sinus bradycardia with no acute ST–T-wave changes

 ● Serum glucose = 110 mg/dL

 ● INR = 2.2 (1.0 normal clotting time)

 ● CT scan of the head showed a right-sided hyperdense MCA sign

 ● MRI showed a large area of acute ischemia involving the right MCA territory

Diagnosis
Classic Middle Cerebral Artery Territory Stroke

 ● MCA territory stroke demonstrates contralateral hemiparesis and hypoesthesia

 ● MCA territory stroke also demonstrates ipsilateral gaze preference and hemianopia

 ● Aphasia (speech disorder) typically occurs if the lesion is located on the dominant hemisphere (usually 
the left hemisphere)
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Case Study
An unidentified 32-year-old man is brought into the emergency room by paramedics after being found unre-
sponsive on the street by bystanders. The paramedics administered 2 mg naloxone on site without any effect 
and subsequently intubated orotracheally and transported the man to the emergency room. On arrival, the 
patient is agitated and pulls at the endotracheal tube. The patient is sedated with benzodiazepine to prevent 
injury and to allow further examination. What is the most likely diagnosis?

Relevant Physical Examination Findings
 ● Blood pressure 120/85 mm Hg

 ● Heart rate 95 bpm

 ● Respiratory rate 12 breaths/min with assistance of a ventilator

 ● A 4-inch bleeding scalp laceration is found in the occipital region

 ● Pupils are 2 mm and symmetric with sluggish reflexes

 ● Corneal reflex is intact

 ● Patient periodically moves all four extremities

Relevant Laboratory Findings
 ● Blood alcohol level = 420 mg/dL

 ● Normal complete blood count (CBC)

 ● Normal electrolyte panel

 ● Normal liver function panel

 ● Normal coagulation profile

 ● CT scan of the head showed a thin, crescent-shaped hyperdensity that hugged the contours of the brain, 
a 10-mm midline shift, and uncal herniation

Diagnosis
Subdural Hematoma

 ● A subdural hematoma usually occurs due to violent shaking of the head (e.g., child abuse or car accident) 
and is also very common among alcoholics and the elderly, who are prone to uncontrolled falls

 ● A subdural hematoma is an accumulation of venous blood located between the dura and arachnoid

 ● A subdural hematoma involves injury to the superior cerebral veins (“bridging veins”)
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C H A P T E R  2 3

Neck

 I Muscles of the Neck
A. Muscles of the Superficial Neck include the platysma, sternocleidomastoid, and trapezius.

B. Muscles of the Anterior Cervical Region include the mylohyoid, geniohyoid, stylohyoid, 
digastric, sternohyoid, omohyoid, sternothyroid, and thyrohyoid.

C. Muscles of the Prevertebral Area  include the longus colli, longus capitis, rectus capitis 
anterior, anterior scalene, rectus capitis lateralis, splenius capitis, levator scapulae, middle scalene, and 
posterior scalene.

D. Muscles of the Larynx  include the cricothyroid, thyroarytenoid, posterior cricoarytenoid, 
lateral cricoarytenoid, transverse and oblique arytenoids, and vocalis.

E. Muscles of the Pharynx include the superior constrictor, middle constrictor, inferior constrictor, 
palatopharyngeus, salpingopharyngeus, and stylopharyngeus.

 II Cervical Plexus (Figure 23-1)

The cervical plexus is formed by the ventral primary rami of C1 to C4 and has both sensory and motor 
branches.

A. Sensory Nerves
 1. Lesser Occipital Nerve ascends along the sternocleidomastoid muscle and innervates the skin of 

the scalp behind the auricle.

 2. Great Auricular Nerve ascends on the sternocleidomastoid muscle and innervates the skin 
behind the auricle and on the parotid gland.

 3. Transverse Cervical Nerve turns around the posterior border of the sternocleidomastoid muscle 
and innervates the skin of the anterior cervical triangle.

 4. Supraclavicular Nerve emerges as a common trunk from under the sternocleidomastoid muscle 
and divides into the anterior branch, middle branch, and lateral branch to innervate the skin over 
the clavicle and the shoulder.

B. Motor Nerves
 1. Ansa Cervicalis is a nerve loop formed by the descendens hypoglossi (C1) and the descendens 

cervicalis (C2 and C3). The ansa cervicalis innervates the infrahyoid muscles (except the thyrohyoid).

 2. Phrenic Nerve is formed by C3, C4, and C5 cervical nerves and innervates the diaphragm (motor 
and sensory).
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 III Cervical Triangles of the Neck (Figure 23-2)

A. General Features
 1. The sternocleidomastoid muscle divides the neck into the anterior triangle and posterior triangle. 

The anterior triangle is further subdivided into the carotid triangle, submandibular triangle,
submental triangle, and muscular triangle. The posterior triangle is further subdivided into the 
occipital triangle and subclavian triangle.

Posterior (occipital) ▲ contents
• Subclavian artery
• External jugular vein
• Cervical plexus (nerve block)
• Brachial plexus trunks
   (nerve block)
• Phrenic nerve
• CN XI

Anterior (carotid) ▲ contents
• Common carotid artery
• Internal jugular vein
• CN X
• Ansa cervicalis
• Sympathetic trunk
   (stellate ganglion nerve block)
• CN XII

Sternocleidomastoid

Trapezius

Figure 23-2 Cervical triangles of the neck. A diagram of the lateral aspect of the neck shows the cervical triangles 
and their contents. Note that the common carotid artery, internal jugular vein, and cranial nerve X all lie within the carotid 
sheath.
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Figure 23-1 Cervical plexus.
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 2. The carotid triangle and occipital triangle contain important anatomic structures as indicated in 
Figure 23-2.

B. Clinical Considerations
 1. Anterior (Carotid) Triangle

a. The platysma muscle lies in the superficial fascia above the anterior triangle and is innervated 
by the facial nerve. Accidental damage during surgery of the facial nerve in this area can result 
in distortion of the shape of the mouth.

b. The carotid pulse is easily palpated at the anterior border of the sternocleidomastoid muscle at 
the level of the superior border of the thyroid cartilage (C5).

c. The bifurcation of the common carotid artery into the internal carotid artery and external 
carotid artery occurs in the anterior triangle of the neck at the level of C4. At the bifurcation, the 
carotid body and carotid sinus can be found. The carotid body is an oxygen chemoreceptor. 
Its sensory information is carried to the central nervous system by cranial nerve (CN) IX and 
CN X. The carotid sinus is a pressure receptor. Its sensory information is carried to the central 
nervous system by CN IX and CN X.

d. Internal jugular vein catheterization. The most commonly used approach is on the right 
side, above the level of the thyroid cartilage (C5) (high approach) and medial to the sterno-
cleidomastoid muscle within the anterior (carotid) triangle (see Figure 5-4).

e. Carotid endarterectomy (Figure 23-3). Carotid 
endarterectomy is a surgical procedure to remove 
blockages of the internal carotid artery and is per-
formed in the anterior (carotid) triangle. This pro-
cedure can reduce the risk of stroke in patients who 
have emboli or plaques that cause transient mon-
ocular blindness (amaurosis fugax). Transient 
monocular blindness is the classic ocular symptom 
of a transient ischemic attack (TIA) that should 
not be ignored since it involves emboli to the  
central artery of the retina, a terminal branch 
of the internal carotid artery (internal carotid 
artery → ophthalmic artery → central artery of 
retina). Hollenhorst cholesterol plaques are 
observed during a retinal examination. Contralat-
eral hemiplegia and contralateral hemianesthesia 
may also occur due to insufficient blood flow to the 
middle cerebral artery (MCA). The diagram of the 
surgical exposure used in a carotid endarterectomy 
within the anterior (carotid) triangle of the neck is 
shown. Note the anatomic structures in this area 
that may be put in jeopardy during this procedure.

Superior thyroid vein

Ansa cervicalis

Facial
vein

CN XII CN X

Internal carotid
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External carotid
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Superior
thyroid
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Common
carotid
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Internal
jugular

vein

Figure 23-3 Carotid endarterectomy.
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f. Stellate ganglion nerve block (Figure 23-4). 
The stellate ganglion is the lowest of the three gan-
glia of the cervical sympathetic trunk. The term “stel-
late ganglion nerve block” is not strictly correct since 
injection of anesthetic is made above the stellate gan-
glion and enough anesthetic is injected to spread up 
and down. The needle is inserted between the tra-
chea medially and the sternocleidomastoid muscle 
and the common carotid artery laterally using the 
cricoid cartilage (C6) and the transverse pro-
cess of C6 vertebra as landmarks. A successful 
block results in vasodilation of the blood vessels 
of the head, neck, and upper limb and Horner syn-
drome, in which miosis (constriction of the pupil 
due to paralysis of the dilator pupillae muscle), 
ptosis (drooping of the eyelid due to paralysis of 
superior tarsal muscle), and hemianhidrosis (loss 
of sweating on one side) occur. A stellate ganglion 
nerve block is used in Raynaud phenomenon and to 
relieve vasoconstriction after frostbite or microsur-
gery of the hand. The photograph shows a stellate 
ganglion nerve block procedure.

 2. Posterior (Occipital) Triangle
a. Injury to CN XI within the posterior (occipital) triangle due to surgery or a penetrating wound 

will cause paralysis of the trapezius muscle so that abduction of the arm past the horizon-
tal position is compromised.

b. Injuries to the trunks of the brachial plexus, which lie in the posterior (occipital) triangle, 
will result in Erb–Duchenne or Klumpke syndromes (see Chapter 20).

c. Severe upper limb hemorrhage may be stopped by compressing the subclavian artery against 
the first rib by applying downward and posterior pressure. The brachial plexus and subclavian 
artery enter the posterior (occipital) triangle in an area bounded anteriorly by the anterior 
scalene muscle, posteriorly by the middle scalene muscle, and inferiorly by the first rib.

d. Enlarged supraclavicular lymph nodes due to upper gastrointestinal (GI) or lung cancer may 
be palpated in the posterior (occipital) triangle.

e. Cervical plexus nerve block (Figure 23-5). The 
needle is inserted at vertebral level C3 along a 
landmark line connecting the mastoid process to 
the transverse process of C6 and enough anes-
thetic is injected to spread up and down. A cervi-
cal plexus nerve block is used in superficial surgery 
on the neck or thyroid gland and for pain man-
agement. The photograph shows a cervical plexus 
nerve block procedure.

Figure 23-4 Stellate ganglion nerve 
block.

Figure 23-5 Cervical plexus nerve block.
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f. Brachial plexus nerve block (Figure 23-6). The 
needle is inserted at vertebral level C6 into the 
interscalene groove (between the anterior and 
middle scalene muscles) using the cricoid carti-
lage (C6) and sternocleidomastoid muscle as land-
marks. The photograph shows a brachial plexus 
nerve block procedure.

 IV Larynx (Figure 23-7)

A. General Features
 1. The larynx consists of five major cartilages, which include the cricoid (1), thyroid (1), epiglottis (1), 

and arytenoid (2) cartilages.

 2. The ventricle of the larynx is bounded superiorly by the vestibular folds (false vocal cords) and 
inferiorly by the vocal folds (true vocal cords).

 3. All intrinsic muscles of the larynx are innervated by the inferior laryngeal nerve of CN X
(a continuation of the recurrent laryngeal nerve), except the cricothyroid muscle, which is 
innervated by the external branch of the superior laryngeal nerve of CN X.

 4. The intrinsic muscles of the larynx include the following.
a. Posterior cricoarytenoid muscle: Abducts the vocal folds and opens airway during respira-

tion. This is the only muscle that abducts the vocal folds.
b. Lateral cricoarytenoid muscle: Adducts the vocal folds
c. Arytenoideus muscle: Adducts the vocal folds
d. Thyroarytenoid muscle: Relaxes the vocal folds
e. Vocalis muscle: Alters the vocal folds for speaking and singing
f. Transverse and oblique arytenoid muscles: Close the laryngeal aditus (sphincter function)
g. Cricothyroid muscle: Stretches and tenses the vocal folds

B. Clinical Considerations
 1. Unilateral Damage to the Recurrent Laryngeal Nerve can result from dissection around 

the ligament of Berry or ligation of the inferior thyroid artery during thyroidectomy. It will result in 
a hoarse voice, inability to speak for long periods, and movement of the vocal fold on the affected 
side toward the midline.

 2. Bilateral Damage to the Recurrent Laryngeal Nerve can result from dissection around the 
ligament of Berry or ligation of the inferior thyroid artery during thyroidectomy. It will result in 
acute breathlessness (dyspnea) since both vocal folds move toward the midline and close off the air 
passage.

 3. Damage to the Superior Laryngeal Nerve can result when ligating the superior thyroid 
artery during thyroidectomy. This can be avoided by ligating the superior thyroid artery at its 
entrance into the thyroid gland. It will result in a weak voice with loss of projection, and the vocal 
cord on the affected side appears flaccid.

Figure 23-6 Brachial plexus nerve block.
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Figure 23-7 Larynx. A: A right lateral view of the laryngeal cartilages. B: A posterior view of the laryngeal cartilages. 
(continued )
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Figure 23-7 (Continued) C: The larynx may be examined visually by indirect laryngoscopy using a laryngeal mirror.
D: This photo depicts the anatomical structures observed during inspection of the vocal folds by indirect laryngoscopy 
using a laryngeal mirror.
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Figure 23-9 Tracheotomy.
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Figure 23-8 Cricothyroidotomy.

 4. Cricothyroidotomy (Figure 23-8). A cricothyroidot-
omy is a procedure in which a tube is inserted between 
the cricoid and thyroid cartilages for emergency airway 
management. The incision made for this procedure will 
pass through the following structures: Skin → superfi-
cial fascia and platysma muscle (avoiding the anterior 
jugular veins) → deep cervical fascia → pretracheal fas-
cia (avoiding the sternohyoid muscle) → cricothyroid 
ligament (avoiding the cricothyroid muscle). This pro-
cedure may be complicated by a pyramidal lobe of 
the thyroid gland in the midline (present in 75% of the 
population). The diagram shows a lateral view of the 
laryngeal cartilages indicating the location for a crico-
thyroidotomy (arrow) and the anatomic layers that must 
be penetrated.

 5. Tracheotomy (Figure 23-9). A tracheotomy is a pro-
cedure in which a tube is inserted between the second 
and third tracheal cartilage rings when long-term 
ventilation support is necessary since it reduces the inci-
dence of vocal cord paralysis or subglottic stenosis. The 
incision made for this procedure will pass through the 
following structures: Skin → superficial fascia and pla-
tysma muscle (avoiding the anterior jugular veins) → 
deep cervical fascia → pretracheal fascia → cartilage 
rings. The following structures are put in jeopardy of 
injury: Inferior thyroid veins, which form a plexus 
anterior to the trachea; the thyroid ima artery (present 
in 10% of people), which supplies the inferior border 
of the isthmus of the thyroid gland; and the thymus 
gland in infants. This procedure can be complicated by 
massive hemorrhage 1 to 2 weeks after placement of the 
tube due to erosion of the brachiocephalic (innomi-
nate) artery. The diagram shows a lateral view of the 
laryngeal cartilages indicating the location for a trache-
otomy (arrow) and the anatomic layers that must be 
penetrated.
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 V Thyroid Gland
A. General Features

 1. The arterial supply of the thyroid gland is from the external carotid artery via the superior thyroid 
artery and the subclavian artery/thyrocervical trunk via the inferior thyroid artery, and some-
times the arch of the aorta via the thyroid ima artery (present in about 10% of the population).

 2. The venous drainage is to the superior thyroid veins, middle thyroid veins, and inferior thy-
roid veins, all of which empty into the internal jugular vein.

 3. The right recurrent laryngeal nerve (which recurs around the subclavian artery) and left recur-
rent laryngeal nerve (which recurs around the arch of the aorta at the ligamentum arteriosum) 
run in the tracheoesophageal groove along the posterior surface of the thyroid gland.

 4. The Ligament of Berry is the superior suspensory ligament of the thyroid gland located adjacent 
to the cricoid cartilage on the posterior surface of the thyroid gland.

B. Clinical Considerations
 1. Complications of a Thyroidectomy include thyroid storm (hyperpyrexia and tachyarrhyth-

mias), hypoparathyroidism (develops within 24 hours due to low serum calcium), and recurrent 
laryngeal nerve or superior laryngeal nerve damage.

 2. Aberrant Thyroid Tissue may occur anywhere along the path of its embryologic descent, that 
is, from the base of the tongue (foramen cecum), where it is called a lingual cyst, to the superior 
mediastinum.

 3. Thyroglossal Duct Cyst is a cystic remnant of the descent of the thyroid during embryologic 
development.

 VI Parathyroid Gland
A. General Features

 1. The parathyroid glands are yellowish-brown masses (2 × 3 × 5 mm in size; 40 g in weight).

 2. Most people have four parathyroid glands, but five, six, or seven glands are possible. These glands 
are rarely embedded within the thyroid gland.

 3. The superior parathyroid glands are consistently located on the posterior surface of the upper 
thyroid lobes near the inferior thyroid artery.

 4. The inferior parathyroid glands are usually located on the lateral surface of the lower thyroid 
lobes (are more variable in location than the superior parathyroid glands).

 5. The arterial supply of the superior and inferior parathyroid glands is from the inferior thyroid artery.

B. Clinical Considerations
 1. Primary Hyperparathyroidism results from autonomous secretion of parathyroid hormone 

(PTH) due to glandular hyperplasia, adenoma, or rarely carcinoma. The clinical sign is persistent 
hypercalcemia. The surgical removal of the hyperfunctioning glands results in a 90% cure rate.

 2. Injury to the Parathyroid Glands most commonly results during a thyroidectomy due to dis-
ruption of the blood supply from the inferior thyroid artery.

 VII Parotid Gland
A. General Features

 1. The parotid gland secretes a serous saliva that enters the mouth via the parotid duct of Stensen.

 2. The facial nerve (CN VII) enters the substance of the parotid gland after emerging from the stylo-
mastoid foramen and branches into the temporal, zygomatic, buccal, mandibular, and cervical 
branches, which innervate the muscles of facial expression. (Note: CN VII has no function in the 
parotid gland.)
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 3. The arterial supply is from branches of the external carotid artery.

 4. The venous drainage is to the retromandibular vein → external jugular vein.

 5. The parotid gland is innervated by preganglionic parasympathetic axons with cell bodies in the infe-
rior salivatory nucleus of the glossopharyngeal nerve (CN IX). These axons travel within the 
tympanic nerve and the lesser petrosal nerve to synapse on cell bodies within the otic ganglion. 
Postganglionic parasympathetic axons leave the otic ganglion and are distributed with the auricu-
lotemporal nerve of trigeminal nerve (CN V) to the parotid gland to stimulate saliva secretion.

 6. The parotid gland is also innervated by postganglionic sympathetic axons from the superior cervi-
cal ganglion that reach the parotid gland with the arteries to stimulate saliva secretion.

B. Clinical Considerations
 1. Surgery on the Parotid Gland may damage the auriculotemporal nerve of CN V and cause 

loss of sensation in the auriculotemporal area of the head. Since the auriculotemporal nerve also 
carries postganglionic sympathetic nerve fibers to the sweat glands of the head and postganglionic 
parasympathetic nerve fibers to the parotid gland for salivation, if this nerve is severed, aberrant 
regeneration may result in a person sweating during eating (Frey syndrome).

 2. Surgery on the Parotid Gland or Bell Palsy. Both of these conditions cause a lower motor 
neuron lesion of the facial nerve (CN VIII). This results in an ipsilateral paralysis of muscles of 
facial expression of the upper and lower face, loss of corneal reflex (efferent limb), loss of taste 
from the anterior two-thirds of the tongue, and hyperacusis (increased acuity to sound). Clinical 
signs include inability to blink the eye or raise the eyebrow (upper face deficit involving orbicularis 
oculi and frontalis muscles, respectively) and inability to seal the lips or smile properly (lower face 
deficit involving orbicularis oris muscle) on the affected side.

 3. Stroke. A stroke within the internal capsule affecting the corticobulbar tract causes an upper 
motor neuron lesion of the facial nerve (CN VII). This results in a contralateral paralysis of 
the lower face  but spares the upper face. Clinical signs include inability to seal the lips or smile 
properly (lower face deficit involving orbicularis oris muscle) on the contralateral side.

 4. Facial Laceration. A facial laceration near the anterior border of the masseter muscle will cut the 
parotid duct of Stensen and the buccal branch of CN VII.

 VIII Cross Section of the Neck at the Level 
of C7 Vertebra (Figure 23-10)
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Figure 23-10 Cross section of the neck at the level of C7 vertebra.
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C H A P T E R  2 4

Eye

 I Bony Orbit
A. General Features

 1. The bony orbit is a pyramid-shaped cavity surrounded by a shell of bone to protect the eyeball.

 2. The roof of the orbit is formed by the frontal bone and the lesser wing of the sphenoid bone.

 3. The medial wall is formed by the ethmoid bone and lacrimal bone.

 4. The lateral wall is formed by the zygomatic bone and the greater wing of the sphenoid bone.

 5. The floor of the orbit is formed by the maxilla bone and the palatine bone.

B. Fissures, Foramina, and Canals
 1. Superior Orbital Fissure

a. The superior orbital fissure is formed by a gap between the greater and lesser wings of the sphe-
noid bone and communicates with the middle cranial fossa.

b. This fissure transmits the following: Oculomotor nerve (cranial nerve [CN] III), trochlear
nerve (CN IV), ophthalmic nerves (branches of the ophthalmic division of the trigeminal 
nerve [CN V1]), abducens nerve (CN VI), and ophthalmic vein.

 2. Inferior Orbital Fissure
a. The inferior orbital fissure is formed by a gap between the greater wing of the sphenoid bone 

and maxillary bone and communicates with the infratemporal fossa and pterygopalatine fossa.
b. This fissure transmits the following: Infraorbital nerve (a branch of the maxillary division of 

CN V2), infraorbital artery, and inferior ophthalmic vein.

 3. Infraorbital Foramen and Groove
This foramen and groove transmit the following: Infraorbital nerve, infraorbital artery, and 
inferior ophthalmic vein.

 4. Supraorbital Foramen (or Notch)
This foramen transmits the following: Supraorbital nerve, supraorbital artery, and superior 
ophthalmic vein.

 5. Anterior Ethmoidal Foramen
This foramen transmits the following: Anterior ethmoidal nerve and anterior ethmoidal 
artery.

 6. Posterior Ethmoidal Foramen
This foramen transmits the following: Posterior ethmoidal nerve and posterior ethmoidal 
artery.
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 7. Optic Canal
a. This canal is formed by an opening through the lesser wing of the sphenoid bone and commu-

nicates with the middle cranial fossa.
b. This canal transmits the following: Optic nerve (CN II) and ophthalmic artery (a branch of 

the internal carotid artery).

 8. Nasolacrimal Canal
a. This canal is formed by the maxilla bone, lacrimal bone, and inferior nasal concha.
b. This canal transmits the following: Nasolacrimal duct from the lacrimal sac to the inferior 

nasal meatus.

 II Eyelids and Lacrimal Apparatus (Figure 24-1)

A. Eyelids
 1. The exterior surface of the eyelid is typical thin skin.

 2. The interior surface of the eyelid is a mucous membrane called the palpebral conjunctiva.

 3. The palpebral conjunctiva is reflected onto the eyeball, where it is then called the bulbar conjunc-
tiva. The bulbar conjunctiva is continuous with the corneal epithelium.

 4. The palpebral and bulbar conjunctiva enclose a space called the conjunctival sac.

 5. Within the upper and lower eyelids, there is a dense plate of collagen called the superior tarsal 
plate and inferior tarsal plate, respectively. The superior and inferior tarsal plates merge on 
either side of the eye to form the medial and lateral palpebral ligaments.

 6. The tarsal plates contain tarsal glands, which are specialized sebaceous glands opening via a duct 
onto the edge of the eyelid.

 7. The medial and lateral palpebral commissures are formed where the upper and lower eyelids 
come together, thus defining the angles of the eye. There are three important muscles associated 
with the eyelid, which include the following.
a. Levator palpebrae superioris muscle. This skeletal muscle is located in the upper eye-

lid and attaches to the skin of the upper eyelid and anterior surface of the superior tarsal 
plate. This muscle is innervated by CN III and its function is to keep the eye open (main 
player).

b. Superior tarsal muscle. This smooth muscle is located in the upper eyelid and attaches to 
the superior tarsal plate. This muscle is innervated by postganglionic sympathetic neurons
that follow the carotid arterial system into the head and neck and its function is to keep the 
eye open (minor player).

c. Orbicularis oculi muscle (palpebral portion). This skeletal muscle is located in the upper 
and lower eyelids and lies superficial to the tarsal plates. This muscle is innervated by CN VII
and its function is to close the eye.

B. Lacrimal Apparatus
 1. Lacrimal Glands are located in the superior lateral aspect of each orbit and secrete a lacrimal 

fluid (or tears).
 2. Lacrimal fluid, mucus secretion from the palpebral and bulbar conjunctiva, and sebaceous secre-

tions from the tarsal glands all contribute to form the tear film on the surface of the eye.

 3. Lacrimation is stimulated by the parasympathetic nervous system.
a. The preganglionic parasympathetic neuronal cell bodies are located in superior salivatory 

nucleus and lacrimal nucleus.
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Figure 24-1 Eyelids and lacrimal apparatus. A: Skeleton of the eyelid. B: Upper eyelid. C: Lacrimal apparatus.
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b. Preganglionic axons from the superior salivatory nucleus and the lacrimal nucleus run with 
CN VII (by way of the nervus intermedius, greater petrosal nerve, and the nerve of the 
pterygoid canal) and enter the pterygopalatine ganglion, where they synapse with post-
ganglionic parasympathetic neurons.

c. Postganglionic axons leave the pterygopalatine ganglion and run with the zygomaticofacial 
branch of CN V2 and the lacrimal branch of CN V1 to innervate the lacrimal gland.

 III The Globe or Eyeball. The globe of the eye consists of three concentric tunics that 
make up the wall of the eye, as indicated below.

A. Corneoscleral Tunic. This is the outermost fibrous tunic and consists of the cornea, sclera, and 
corneoscleral junction (limbus).
 1. Cornea. The cornea is an avascular structure, but is highly innervated by the branches of CN V1

(ophthalmic division of trigeminal nerve).
 2. Sclera. The sclera is a white, opaque structure that provides attachments for the extraocular eye 

muscles.

 3. Corneoscleral Junction (Limbus)
a. The limbus is the junction of the transparent cornea and the opaque sclera.
b. The limbus contains a trabecular network and the canal of Schlemm, which are involved in 

the flow of aqueous humor.
c. The flow of aqueous humor follows this route: Posterior chamber → anterior chamber → 

trabecular network → canal of Schlemm → aqueous veins → episcleral veins.
d. An obstruction of aqueous humor flow will increase intraocular pressure, causing a condition 

called glaucoma.

B. Uveal Tunic. This is the middle vascular tunic and consists of the choroid, stroma of the ciliary 
body, and stroma of the iris.

 1. Choroid. The choroid is a pigmented vascular bed that lies immediately deep to the corneoscleral 
tunic. The profound vascularity of the choroid is responsible for the “red eye” that occurs with flash 
photography.

 2. Stroma of the Ciliary Body
a. The stroma of the ciliary body contains the ciliary muscle, which is circularly arranged around 

the entire circumference of the ciliary body and is innervated by the parasympathetic nervous 
system.
 i. The preganglionic parasympathetic neuronal cell bodies are located in the Edinger-

Westphal nucleus of CN III.
 ii. Preganglionic axons from the Edinger-Westphal nucleus travel with CN III and enter the 

ciliary ganglion, where they synapse with postganglionic parasympathetic neurons.
 iii. Postganglionic axons leave the ciliary ganglion, where they travel with the short ciliary 

nerves to innervate the ciliary muscle.
b. Accommodation is the process by which the lens becomes rounder to focus a nearby object or 

flatter to focus a distant object.
 i. For close vision (e.g., reading), the ciliary muscle contracts, which reduces tension on 

the zonular fibers attached to the lens and thereby allows the lens to take a rounded 
shape.

 ii. For distant vision, the ciliary muscle relaxes, which increases tension on the zonular fibers 
attached to the lens and thereby allows the lens to take a flattened shape.
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 3. Stroma of the Iris (Figure 24-2). The stroma contains the dilator pupillae muscle and sphincter 
pupillae muscle.
a. Dilator pupillae muscle

 i. The dilator pupillae muscle is radially arranged around the entire circumference of the iris 
and is innervated by the sympathetic nervous system.
(a) The preganglionic sympathetic neuronal cell bodies are located in the gray matter of the 

T1-L2/L3 spinal cord.
(b) Preganglionic axons project from this area, enter the paravertebral chain ganglia, and 

ascend to the superior cervical ganglion, where they synapse with postganglionic 
sympathetic neurons.

(c) Postganglionic axons leave the superior cervical ganglion and follow the carotid arterial 
system into the head and neck, where they travel with the long ciliary nerves to in-
nervate the dilator pupillae muscle, which dilates the pupil.

 ii. Any pathology that compromises this sympathetic pathway will result in Horner syndrome.
b. Sphincter pupillae muscle

 i. The sphincter pupillae muscle is circularly arranged around the entire circumference of the 
iris and is innervated by the parasympathetic nervous system.
(a) The preganglionic parasympathetic neuronal cell bodies are located in the Edinger-

Westphal nucleus of CN III.
(b) Preganglionic axons from the Edinger-Westphal nucleus enter the ciliary ganglion, 

where they synapse with postganglionic parasympathetic neurons.
(c) Postganglionic axons leave the ciliary ganglion, where they travel with the short ciliary 

nerves to innervate the sphincter pupillae muscle, which constricts the pupil (or 
miosis).

 ii. Lesions involving CN III will result in a fixed and dilated pupil.
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Sphincter pupillae

Figure 24-2 Structure of the iris.
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C. Retinal Tunic. This is the innermost tunic and consists of the outer pigment epithelium and the 
inner neural retina (posteriorly), the epithelium of the ciliary body (anteriorly), and the epithe-
lium of the iris (anteriorly).
 1. Outer Pigment Epithelium and Inner Neural Retina

a. The outer pigment epithelium and the inner neural retina together constitute the retina.
b. The intraretinal space separates the outer pigment epithelium from the inner neural retina. 

Although the intraretinal space is obliterated in the adult, it remains a weakened area prone to 
retinal detachment.

c. The posterior two-thirds of the retina is a light-sensitive area (pars optica) and the anterior 
one-third is a light-insensitive area (pars ciliaris and iridis). These two areas are separated by 
the ora serrata.

d. The retina has a number of specialized areas, which include the following.
 i. Optic disc

(a) The optic disc is the site where axons of the ganglion cells converge to form the optic 
nerve (CN II) by penetrating the sclera, forming the lamina cribrosa.

(b) The optic disc lacks rods and cones and is therefore a blind spot.
(c) The central artery and vein of the retina pass through the optic disc.

 ii. Fovea
(a) The fovea is a shallow depression of the retina located 3 mm lateral (temporal side) to 

the optic disc along the visual axis.
(b) The fovea centralis is located at the center of the fovea and is the area of highest visual 

acuity and color vision.
(c) The fovea centralis contains only cones (no rods or capillaries) that are arranged at 

an angle so that light directly impinges on the cones without passing through other 
layers of the retina and is linked to a single ganglion, both of which contribute to visual 
acuity.

(d) The macula lutea is a yellowish area (due to xanthophyll pigment accumulation in 
ganglion cells) surrounding the fovea centralis.

 2. Epithelium of the Ciliary Body. The ciliary epithelium secretes aqueous humor and produces 
the zonular fibers that attach to the lens.

 3. Epithelium of the Iris

D. Contents of the Globe. The globe is divided into two cavities by the lens: The anterior cavity
and posterior cavity.

 1. The anterior cavity consists of the anterior chamber (the area between the cornea and iris) and 
the posterior chamber (the area between the iris and lens). These chambers are filled with the 
watery aqueous humor that is secreted by the epithelium of the ciliary body.

 2. The posterior cavity consists of the vitreous chamber (the area between the lens and retina). 
The vitreous chamber is filled with the vitreous body (a jelly-like substance) and vitreous humor
(a watery fluid), which hold the retina in place and support the lens.

 IV Extraocular Musculature (Figure 24-3)

A. There are seven extraocular muscles of the orbit: Levator palpebrae superioris muscle, superior 
rectus muscle, inferior rectus muscle, lateral rectus muscle, medial rectus muscle, superior 
oblique muscle, and inferior oblique muscle.

B. The four rectus muscles arise from the common tendinous ring at the apex of the orbit and extend 
anteriorly to insert in the sclera of the globe.

C. Although individual rectus muscles exert unique forces on the globe, they rarely act independently.
D. The innervation to the extraocular muscles can be remembered by the chemical formula LR6SO4AO3

(lateral rectus, CN VI; superior oblique, CN IV; all others, CN III).
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Figure 24-3 Nerves and muscles involved in eye movements. A: Nerves of the orbit after excision of the eyeball. 
B: Extraocular muscles (lateral view of the right orbit). C: Bilateral demonstration of extraocular muscle action starting from 
the primary position. Large arrows indicate the direction of eye movements caused by the various extraocular muscles. 
Small arrows indicate either intorsion or extorsion. IO, inferior oblique; IR, inferior rectus; LR, lateral rectus; MR, medial 
rectus; SO, superior oblique; SR, superior rectus. D: Clinical testing of extraocular muscle action. Following the movement 
of the examiner’s finger, the pupil is moved in an extended H-pattern to isolate and test each extraocular muscle action 
and the integrity of their innervation. 
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Figure 24-3 (Continued ) E: Summary table of the anatomical function and clinical testing of extraocular muscles and 
other eye muscles and the integrity of their innervation.

Muscle Nerve Anatomical Function and Clinical Testa

Extraocular Muscles

Levator palpebrae CN III Elevates upper eyelid (keeps eye open)

Superior rectus CN III Elevates, adducts, and intortsb

Patient is asked first to look to the side, and 
then to look up

Medial rectus CN III Adducts
Patient is asked to look to the nose (medially)

Inferior rectus CN III Depresses, adducts, and extortsc

Patient is asked first to look to the side, and 
then to look down

Inferior oblique CN III Elevates, abducts, and extorts
Patient is asked first to look to the nose, and 

then to look up

Superior oblique CN IV Depresses, abducts, and intorts
Patient is asked first to look to the nose, and 

then to look down

Lateral rectus CN VI Abducts
Patient is asked to look to the side (laterally)

Other Eye Muscles

Orbicularis oculi CN VII Closes the eye; efferent limb of corneal reflex

Dilator pupillae Postganglionic sympathetic Dilates the pupil

Superior tarsal Postganglionic sympathetic Keeps eye open

Sphincter pupillae Postganglionic parasympathetic Constricts the pupil

Ciliary muscle Postganglionic parasympathetic Performs accommodation

aSince the actions of the superior rectus, inferior rectus, superior oblique, and inferior oblique are complicated, the physician tests 
eye movements with the eye placed in a position where a single action of the muscle predominates.
bIntorsion is the medial rotation of the superior pole of the eyeball.
cExtorsion is the lateral rotation of the superior pole of the eyeball.

E

 V Arterial Supply of the Orbit. The ophthalmic artery is a branch of the 
internal carotid artery and is the primary arterial supply to the orbit. The ophthalmic artery enters 
the orbit via the optic canal and gives off various branches, which include the central artery of the 
retina, supraorbital artery, supratrochlear artery, lacrimal artery, dorsal nasal artery, short posterior 
ciliary arteries, long posterior ciliary arteries, anterior ethmoidal artery, posterior ethmoidal artery, 
anterior ciliary artery, and infraorbital artery.

 VI Venous Drainage of the Orbit
A. Superior Ophthalmic Vein. The superior ophthalmic vein is formed by the union of the 

supraorbital vein, supratrochlear vein, and angular vein. The superior ophthalmic vein ultimately drains 
into the cavernous sinus. Superior ophthalmic vein → cavernous sinus.
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B. Inferior Ophthalmic Vein. The inferior ophthalmic vein is formed by the union of small veins 
in the floor of the orbit. The inferior ophthalmic vein communicates with the pterygoid venous plexus 
and empties into the superior ophthalmic vein. Inferior ophthalmic vein → superior ophthalmic 
vein → cavernous sinus.

C. Central Vein of the Retina. The central vein of the retina most often drains into the cavern-
ous sinus directly, but may join the superior or inferior ophthalmic vein. Central vein of the retina → 
cavernous sinus.

D. Vorticose Veins. The vorticose veins from the choroid layer of the globe drain into the inferior 
ophthalmic vein. Vorticose veins → inferior ophthalmic vein → superior ophthalmic vein → 
cavernous sinus.

 VII Clinical Considerations
A. Orbital Fractures. A direct impact to the face (e.g., being punched in the eye) is transmitted to the 

walls of the bony orbit. A portion of the ethmoid bone known as the lamina papyracea (as the name 
implies, a “paper thin” bone) is the weakest segment of the medial wall and is thus prone to fracture. This 
fracture results in direct communication between the orbit and the nasal cavity by way of the ethmoid 
sinuses. The infraorbital canal (which contains the infraorbital branch of the maxillary nerve) is the 
weakest portion of the orbital floor and is also prone to fracture. This fracture results in direct commu-
nication between the orbit and nasal cavity by way of the maxillary sinus.

B. Sty. A sty is a painful, erythematous, suppurative swelling of the eyelid that results from an obstructed 
and infected ciliary gland found at the margin of the eyelid. When a sebaceous gland of the eyelid 
becomes obstructed and forms a cyst, this is known as a chalazion. Obstruction of the tarsal glands 
produces inflammation known as a tarsal chalazion.

C. Dry Eye  is caused by a disruption in the production of tears or damage to the eyelid. This may lead 
to ulceration, perforation, loss of aqueous humor, and blindness.

D. Red Eye  is caused most commonly by conjunctivitis (i.e., inflammation of the conjunctiva). A purulent 
discharge indicates bacterial infection. A watery discharge indicates a viral infection.

E. Bogorad Syndrome (Crocodile Tears). This syndrome is the spontaneous lacrimation 
during eating caused by a lesion of CN VII proximal to the geniculate ganglion. This syndrome occurs 
after facial paralysis and is due to the misdirection of regenerating preganglionic parasympathetic axons 
(that formerly innervated the salivary glands) to the lacrimal glands.

F. Glaucoma is the obstruction of aqueous humor flow that results in an increased intraocular pres-
sure. This increased pressure causes impaired retinal blood flow producing retinal ischemia; degenera-
tion of retinal cells, particularly at the optic disc; defects in the visual field; and blindness. There are two 
types of glaucoma.

 1. Open-angle Glaucoma (most common) occurs when the trabecular network is open but the 
canal of Schlemm is obstructed.

 2. Closed-angle Glaucoma occurs when the trabecular network is closed usually due to an inflam-
matory process of the uvea (uveitis) (e.g., infection by cytomegalovirus).
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G. Obstruction of the Central Artery of the Retina  is generally caused by an embolus 
and leads to retinal ischemia with instantaneous complete blindness. The blindness is often described as 
a dark curtain coming down over the eye and when the attack is brief it is called amaurosis fugax. These 
events are most often monocular and may last only a few seconds or can result in permanent blindness.

H. Cavernous Sinus Thrombosis.  The anastomoses between the angular vein of the face and 
the inferior ophthalmic vein can result in spread of infectious agents from periorbital and perinasal areas 
to the cavernous sinus, resulting in thrombosis. This thrombosis prevents retinal drainage, eventually 
leading to retinal ischemia and blindness.

I. Papilledema (Choked Disc)  is a noninflammatory edema of the optic disc (papilla) due to 
increased intracranial pressure usually caused by brain tumors, subdural hematoma, or hydrocephalus. 
It usually does not alter visual acuity, but may cause bilateral enlarged blind spots.

J. Retinal Detachment  may result from head trauma or may be congenital. The site of detachment 
is between the outer pigment epithelium and the inner neural retina (i.e., outer segment layer of the rods 
and cones of the neural retina).

K. Strabismus (Crossed Eye)  is caused by damage to CN III, which results in weakness or paraly-
sis of the extraocular eye muscles. Strabismus is a visual disorder in which the visual axes do not meet 
the desired objective point (or the eyes are misaligned and point in different directions) due to the unco-
ordinated action of the extraocular eye muscles. The affected eye may turn inward, outward, upward, or 
downward, leading to decreased vision and misaligned eyes.

L. Diplopia (Double Vision)  is caused by paralysis of one or more extraocular muscles resulting 
from injury of the nerves supplying them.

M. Horner Syndrome  is caused by injury to the cervical sympathetic nerves and results in mio-
sis (constriction of pupil due to paralysis of dilator pupillae muscle), ptosis (drooping of eyelid due 
to paralysis of superior tarsal muscle), hemianhidrosis (loss of sweating on one side), enophthalmos 
(retraction of the eyeball into the orbit due to paralysis of the orbitalis muscle), and flushing (vasodila-
tion and increased blood flow to the head and neck). Horner syndrome may be caused by brainstem 
stroke, tuberculosis, Pancoast tumor, trauma, and injury to the carotid arteries.

N. Common Ophthalmoscopic Pathologies (Figure 24-4)
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Figure 24-4 Common ophthalmoscopic pathologies. A: Normal fundus. B: Detached retina (arrows). C: Hyper-
tensive retinopathy. The optic nerve head is edematous and the retina contains numerous exudates and “cotton-wool” 
spots. D: Diabetic retinopathy. The retina contains several yellowish “hard” exudates, which are rich in lipids, and several 
relatively small retinal hemorrhages. E: Chronic papilledema. The optic nerve head is congested and protrudes anteriorly 
toward the interior of the eye. The optic disc has blurred margins and the blood vessels within it are poorly seen.
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C H A P T E R  2 5

Ear

 I General Features. The ear is the organ of hearing and balance. The ear consists of 
the external ear, middle ear, and inner ear.

 II External Ear (Figure 25-1) consists of the following.

A. Auricle
 1. The auricle (known as “the ear” by laypeople) is supported by elastic cartilage and covered by skin.

 2. The auricle develops from six auricular hillocks that surround pharyngeal groove 1.

 3. The auricle is innervated by cranial nerve (CN) V3, CN VII, CN IX, and CN X, and cervical 
nerves C2 and C3.

B. External Auditory Meatus
 1. The external auditory meatus is an air-filled tubular space.

 2. The external auditory meatus develops from the pharyngeal groove 1, which becomes filled with 
ectodermal cells, forming a temporary meatal plug that disappears before birth.

 3. The external auditory meatus is innervated by CN V3 and CN IX.

C. Tympanic Membrane (Eardrum)
 1. The tympanic membrane separates the middle ear from the external auditory meatus of the exter-

nal ear.

 2. The tympanic membrane develops from pharyngeal membrane 1.

 3. The pars flaccida is a small triangular portion between the anterior and posterior malleolar folds; 
the remainder of the tympanic membrane is called the pars tensa.

 4. The cone of light is a triangular reflection of light seen in the anterior–inferior quadrant.

 5. The umbo is the most depressed center point of the tympanic membrane concavity.

 6. The external (lateral) concave surface is innervated (sensory) by the auriculotemporal branch of 
CN V3 and the auricular branch of CN X.

 7. The internal (medial) surface is innervated by the tympanic branch of CN IX.
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Figure 25-1 Anatomy of the external ear. A: Coronal section of the right ear. B: External ear. C: An otoscopic view 
of the right tympanic membrane. The cone of light is a reflection of the light from the otoscope.
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 III Middle Ear. The middle ear is an air-filled chamber lined by a mucosa that is innervated 
(sensory) by the tympanic nerve of CN IX, which forms the tympanic plexus with caroticotympanic 
nerves from the arterial carotid sympathetic plexus. The middle ear consists of the following.

A. Tympanic (Middle Ear) Cavity
 1. The tympanic cavity proper is a space internal to the tympanic membrane.

 2. The epitympanic recess is a space superior to the tympanic membrane that contains the head of 
the malleus and body of the incus.

 3. The tympanic cavity communicates with the nasopharynx via the auditory (Eustachian) tube and 
the mastoid air cells and mastoid antrum.

B. Ossicles. The ossicles function as amplifiers to overcome the impedance mismatch at the air–fluid 
interface between the tympanic cavity (air) and the inner ear (fluid).

 1. Malleus (Hammer)
a. The malleus develops from cartilage of pharyngeal arch 1 (Meckel cartilage).
b. The malleus consists of a head, neck, and handle along with anterior and lateral processes.
c. The head of the malleus articulates with the body of the incus in the epitympanic recess.
d. The handle of the malleus is fused to the internal (medial) surface of the tympanic membrane 

and is moved by the tensor tympani muscle, which is innervated by CN V3.

 2. Incus (Anvil)
a. The anvil develops from the cartilage of pharyngeal arch 1 (Meckel cartilage).
b. The incus consists of a body, short process, and long process.
c. The body of the incus articulates with the head of the malleus.
d. The short process of the incus extends horizontally backward and attaches to the ligament of the 

incus.
e. The long process of the incus descends vertically and articulates with the stapes.

 3. Stapes (Stirrup)
a. The stapes develops from the cartilage of pharyngeal arch 2 (Reichert cartilage).
b. The stapes consists of a head, a neck, two processes, and a footplate.
c. The stapes is moved by the stapedius muscle, which is innervated by CN VII.
d. The footplate is attached to the oval window of the vestibule.

C. Muscles
 1. Tensor Tympani Muscle

a. The tensor tympani muscle inserts on the handle of the malleus.
b. The tensor tympani muscle draws the tympani membrane medially and tightens it in response 

to a loud noise, thereby reducing the vibration of the tympanic membrane.
c. The tensor tympani muscle is innervated by CN V3.

 2. Stapedius Muscle
a. The stapedius muscle inserts on the neck of the stapes.
b. The stapedius muscle pulls the stapes posteriorly and reduces excessive oscillation, thereby 

protecting the inner ear from injury from a loud noise.
c. The stapedius muscle is innervated by CN VII.

D. Oval Window (Fenestra Vestibuli)
The oval window is pushed back and forth by the footplate of the stapes and transmits sonic vibrations 
of the ossicles to the perilymph of the scala vestibuli of the inner ear.

E. Round Window (Fenestra Cochleae)
 The round window is closed by the mucous membrane of the middle ear and accommodates 
pressure waves transmitted to the perilymph of the scala tympani.
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F. Auditory (Eustachian) Tube
 1. The auditory tube connects the middle ear to the nasopharynx.

 2. The auditory tube allows air to enter or leave the tympanic cavity, thereby balancing the air pres-
sure of the tympanic cavity with the atmospheric pressure. This allows free movement of the 
tympanic membrane.

 3. The auditory tube can be opened by the contraction of the tensor veli palatini and the salpingopha-
ryngeus muscles.

 IV Inner Ear (Figure 25-2). The inner ear consists of the semicircular ducts, utricle, saccule, 
and cochlear duct, all of which are referred to as the membranous labyrinth containing endolymph.

A. Semicircular Ducts (Kinetic Labyrinth)
 1. The semicircular ducts consist of the anterior (superior), lateral, and posterior ducts along 

with their dilated ends, called ampullae.

 2. Type I and type II hair cells that cover the crista ampullaris (a prominent ridge within the 
ampulla) have numerous stereocilia and a single kinocilium on their apical border.

 3. Type I and type II hair cells synapse with afferent bipolar neurons of the vestibular ganglion of 
CN VIII and with efferent nerve fibers that set the sensitivity of the hair cells.

 4. The semicircular ducts respond to angular acceleration and deceleration of the head.

B. Utricle and Saccule (Static Labyrinth)
 1. The utricle and saccule are dilated membranous sacs that contain specialized receptors called 

maculae.

 2. Type I and type II hair cells within maculae have stereocilia and a single kinocilium on their 
apical border.

 3. Type I and type II hair cells synapse with afferent bipolar neurons of the vestibular ganglion of 
CN VIII and with efferent nerve fibers that set the sensitivity of the hair cells.

 4. The utricle and saccule respond to the position of the head with respect to linear acceleration and 
pull of gravity.

C. Cochlear Duct
 1. The cochlear duct is a triangular duct wedged between the scala vestibuli and scala tympani.

 2. The cochlear duct consists of a vestibular membrane (roof), basilar membrane (floor), and 
stria vascularis (lateral wall).

 3. The stria vascularis participates in the formation of endolymph.

 4. The cochlear duct contains the organ of Corti.
 5. The organ of Corti contains a single row of inner hair cells and three rows of outer hair cells.

 6. The inner and outer hair cells synapse with afferent bipolar neurons of the cochlear (spiral) 
ganglion of CN VIII (90% of these bipolar neurons synapse with inner hair cells) and with efferent 
nerve fibers that set the sensitivity of the hair cells.

Figure 25-2 Anatomy of the inner ear. A: This figure (oblique section through the petrous portion of the temporal 
bone) shows the membranous labyrinth, bony labyrinth, tympanic cavity, ossicles, and a portion of the external acoustic 
meatus. B: Organ of Corti of the cochlear duct. The organ of Corti responds to sound. The hearing process begins when 
airborne sound waves cause vibration of the tympanic membrane, which moves the stapes against the oval window. 
This produces waves of perilymph within the scala vestibuli and scala tympani. The waves of perilymph cause an upward 
displacement of the basilar membrane such that the stereocilia of the hair cells hit the tectorial membrane. As a result, 
K+ ion channels open, hair cells are depolarized, and afferent nerve fibers are stimulated. Note that the endolymph has a 
high K+ concentration, which is maintained by the stria vascularis. The basilar membrane extends between the osseous 
spiral lamina and the spiral ligament. C: This diagram shows the vestibulocochlear nerve (CN VIII) that consists of two 
portions, that is, the cochlear nerve (for hearing) and the vestibular nerve (for balance and orientation).
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 7. The organ of Corti responds to sound. High-frequency sounds cause maximum displacement of 
the basilar membrane and stimulation of hair cells at the base of the cochlea. Low-frequency 
sounds cause maximum displacement of the basilar membrane and stimulation of hair cells at the 
apex of the cochlea.

 V Clinical Considerations
A. Rubella Virus. The organ of Corti may be damaged by exposure to rubella virus during week 7 and 

week 8 of embryologic development.

B. Ménière Disease  is caused by an increase in endolymph. Clinical findings include vertigo (the 
illusion of rotational movement), nausea, positional nystagmus (involuntary rhythmic oscillations of the 
eye), vomiting, and tinnitus (ringing of the ears).

C. Waardenburg Syndrome is an autosomal dominant congenital deafness associated with pig-
ment abnormalities resulting from abnormal neural crest cell migration. These patients classically have a 
white forelock.

D. Otitis Media is a middle ear infection that may spread from the nasopharynx through the auditory 
tube. This may cause temporary or permanent deafness. Acute otitis media could be further complicated 
by mastoiditis since the mastoid air cells are continuous with the middle ear.

E. Hyperacusis is caused by a lesion of CN VII, which results in the paralysis of the stapedius muscle. 
This results in increased sensitivity to loud sounds due to the uninhibited movements of the stapes.

F. Conductive Hearing Loss  results from an interference of sound transmission through the 
external ear or middle ear. This is most commonly caused by otitis media in children or otosclerosis
(abnormal bone formation around the stapes) in adults.

G. Sensorineural Hearing Loss results from a loss of hair cells in the organ of Corti or a lesion of 
the cochlear part of CN VIII or to a central nervous system auditory pathway.

H. Presbycusis  is caused by a progressive loss of hair cells at the base of the organ of Corti, which 
results in high-frequency hearing loss in the elderly.
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Muscles of the Anterior Axioappendicular Region
Muscle Innervation Action

Pectoralis major Lateral and medial pectoral nerves 
(C5, C6)

Adducts and medially rotates the arm

Pectoralis minor Medial pectoral nerve (C8, T1) Stabilizes the scapula

Subclavius Nerve to subclavius (C5, C6) Anchors and depresses the clavicle

Serratus anterior Long thoracic nerve (C5, C6, C7) Protracts the scapula and holds it against the 
thoracic wall

Rotates the scapula

Muscles of the Posterior Axioappendicular and Scapulohumeral Region
Muscles Innervation Action

Trapezius Accessory nerve (CN XI) Elevates, depresses, and retracts the scapula
Rotates glenoid cavity superiorly

Latissimus dorsi Thoracodorsal nerve (C6, C7, C8) Extends, adducts, and medially rotates the arm

Levator scapulae Dorsal scapular nerve (C5)
Cervical nerves (C3, C4)

Elevates the scapula
Rotates glenoid cavity inferiorly

Rhomboid major and 
minor

Dorsal scapular nerve (C4, C5) Retracts and rotates the scapula to depress 
glenoid cavity

Deltoid Axillary nerve (C5, C6) Flexes and medially rotates the arm
Abducts the arm
Extends and laterally rotates the arm

Supraspinatus Suprascapular nerve (C4, C5, C6) Abducts the arm
Acts with rotator cuff muscles

Infraspinatus Suprascapular nerve (C4, C5) Laterally rotates the arm
Holds humeral head in glenoid cavity

Teres minor Axillary nerve (C5, C6) Laterally rotates the arm
Holds humeral head in glenoid cavity

Teres major Lower subscapular nerve (C5, C6) Adducts and medially rotates the arm

Subscapularis Upper and lower subscapular nerve  
(C5, C6, C7)

Adducts and medially rotates the arm
Holds humeral head in glenoid cavity

Muscles of the Anterior (Flexor) Compartment of the Arm
Muscle Innervation Action

Biceps brachii Musculocutaneous nerve (C5, C6) Flexes and supinates the forearm

Brachialis Musculocutaneous nerve (C5, C6) Flexes the forearm in all positions

Coracobrachialis Musculocutaneous nerve (C5, C6) Flexes and adducts the arm
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Muscles of the Posterior (Extensor) Compartment of the Arm
Muscle Innervation Action

Triceps brachii Radial nerve (C6, C7, C8) Extends the forearm

Anconeus Radial nerve (C7, C8, T1) Extends the forearm
Stabilizes the elbow joint

Muscles of the Anterior (Flexor) Compartment of the Forearm
Muscle Innervation Action

Pronator teres Median nerve (C6, C7) Flexes and pronates the forearm

Flexor carpi radialis Median nerve (C6, C7) Flexes and abducts the hand

Palmaris longus Median nerve (C7, C8) Flexes the hand

Flexor digitorum superficialis Median nerve (C7, C8, T1) Flexes proximal phalanges at meta-
carpophalangeal joints

Flexes middle phalanges at proximal 
interphalangeal joints

Flexor carpi ulnaris Ulnar nerve (C6, C7) Flexes and adducts the hand

Flexor digitorum profundus
 Medial part
 Lateral part

Ulnar nerve (C8, T1)
Anterior interosseous nerve (C8, T1)

Flexes distal phalanges at distal 
interphalangeal joint

Flexor pollicis longus Anterior interosseous nerve (C8, T1) Flexes phalanges of the thumb

Pronator quadratus Anterior interosseous nerve (C8, T1) Pronates the forearm

Muscles of the Posterior (Extensor) Compartment of the Forearm
Muscle Innervation Action

Brachioradialis Radial nerve (C5, C6, C7) Flexes the forearm when in midpro-
nated position

Extensor carpi radialis longus Radial nerve (C6, C7) Extends and abducts the hand

Extensor carpi radialis brevis Deep branch of radial nerve (C7, C8) Extends and abducts the hand

Extensor digitorum Posterior interosseous nerve (C7, C8) Extends the fingers at the metacar-
pophalangeal joints

Extensor digiti minimi Posterior interosseous nerve (C7, C8) Extends the fifth finger at the  
metacarpophalangeal joints

Extensor carpi ulnaris Posterior interosseous nerve (C7, C8) Extends and adducts the hand

Supinator Deep branch of radial nerve (C7, C8) Supinates the forearm

Extensor indicis Posterior interosseous nerve (C7, C8) Extends the second finger

Abductor pollicis longus Posterior interosseous nerve (C7, C8) Abducts the thumb
Extends the thumb at the carpo-

metacarpal joint

Extensor pollicis longus Posterior interosseous nerve (C7, C8) Extends the thumb at carpometa-
carpal, metacarpophalangeal, and 
interphalangeal joints

Extensor pollicis brevis Posterior interosseous nerve (C7, C8) Extends the thumb at carpometa-
carpal and metacarpophalangeal 
joints
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Intrinsic Muscles of the Hand
Muscle Innervation Action

Opponens pollicis Recurrent branch of median nerve  
(C8, T1)

Opposes the thumb

Abductor pollicis brevis Recurrent branch of median nerve  
(C8, T1)

Abducts the thumb

Flexor pollicis brevis Recurrent branch of median nerve  
(C8, T1)

Flexes the thumb

Adductor pollicis Deep branch of ulnar nerve (C8, T1) Adducts the thumb

Abductor digiti minimi Deep branch of ulnar nerve (C8, T1) Abducts the fifth finger

Flexor digiti minimi brevis Deep branch of ulnar nerve (C8, T1) Flexes the fifth finger at metacarpopha-
langeal joint

Opponens digiti minimi Deep branch of ulnar nerve (C8, T1) Opposes the fifth finger

First and second lumbricals Median nerve (C8, T1) Flex fingers at metacarpophalangeal joints

Third and fourth lumbricals Deep branch of ulnar nerve (C8, T1) Flex fingers at metacarpophalangeal joints

First through fourth dorsal 
interossei

Deep branch of ulnar nerve (C8, T1) Abduct second through fourth fingers

First through third palmar 
interossei

Deep branch of ulnar nerve (C8, T1) Adduct second, fourth, and fifth fingers
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Muscles of the Leg
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Muscles of the Gluteal Region (Abductors and Rotators of the Thigh)
Muscle Innervation Action

Gluteus maximus Inferior gluteal nerve (L5, S1, S2) Extends the thigh(especially from a flexed 
position)

Assists in lateral rotation of the thigh
Assists in rising from a sitting position

Gluteus medius Superior gluteal nerve (L5, S1) Adducts and medially rotates the thigh

Gluteus minimus Superior gluteal nerve (L5, S1) Adducts and medially rotates the thigh

Tensor of fascia lata Superior gluteal nerve (L5, S1) Adducts and medially rotates the thigh

Piriformis Branches of anterior rami S1, S2 Laterally rotates extended thigh
Abducts flexed thigh

Obturator internus Nerve to obturator internus (L5, S1) Laterally rotates extended thigh
Abducts flexed thigh

Superior gemellus Nerve to obturator internus (L5, S1) Laterally rotates extended thigh
Abducts flexed thigh

Inferior gemellus Nerve to quadratus femoris (L5, S1) Laterally rotates extended thigh
Abducts flexed thigh

Quadratus femoris Nerve to quadratus femoris (L5, S1) Laterally rotates the thigh

Muscles of the Anterior Compartment of the Thigh  
(Flexors of the Hip Joint and Extensors of the Knee Joint)
Muscle Innervation Action

Pectineus Femoral nerve (L2, L3) Adducts and flexes the thigh
Assists in medial rotation of the thigh

Psoas major Anterior rami of L1, L2, L3 Flexes the thigh

Psoas minor Anterior rami of L1, L2 Flexes the thigh

Iliacus Femoral nerve (L2, L3) Flexes the thigh

Sartorius Femoral nerve (L2, L3) Flexes, abducts, and laterally rotates the thigh
Flexes the leg

Rectus femoris Femoral nerve (L2, L3, L4) Extends the leg

Vastus lateralis Femoral nerve (L2, L3, L4) Extends the leg

Vastus medialis Femoral nerve (L2, L3, L4) Extends the leg

Vastus intermedius Femoral nerve (L2, L3, L4) Extends the leg
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Muscles of the Medial Compartment of the Thigh (Adductors of the Thigh)
Muscle Innervation Action

Adductor longus Obturator nerve (L2, L3, L4) Adducts the thigh

Adductor brevis Obturator nerve (L2, L3, L4) Adducts the thigh

Adductor magnus Obturator nerve (L2, L3, L4)
Tibial part of sciatic nerve (L4)

Adducts the thigh
Adductor part: Flexes the thigh
Hamstring part: Extends the thigh

Gracilis Obturator nerve (L2, L3) Adducts the thigh
Flexes the leg

Obturator externus Obturator nerve (L3, L4) Laterally rotates the thigh

Muscles of the Posterior Compartment of the Thigh (Extensors of the Hip Joint 
and Flexors of the Knee Joint)
Muscles Innervation Action

Semitendinosus Tibial part of sciatic nerve (L5, S1, S2) Extends the thigh
Flexes the leg
Medially rotates the flexed leg

Semimembranosus Tibial part of sciatic nerve (L5, S1, S2) Extends the thigh
Flexes the leg
Medially rotates the flexed leg

Biceps femoris Long head: Tibial part of sciatic nerve 
(L5, S1, S2)

Short head: Common fibular part of 
sciatic nerve (L5, S1, S2)

Flexes the leg

Laterally rotates the flexed leg

Muscles of the Anterior and Lateral Compartments of the Leg
Muscles Innervation Action

Anterior Compartment

Tibialis anterior Deep fibular nerve (L4, L5) Dorsiflexes the foot
Inverts the foot

Extensor digitorum longus Deep fibular nerve (L5, S1) Dorsiflexes the foot
Extends lateral four toes

Extensor hallucis longus Deep fibular nerve (L5, S1) Dorsiflexes the foot
Extends the big toe

Fibularis tertius Deep fibular nerve (L5, S1) Dorsiflexes the foot
Assists in eversion of the foot

Lateral Compartment

Fibularis longus Superficial fibular nerve (L5, S1, S2) Everts the foot

Fibularis brevis Superficial fibular nerve (L5, S1, S2) Everts the foot



292 Muscles of the Leg

Muscles of the Posterior Compartment of the Leg
Muscle Innervation Action

Gastrocnemius Tibial nerve (S1, S2) Planter flexes the ankle when leg is extended
Flexes the leg

Soleus Tibial nerve (S1, S2) Plantar flexes the ankle independent of leg 
position

Plantaris Tibial nerve (S1, S2) Assists the gastrocnemius

Popliteus Tibial nerve (L4, L5, S1) Flexes the knee weakly
Medially rotates the unplanted leg

Flexor hallucis longus Tibial nerve (S2, S3) Flexes the big toe at all joints
Plantar flexes the ankle weakly

Flexor digitorum longus Tibial nerve (S2, S3) Flexes the lateral four toes
Plantar flexes the ankle

Tibialis posterior Tibial nerve (L4, L5) Plantar flexes the ankle
Inverts the foot

Muscles of the Foot
Muscle Innervation Action

Abductor hallucis Medial plantar nerve (S2, S3) Abducts and flexes the big toe

Flexor digitorum brevis Medial plantar nerve (S2, S3) Flexes lateral four toes

Abductor digiti minimi Lateral plantar nerve (S2, S3) Abducts and flexes the little toe

Quadratus plantae Lateral plantar nerve (S2, S3) Flexes lateral four toes

Lumbricals Medial 1: Medial plantar nerve  
(S2, S3)

Lateral 3: Lateral plantar nerve  
(S2, S3)

Flex proximal phalanges of lateral four toes
Extend middle and distal phalanges of lateral 

four toes

Flexor hallucis brevis Medial plantar nerve (S2, S3) Flexes proximal phalanx of the big toe

Adductor hallucis Lateral plantar nerve (S2, S3) Adducts the big toe

Flexor digiti minimi brevis Lateral plantar nerve (S2, S3) Flexes proximal phalanx of the little toe

Plantar interossei (3) Lateral plantar nerve (S2, S3) Adduct the toes 2–4
Flex metatarsophalangeal joints

Dorsal interossei (4) Lateral plantar nerve (S2, S3) Abduct the toes 2–4
Flex metatarsophalangeal joints

Extensor digitorum brevis Deep fibular nerve (L5, S1) Extends the four medial toes at the metatar-
sophalangeal and interphalangeal joints

Extensor hallucis brevis Deep fibular nerve (L5, S1) Extends the big toe at the metatarsophalan-
geal joint
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clinical consideration, 122
duct system of, 122f
features of, 121
innervation, 122
venous drainage of, 121

radiology, 126, 126f
small intestine

innervation of, 112
radiograph of, 126f

stomach, 107–108
arterial supply of, 108
carcinomas of, 108
clinical considerations, 108
features of, 107, 107f
innervation, 108
radiograph of, 126f
venous drainage of, 108

Abdominal wall, 89–93
clinical procedures in, paracentesis, 90, 90f
hernias of, 91, 92f
inguinal region of, 91, 92f
regions of, 89, 89f
scrotum and, 93, 94f

Acetabular fractures, 231, 231f
Achalasia, 106
Acromioclavicular joint, 211–212, 211f

clinical considerations, 211–212

297
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Acromioclavicular joint (continued)
acromioclavicular subluxation, 211, 211f
fracture of clavicle, 212, 212f

features of, 211
Acromioclavicular subluxation, 211, 211f
Acute appendicitis, 127
Acute arterial occlusion, 225
Addison disease, 160
Adenocarcinoma, endometrial, 166, 166f
Adipose tissue, breast, 39, 40f
Adrenal cortex, 158–160

clinical considerations, 159–160
Addison disease, 160
congenital adrenal hyperplasia, 160, 160f
Conn syndrome, 159, 159f
Cushing syndrome, 159, 159f

zona fasciculata, 158
zona glomerulosa, 158
zona reticularis, 158

Adrenal hyperplasia, 160
Adrenal medulla, 160–161

clinical considerations, 160–161
neuroblastoma, 160, 601f
pheochromocytoma, 160, 160f

features of, 160
Alar ligaments, 4
Anal canal, 132–133, 133f

arterial supply of, 132
clinical considerations, 132
features of, 132
innervation, 132
lower, 132, 133f
radiology, 134f
upper, 132, 133f

Anal triangle, 197
ischiorectal fossa, 197
muscles of, 197

Anesthesia
lumbar epidural, 18–19
spinal, 18–19, 20f

Aneurysm,Abdominal aorta, 98, 98f
Angina pectoris, 80, 86
Ankle and foot region, 234–237, 235f

ankle (talocrural) joint, 234, 235f
clinical considerations, 236–237

calcaneal fracture, 237
eversion injury, 237, 237f
inversion injury, 236, 236f
Lisfranc injury, 237
ski boot injury, 237

subtalar joint, 234
tarsometatarsal joint (lisfranc joint), 234
transverse tarsal joint (chopart joint), 234

Ankle (talocrural) joint, 234, 235f
Annular pancreas, 122, 122f
Anterior cardiac veins, 76
Anterior compartment syndrome, 239
Anterior drawer sign, 233
Anterior intercostal arteries, 39

Anterior IV artery, 76
Anterior medullary segmental arteries, 16
Anterior primary ramus, 18
Anterior radicular artery, 166
Anterior root, 15f, 18
Anterior rootlets, 16
Anterior spinal artery, 16
Anterior spinal artery occlusion, 21
Anterior spinal artery syndrome, 16
Anterior vertebral canal branch, 5
Antiglomerular basement membrane 

glomerulonephritis (ABMG), 68
Aorta

abdominal, 98, 98f
postductal coarctation of, 52
thoracic, branches of, 39

Aortic aneurysm, 42, 42f
abdominal, 99, 99f

Aortic dissection, 87
Aortic occlusion, abdominal, 99
Aorticorenal ganglion, 142
Aortic semilunar valve, 74
Aortic vestibule, 80
Apex, of heart, 71, 72f
Appendicitis, 115
Appendicular artery, 115
Appendix, 115
Areola, 39, 40f
Arterial occlusion, 225
Articular processes, 5
Asbestosis, 61
Ascites, 97
Asthma, 61, 67
Astrocytomas, 22, 22f
Atelectasis, 59
Atherosclerosis, 80, 225
Atlantoaxial dislocation (subluxation), 4
Atlantoaxial joints, 4, 4f
Atlantodental interval, 4
Atlanto-occipital joints, 4, 4f
Atlas, 1f, 4
Atlas, transverse ligament of

on dens, 4
rupture of, 4

Atrial septum, 79
Atrioventricular (AV) node, 73
Atrium

enlarged left, 106
left, 79
right, 79

Auricle
left, 79
right, 78

Auscultation sites, of chest, 73, 73f
Autonomic nervous system (ANS), 24–32

general features of, 24
parasympathetic division of (craniosacral), 28–29

motor actions of, 32t
visceromotor component, 28, 29f
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sympathetic division of (thoracolumbar), 24–26
motor actions of, 32t
viscerometer component, 24, 26, 25f , 27f

B
Baroreceptors, 30
Barrett esophagus, 106–107
Bartholin cyst (BC), 169, 169f
Basivertebral veins, 5
Benign prostatic hyperplasia (BPH), 179, 179f
Boerhaave syndrome, 106
Boxer’s fracture, 218, 218f
BPH. See Benign prostatic hyperplasia (BPH)
Brachial plexus, 204–207, 205f–206f

anterior and posterior divisions, 207
clinical consideration, 207
cords, 207
major terminal branches, 207
rami, 204
trunks, 207

Bronchial arteries, 58
Bronchial veins, 58
Bronchiectasis, 68
Bronchogenic carcinoma, 62, 62f, 106

metastasis of, 62
Bronchopulmonary segment, 55, 56f
Bulbous urethra, 151
Bundle branches, 77, 77f
Bundle of His, 77

C
C2, traumatic spondylolisthesis of, 7, 7f
Calcaneal fracture, 237
Calcium bilirubinate stones, 118, 118f
Calcium oxalate calculi, 145, 145f
Candida albicans, 169
Carcinoid tumor, 62
Cardiac tamponade, 70–71
Cardiac veins, 76
Carpal tunnel syndrome, 216
Cauda equina, 15, 20f
Celiac trunk, 98
Central nervous system (CNS), 21
Central venous catheter, 42, 42f
Cervical intraepithelial neoplasias (CIN), 168
Cervix, 167
Chagas disease, 106
Chemoreceptors, 78
Chest wall, 36–52

anterior, 42–45
central venous catheter insertion through, 42, 42f
knife wound to chest above clavicle, 51
postductal coarctation of aorta, 52
scalene lymph node biopsy in, 45
thoracic outlet syndrome, 220

breast in, 39–40, 41f. See also Breast
intercostal nerve block in, 46, 46f
lateral, 45–46, 45f
tube thoracostomy of, 46, 46f

mediastinum, 47–48, 48f
movement of, 38
posterior, 47, 47f
radiology of

aortic angiogram, 51f
lateral, 50f
posteroanterior, 49f

rib fractures of, lower, 47
thorax in, 36–52. See also Thorax

Chlamydia trachomatis, 127, 164
“chocolate cysts,” 166
Cholecystolithiasis, 118
Choledocholithiasis, 118
Cholelithiasis, 118
Cholesterol stones, 118, 118f
Chordae tendineae, 79
Chordomas, 21
Chromaffin cells, 158
Chronic obstructive pulmonary disorder (COPD),  

69
Chylothorax, 54
Cisterna chyli, 34
Claudication, 99
Clavicle, fracture of, 212, 212f
Clavicular notch, 36
Clitoris, 170
Coal worker pneumoconiosis, 61
Coarctation of aorta, postductal, 52
Coccygeal ligament, 4
Coccygeal nerve, 17f
Coccygeal plexus, 190f, 191
Coccyx (tail bone), 183, 184f
Colles fracture, 217, 217f
Colonic aganglionosis, 130, 130f
Common iliac arteries, 99, 99f
Commotio cordis, 88
Compartment syndrome, 225
Congenital adrenal hyperplasia, 160, 160f
Conn syndrome, 159, 159f
Costal facets, 36
Costal groove, 39
Costal margins, 36
Costodiaphragmatic recesses, 53
Costomediastinal recesses, 53
Costovertebral joint, 36
Coxal (hip bone), 183, 184f
Crohn disease (CD), 113

vs. ulcerative colitis, 113f–114f
Cruciate anastomosis, 224
Cryptorchidism, 174, 174f
Culdocentesis, 169
Cuneate fasciculus, 14
Curvatures of vertebral column

fetus to adult, 2f
in kyphosis, 2, 2f
in lordosis, 2, 2f
normal, 1, 1f
primary and secondary, 2, 2f
in scoliosis, 2f
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Cushing syndrome, 159, 159f
Cyproterone (Androcur), 180
Cystic fibrosis (CF), 62, 62f
Cystine calculi, 145, 145f
Cystinuria, 145
Cystocele, 192

of vagina, 169

D
Deep perineal space, 196, 196t
Deep venous thrombosis (DVT), 226
Defecation reflex, 134
Dens, 4
Denticulate ligaments, 15f, 16
Dermatomes, 18, 19f
Diaphragm, pelvic, 35
Diaphragmatic surface, of heart, 57, 71, 72f
Dihydrotestosterone (DHT), 179
“dinner fork deformity,” 217
Dislocation of elbow, 214, 214f
Distal interphalangeal joint, 216
Diverticulosis, 131, 131f
Dorsal funiculus, 14
Dorsal horn, 14
Dorsal intermediate septum, 14
Dorsal median fissure, 14
Dorsal motor nucleus of vagus nerve (DMN), 28, 30
Dorsal nucleus of vagus, 58
Dorsal primary ramus, 39
Dorsal root, 18
Dorsal root ganglia, 26
Dorsal rootlets, 18
Ductus deferens, 172f, 173f, 176

arterial supply of, 176
features of, 176
vasectomy of, 176
venous drainage of, 176

Duodenal ulcers, 109
vs. gastric ulcer, 110f

Duodenum, 108–110
arterial supply of, 109
clinical considerations, 109
general features of, 108–109
innervation, 109
venous drainage of, 109

Dupuytren contracture, 216
DVT. See Deep venous thrombosis (DVT)

E
Ear, 281–286

clinical considerations in, 286
external, 281f
auricle, 281, 282f
external auditory meatus, 281, 282f
tympanic membrane (eardrum), 281,  

282f
middle

auditory (eustachian) tube, 284
muscles, 283

ossicles, 283
tympanic (middle ear) cavity, 281

semicircular ducts (kinetic labyrinth), 284
utricle and saccule (static labyrinth), 284

Waardenburg Syndrome, 286
Ectocervix, 167–168
Ectopic tubal pregnancy, 164, 164f
Elbow dislocation, 214, 214f
Elbow joint, 212
Elbow region, 212–215

clinical considerations, 212–215
elbow dislocation, 214, 214f
fracture of olecranon, 215, 215f
Golfer’s elbow, 212
Little Leaguer’s elbow, 214, 214f
Nursemaid’s elbow, 212
supracondylar fracture, 214, 214f
Tennis elbow, 212
Tommy John surgery, 212

elbow joint, 212
Endometrial adenocarcinoma, 166, 166f
Endometriosis, 166, 166f
Enlarged left atrium, 106
Epididymis, 172f, 176

anatomy of, 173f
sperm maturation and storage, 176

Erb–Duchenne, 207
Esophageal reflux, 106
Esophageal strictures, 106
Esophageal varices, 106
Esophagus, 104–107

arterial supply of, 105
clinical considerations, 106–107
constrictions of, 104f, 105
features of, 104
innervation, 105
malignant tumors of, 106
sphincters, 105
venous drainage of, 105

Eversion injury, of right ankle, 237, 237f
External genitalia, 170
External vertebral venous plexus, 5
External vertebral venous plexus metastasis, 5
Extrahepatic biliary ducts, 116–118, 117f

clinical considerations, 118
features of, 116–118

Eye, 270–280
bony orbit of, 270–271
clinical considerations in

Bogorad syndrome, 278
cavernous sinus thrombosis, 279
central artery of the retina obstruction, 279
diplopia, 279
dry eye, 278
glaucoma, 278
Horner syndrome, 279
orbital fractures, 278
papilledema, 279
red eye, 278
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retinal detachment, 279
strabismus, 279
sty, 279

eyelids in, 269f, 271
globe or eyeball of, 269–271

corneoscleral tunic of, 273
retinal tunic of, 275
uveal tunic of, 273–274

lacrimal apparatus in, 271–272, 272f

F
False ligaments, 147
Femoral artery, 231
Femoral canal, 231
Femoral neck fracture, 232, 232f
Femoral nerve, 231
Femoral triangle, 231
Femoral vein, 231
Flutamide (Eulexin), 180

G
Gallbladder, 116, 117f

arterial supply of, 116
features of, 116
innervation, 116
venous drainage of, 116

Gallstone obstruction, 118
Gallstones, 118
Gamekeeper’s thumb, 218, 218f
Gardnerella vaginalis, 169
Gastric ulcers, 107f, 108
Geniculate anastomosis, 224
Glenohumeral joint, 210
Golfer’s elbow, 212
Goodpasture syndrome, 68
Gracile fasciculus, 14
Granuloma, 113
Greater sciatic foramen, 185
Great saphenous vein, 225
“gunpowder mark,” 166

H
Hartmann pouch, 115
Head, 242–258

arch of the aorta branches, 247
arterial supply of, 247–251, 248f
case studies on

middle cerebral artery territorial stroke, 258
subdural hematoma, 259

cranial nerves of, 256f, 257t. See also specific nerves
external carotid artery, 247–248, 248f
internal carotid artery, 250
meninges, 246
muscles of, 246
scalp, 245
skull, 242–243, 243f
venous drainage of, 251–252, 252f
vertebral arteries, 251

Headaches, 246

Heart, 70–88
arterial supply of, 74, 74f
case studies of, 87

acute myocardial infarction, 87
angina pectoris, 86

clinical considerations in, 80–81
atherosclerosis, 80
ischemic heart disease, 80, 81f

conduction system of, 76–77, 77f
fibrous skeleton of, 73
gross anatomy of, 78–80

left atrium, 79
left ventricle, 79–80
right atrium, 78–79
right ventricle, 79

heart sounds in, 74
innervation of, 77–78, 77f

parasympathetic, 77f, 78
sympathetic, 77f, 78

pericardium, 70
radiology of

MRI at T5-6, 84f
MRI at T7-8, 85f

surfaces of, 71, 72f
venous drainage of, 76

Heart attack. See Angina pectoris
Heart compression, 70
Heart sounds, 74
Heinz bodies, 135
Hip and gluteal region, 229–232, 230f. See also Ankle 

and foot region
clinical considerations, 231–232

acetabular fractures, 231, 231f
dislocations of hip, 232, 232f
femoral neck fracture, 232, 232f
Legg-Perthes disease, 232, 232f

femoral triangle, 231
hip joint, 230

Hip joint
anterior dislocations of, 232, 232f
posterior dislocation of, 232, 232f

Hirschsprung disease, 130, 130f
Horseshoe kidney, 142
Howell-Jolly bodies, 135, 137
Human papillomavirus (HPV), 168
Humeroradial joint, 212
Humeroulnar joint, 212
Hydrocele, of testes, 175, 175f
Hyperextension injury, 233
Hyperflexion injury, 233
Hypothalamus, 24

I
Idiopathic pulmonary fibrosis, 61
Ileum, 111–112

arterial supply of, 111
features of, 111t
venous drainage of, 112

Iliofemoral ligament, 230
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Inferior articular process, 10f
Inguinal canal, 91
Inguinal ligament, 91
Inguinal region, 91
Inspiration

costodiaphragmatic recesses in, 53
thoracic wall movement in, 38

Intercostal arteries, 39
Intercostal muscles, 38
Intercostal nerve block, 46, 46f
Intercostal nerves, 38
Intercostal spaces, 38
Intercostal veins, 38
Inversion injury, of right ankle, 236, 236f
Ischiofemoral ligament, 230
Ischiorectal fossa, 197

J
Jejunum, 111

arterial supply of, 111
general features of, 111t
lymph drainage, 111
venous drainage of, 111

K
Kidney, 138–156

arterial supply of, 140–142, 140f
afferent arterioles, 141
anterior and posterior divisions, 141
arcuate arteries, 141
efferent arterioles, 141
interlobar arteries, 141
interlobular arteries, 141
renal artery, 140
segmental arteries, 140f, 141

ascent of, 142
clinical considerations, 142
computed tomography of, 154f–156f
features of, 138–139, 138f
innervation, 142

sensory innervation, 142
sympathetic, 142

internal macroscopic anatomy of, 139
intravenous urogram of, 144f, 152f
rotation of, 142
surface projections, 139

left kidney, 139
right kidney, 139

surgical approach to, 142
venous drainage of, 141

Kidney trauma, 142
Klumpke, 207
Knife wound, to chest, 54
Krukenberg tumor, 108
Kyphosis, 2, 2f

L
Labia majora, 170
Labia minora, 170

Lacteals, 111
Lactiferous ducts, 40f
Lactiferous sinus, 40f
Large intestine, 112–113

arterial supply of, 112
clinical considerations, 113–114
features of, 112t
innervation of, 114–115

parasympathetic, 114–115
sympathetic, 115

venous drainage of, 113
Lateral epicondylitis, 212
Lateral meniscus, 234
Lecithin-to-sphingomyelin ratio, 59
Left anterior descending artery (LAD), 76
Left ascending lumbar vein, 101
Left atrioventricular valve, 73
Left atrium, 79
Left auricle, 79
Left bundle branches, 77
Left circumflex artery, 74–75
Left common iliac vein, 100, 101
Left gastric artery, 98, 105
Left gonadal vein, 101
Left inguinal region, 89
Left lumbar region, 131
Left main coronary artery (LMCA), 74–75
Left posterior ventricular vein, 76
Left-side testicular varicocele, 101
Left subcostal vein, 101
Left ventricle, 79–80
Legg-Perthes disease, 232, 232f, 240
Leiomyoma, 167, 167f
Lesser sciatic foramen, 185
Leuprolide (Lupron)

for prostatic carcinoma, 180
Ligament

alar, 4, 4f
coccygeal, 14
cruciate, 4, 4f
denticulate, 15, 16

Ligamentum arteriosum, 58
Ligamentum teres, 230
Linear ulcers, 113
Lisfranc injury, 237
Little Leaguer’s elbow, 214, 214f
Liver, 119–120, 120f

arterial supply of, 119
clinical considerations, 119
features of, 119
innervation, 119
lobes of, 119
portal supply, 119
surgical resection of, 119
venous drainage of, 119

Lower limb, 221–241
ankle and foot region, 234–237, 235f

ankle (talocrural) joint, 234, 235f
clinical considerations, 236–237



 Index 303

subtalar joint, 234
tarsometatarsal joint (lisfranc joint), 234
transverse tarsal joint (chopart joint),  

234
arterial supply of, 221–225, 222f

clinical considerations, 224–225
collateral circulation, 224
femoral artery, 223
obturator artery, 223
popliteal artery, 223–224
superior gluteal, 223

bones, 221
case studies, 239–241
cross-sectional anatomy, 238f
cutaneous nerves of, 226–227, 226f
hip and gluteal region, 229–232, 230f

clinical considerations, 231–232
femoral triangle, 231
hip joint, 230

knee region, 233–234
clinical consideration, 234
knee (femorotibial) joint, 233–234, 233f

lumbar plexus of, 227–228
branches, 228
divisions, 227
nerves of, 227f
rami, 227

muscles, 221
innervation of, 228f

nerve lesions, 229t
venous drainage, 225–226

clinical consideration, 226
communicating venous system, 226
deep veins, 226
superficial veins, 226

Lower trunk injury, 207
Lumbar epidural anesthesia, 18–19
Lumbar nerves, 17f
Lumbar plexus of, 227–228

branches, 228
divisions, 227
nerves of, 227f
rami, 227

Lumbar puncture, 18, 20f
Lumbar splanchnic nerves, 24
Lumbosacral region, normal radiology of,  

10, 12f
Lungs, 57–59

arterial components of, 57–58
breath sounds in, 57
bronchopulmonary segment of, 57
case studies of, 67–69
clinical considerations in, 59–66

atelectasis, 59
bronchogenic carcinoma, 62, 62f
cystic fibrosis, 62, 62f
obstructive lung diseases, 61, 61f
pulmonary embolism, 87
restrictive lung diseases, 61 61f

innervation of, 58–59
parasympathetic, 58
sympathetic, 58–59

left, 57
right, 57
venous component of, 58

Lymphatic system, 33, 33f
features of, 33, 33f
specific drainage of, 34, 35f
thoracic duct of, 34

M
Magnesium ammonium sulfate calculi,  

145, 145f
Male pelvis, sagittal view of, 129f
Mallory-Weiss tears, 106
McBurney point, 115
Medial epicondylitis, 212
Medial meniscus, 234
Median umbilical ligament, 147
Membranous urethra, 151
Meningiomas, 22, 22f
Metacarpophalangeal joint, 216
Micturition reflex, 148
“milk of calcium” bile, 118
Mirizzi syndrome, 118
Mitral valve, 80
Mixed spinal nerve, 18
Moderator band, 79
Mucosal prolapse, 132
“mulberry nodules,” 166
Multiple endocrine neoplasia (MEN) type IIa 

syndrome, 160
Musculophrenic artery, 39
Mycobacterium tuberculosis, 69
Myocardial infarction (MI), 80, 81f
Myocytes, Purkinje, 77

N
Nabothian cysts, 168
Neck, 260–269

cervical plexus in, 260, 261f
cervical triangle in, 262
clinical considerations in, 264–266

anterior (carotid) triangle, 262
brachial plexus nerve block, 264, 264f
carotid endarterectomy, 262, 262f
cervical plexus nerve block, 263, 263f
posterior (occipital) triangle, 263, 263f
stellate ganglion nerve block, 263, 263f

larynx in, 264, 265f
clinical considerations in
cricothyroidotomy, 267, 267f
recurrent laryngeal nerve damage, 264
superior laryngeal nerve damage, 264
tracheotomy, 267, 267f

parathyroid glands in, 268
parotid glands in, 268–269
thyroid gland in, 268
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Neisseria gonorrhoeae, 127, 164
Neuroblastoma, 160, 601f
Nursemaid’s elbow, 212

O
Oblique vein of left atrium, 76
Obstructive lung diseases, 61, 61f
Obturator lymph nodes, 168
Olecranon fracture, 215, 215f
Organ of Zuckerkandl, 160
Osgood-Schlatter disease, 241
Osmoreceptors, 30, 31f
Ovaries, 162

P
Painful arc syndrome, 210
Palmar arches, laceration of, 203
Pancoast syndrome, 62
Pancreas, 121–122, 122f

arterial supply of, 121
clinical consideration, 122
duct system of, 122f
features of, 121
innervation, 122
venous drainage of, 121

Pappenheimer bodies, 135
Paraesophageal hiatal hernia, 106
Parasympathetic nervous system (PNS), 28–29

in heart, 77
in lungs, 57–58
motor actions of, 32t
visceromotor component, 28, 28f

Parietal peritoneum, inflammation, 97
Parietal pleura, 53
Pelvic inflammatory disease (PID), 127
Pelvic relaxation, 192
Pelvic ring, 192
Pelvic venous plexuses, 189
Pelvis, 183–194, 184f

anteroposterior radiograph of, 194f
arterial supply of, 188–189

internal iliac artery, 188–189
median sacral artery, 189
ovarian/testicular artery, 189
superior rectal artery, 189

bones of, 183, 184f
coccyx (tail bone), 183, 184f
coxal (hip bone), 183, 184f
sacrum, 183, 184f

clinical considerations, 192–193
pelvic relaxation, 192
pelvic ring, 192
pudendal nerve block, 192, 193f

greater sciatic foramen, 185
lesser sciatic foramen, 185
male vs. female pelvis, 187t
median section of, 146f
muscles of, 188, 188f

nerves of, 190–191, 190f
autonomic components, 191
coccygeal plexus, 190f, 191
sacral plexus, 190–191, 190f

organs, support of, 191–192
pelvic diaphragm, 191
pubocervical ligament, 192
transverse cervical ligament, 192
urogenital diaphragm, 192
uterosacral ligament, 192

pelvic inlet (pelvic brim), 185, 186f
pelvic outlet, 185, 186f
pelvic venous plexuses, 189
venous drainage of, 189

Penile urethra, 151
Penis, 180–181, 181f

ejaculation from, 182
emission from, 182
erection of, 182
features of, 180
innervation, 181
venous drainage, 181

Peptic ulcer disease (PUD), 128
Perineum, 195–198, 195f

anal triangle, 197
ischiorectal fossa, 197
muscles of, 197

muscles of, 197–198
female, 198f
male, 197f

osseous boundaries of, 195f
urogenital triangle, 196–197

clinical consideration, 197
deep perineal space, 196, 196t
superficial perineal space, 196, 196t

Pheochromocytoma, 160, 160f
PID. See Pelvic inflammatory disease (PID)
Pigment (bilirubin) stones, 118, 118f
PIN. See Prostatic intraepithelial neoplasia (PIN)
Plantar anastomosis, 224
Pleura, 53–54

inadvertent damage to, 54
visceral and parietal, 95

Pleural recesses, 53
Pleuritis, 53
Pneumococcal pneumonia, 69
Posterior cecal vein, 115
Posterior drawer sign, 233
Primary adrenal insufficiency, 160
Primary hyperaldosteronism, 159, 159f
Prostate gland, 172f, 173f, 178–180, 178f

arterial supply of, 179
clinical considerations in, 179–180

benign prostatic hyperplasia, 179,  
179f

prostatic carcinoma, 180, 180f
features of, 178–179
venous drainage of, 179
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Prostatic carcinoma (PC), 180, 180f
Prostatic intraepithelial neoplasia (PIN), 108
Prostatic sinus, 151
Prostatic urethra, 151
Proximal interphalangeal joint, 216
Pubocervical ligament, 192
Pubofemoral ligament, 230
Pubovesical ligaments, 147
PUD. See Peptic ulcer disease (PUD)
Pudendal nerve block, 192, 193f
Pulmonary arteries, 58
Pulmonary embolism, 87
Pulmonary fibrosis, idiopathic, 61
Pulmonary plexuses, 58
Pulmonary semilunar valve, 74, 79
Pulmonary surface, of heart, 71
Pulmonary veins, 58
Pulmonic valve, 74
Purkinje myocytes, 77

R
Radioulnar joint, 212
Raynaud syndrome, 203
Rectal prolapse, 132
Rectocele, 192

of vagina, 169
Rectum, 131–132

arterial supply of, 131
clinical consideration, 131
features of, 131
radiology, 134f
venous drainage, 131

Renal calculi obstruction, 143, 144f
Renal capsule, 138
Reproductive system, female, 162–171

cervix, 167
ectocervix, 167–168
external genitalia, 170
innervation of, 171

parasympathetic, 171
sympathetic, 171

ovaries, 162
uterine tubes, 162–164, 163f

arterial supply of, 164
clinical considerations, 164
features of, 162
venous drainage of, 164

uterus, 163f, 164–167
arterial supply of, 164
clinical considerations, 166–167
features of, 164
position of, 166
support of, 165
venous drainage of, 164

vagina, 163f, 168–170
arterial supply, 169
clinical considerations, 169
features of, 168

venous drainage of, 169
vestibule of, 170

Reproductive system, male, 172–182, 172f
bulbourethral glands of cowper, 172f, 173f, 177
ductus deferens, 172f, 173f, 176

arterial supply of, 176
features of, 176
vasectomy of, 176
venous drainage of, 176

ejaculatory duct, 172f, 173f, 177
epididymis, 172f, 176

anatomy of, 173f
sperm maturation and storage, 176

innervation of, 182
parasympathetic, 182
sympathetic, 182

penis, 180–181, 181f
ejaculation from, 182
emission from, 182
erection of, 182
features of, 180
innervation, 181
venous drainage, 181

prostate gland, 172f, 173f, 178–180, 178f
arterial supply of, 179
clinical considerations in, 179–180
features of, 178–179
venous drainage of, 179

secretion from, 182
seminal vesicles, 172f, 173f, 177
spermatic cord, contents of, 177
testes, 172–175, 172f

anatomy of, 173f
arterial blood supply of, 174
clinical considerations, 174–175
features of, 172–174
lymph drainage of, 174
tunica vaginalis, 172
venous drainage of, 174

Ribs, 36
fractures of, lower, 47
movement of, in inspiration, 38

Right ascending lumbar vein, 100
Right atrioventricular valve, 73
Right atrium, 73
Right auricle, 73
Right bundle branches, 77
Right common iliac vein, 100f, 101f
Right coronary artery (RCA), 74
Right gonadal vein, 101
Right inguinal region, 89
Right lumbar region, 89, 89f
Right-side hydronephrosis, 101
Right subcostal vein, 100
Right ventricle, 71, 72f
Right ventricle failure, 71
Rokitansky-Aschoff sinuses, 115
Rotator cuff tendinitis, 210, 210f
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S
Sacral plexus, 190–191, 190f
Sacrum, 183, 184f
Salpingitis, 164, 164f
Scaphoid fracture, 217, 217f
Schwannomas, 23, 23f
Scoliosis, 2, 2f
Scrotum, 93, 94f
Seminal colliculus, 151
Serpentine ulcers, 113
Shoulder region, 209–212

acromioclavicular joint, 211–212, 211f
anterior dislocation, 210f
anteroposterior radiograph of, 209f
axilla, 209
glenohumeral joint, 210
spaces, 209

Shoulder separation, 211, 211f
Sigmoid colon, 129–131, 129f

arterial supply of, 130
clinical considerations, 130–131

colonic aganglionosis, 130, 130f
colostomy, 131
diverticulosis, 131, 131f
flexible sigmoidoscopy, 131

features of, 129
radiology of, 134f
venous drainage of, 130

Ski boot injury, 237
Slashing of wrist, 216
Sliding hiatal hernia, 106
Small cardiac vein, 76
Small cell carcinoma, 62
Smallest cardiac veins, 76
Small intestine

innervation of, 112
radiograph of, 126f

Small saphenous vein, 225
Spinal arteries

anterior, 16
posterior, 16

Splanchnic nerves
lumbar, 24
sacral, 24
thoracic, 24

Spleen, 135–137, 136f
arterial supply of, 135
clinical considerations, 136–137

splenectomy, 136–137
splenic infarction, 137, 137f
splenic vein thrombosis, 137
splenomegaly, 137

features of, 135, 136f
radiology of, 137, 137f
venous drainage of, 135

Splenic infarction, 137, 137f
Splenic vein thrombosis, 137
Splenomegaly, 137

Spondylolisthesis, 7, 7f
of C2, traumatic, 7, 7f

Spondylosis deformans, 8, 8f
Squamous cell carcinoma, of cervix, 168, 168f
Sternal angle of Louis, 36
Sternoclavicular joint, 36
Sternocostal surface, of heart, 71
Sternum, 36
Stomach, 107–108

arterial supply of, 108
carcinomas of, 108
clinical considerations, 108
features of, 107, 107f
innervation, 108
radiograph of, 126f
venous drainage of, 108

Straddle injury, 149
Subclavian steal syndrome, 202–203
Subtalar joint, 234
Suicide cuts, 216
Superficial perineal space, 196, 196t
Supracondylar fracture, 214, 214f
Suprarenal (adrenal) glands

adrenal cortex, 158–160
clinical considerations, 159–160
zona fasciculata, 158
zona glomerulosa, 158
zona reticularis, 158

adrenal medulla, 160–161
clinical considerations, 160–161
general features of, 160

arterial supply of, 158
features of, 157–158, 157f
innervation, 158
venous drainage of, 158

Supraventricular crest, 79
Sural communicating branch, of common  

fibular nerve, 13
Sympathetic nervous system (SNS), 24
Sympathetic neuron

postganglionic, 78
preganglionic, 78

Syringomyelia, 21

T
Tarsometatarsal joint (lisfranc joint), 234
Teardrop fracture, 8, 8f
Tectorial membrane, 4, 4f
Tennis elbow, 212
Testes, 172–175, 172f

anatomy of, 173f
arterial blood supply of, 174
clinical considerations, 174–175

cryptorchidism, 174, 174f
hydrocele, 175, 175f
torsion, 175, 175f
varicocele, 175, 175f

features of, 172–174
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hydrocele of, 175, 175f
lymph drainage of, 174
tunica vaginalis, 172
venous drainage of, 174

Thoracic duct, 34
Thoracic inlet, 36
Thoracic nerves, 17f
Thoracic outlet, 36
Thoracic outlet syndrome (TOS)

diagnosis, 220
Thoracic region, normal radiology of, 11f
Thoracic splanchnic nerves, 24
Thoracic vertebrae, 36
Thoracic wall movement, 38
Thoracostomy, tube, 46, 46f
Thorax, 36–52

arteries of, 39
bones of, 36
features of, 36
nerves of, 39
veins of, 39

Thrombocytosis, 137
Tommy John surgery, 212
Torsion, of testes, 175, 175f
Trabeculae carneae, 79
Tracheobronchial tree, 55

characteristics, 55
clinical considerations, 55–56

Transverse cervical ligament, 192
Transverse tarsal joint (chopart joint),  

234
Trichomonas vaginalis, 169
Trochanter anastomosis, 224
Trypanosoma cruzi, 106
Tunica albuginea, 180
Tunica vaginalis, 172

U
Ulcerative colitis, 113

vs. Crohn disease, 113f–114f
Unilateral hydronephrosis, 143
Upper limb, 199–220

arterial supply of, 199–203, 200f
axillary artery, 200f, 201
brachial artery, 201–202
clinical considerations, 202–203
collateral circulation, 200f, 202
percutaneous catheterization, 202
placement of ligatures, 202
subclavian artery, 199–201

bones of, 199
brachial plexus, 204–207, 205f–206f

anterior and posterior divisions, 207
clinical consideration, 207
cords, 207
major terminal branches, 207
rami, 204
trunks, 207

cross sectional anatomy, 219f
cutaneous nerves of, 204, 204f
elbow region, 212–215

clinical considerations, 212–215
elbow joint, 212

muscles of, 199
innervation of, 206f

nerve lesions of, 207, 208t
right arm and right forearm, 219f
shoulder region, 209–212

acromioclavicular joint, 211–212,  
211f

anterior dislocation, 210f
anteroposterior radiograph of, 209f
axilla, 209
glenohumeral joint, 210
spaces, 209

venous drainage of, 203
wrist and hand region, 215–218

anteroposterior radiograph of, 215f
clinical considerations, 216–218
distal interphalangeal joint, 216
metacarpophalangeal joint, 216
proximal interphalangeal joint, 216
wrist joint (radiocarpal joint), 215

Upper trunk injury, 207
Urachus, 147
Ureter, 143–145

arterial supply of, 143
clinical consideration, 143–145, 144f
constrictions of, 143
features of, 143
innervation, 143
intravenous urograms of, 152f
neighboring structures and, 143
venous drainage, 143

Urethra, 151
bulbous, 151
female, 151
male, 151
retrograde urethrogram of, 153f
voiding cystourethrogram of, 153f

Urethral injury, 149
Uric acid calculi, 145, 145f
Urinary bladder, 145–150, 146f

arterial supply of, 147
clinical considerations, 149–150
features of, 145, 146f
innervation, 148
internal anatomy of, 147
intravenous urograms, 152f
location of, 149
lymph drainage of, 148
micturition reflex, 148
neighboring structures and, 147
support of, 147

Urine leakage, trauma and, 149, 150f
Urogenital diaphragm, 192
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Urogenital triangle, 196–197
clinical consideration, 197
deep perineal space, 196, 196t
superficial perineal space, 196, 196t

Uterine fibroids, 167, 167f
Uterine prolapse, 192
Uterine tubes, 162–164, 163f

arterial supply of, 164
clinical considerations, 164
features of, 162
venous drainage of, 164

Uterosacral ligament, 192
Uterus, 163f, 164–167

arterial supply of, 164
clinical considerations, 166–167

endometrial adenocarcinoma, 166, 166f
endometriosis, 166, 166f
uterine fibroids, 167, 167f

features of, 164
position of, 166
support of, 165
venous drainage of, 164

V
Vagina, 163f, 168–170

arterial supply, 169
clinical considerations, 169
features of, 168
venous drainage of, 169
vestibule of, 170

Vaginitis, 169
Valves, heart

bicuspid, 73, 73f
mitral valve, 80
tricuspid, 73

Vasa recta, 111
Vertebral column, 1–12

case study on, 13
clinical considerations in, 5–6

Chance fracture, 9, 9f
denervation of zygapophyseal (facet) joints, 5
dislocations with fracture, 5

dislocations without fracture, 5
Hangman fracture (traumatic spondylolisthesis 

of C2), 7, 7f
Jefferson fracture, 4
Spina Bifida, 10, 10f
spondylolisthesis, 7, 7f
spondylolysis, 7, 7f
spondylosis, 8, 8f
teardrop fracture, 8, 8f

curvatures of
in kyphosis, 2
in lordosis, 2
primary and secondary, 2
in scoliosis, 2

joints of, 4
normal radiology of cervical and thoracic 

regions, 10f–11f
vasculature of, 5, 5f

Verumontanum, 151
Volkmann ischemic contracture, 216
von Recklinghausen neurofibromatosis, 160

W
Wrist and hand region, 215–218

anteroposterior radiograph of, 215f
clinical considerations, 216–218
distal interphalangeal joint, 216
metacarpophalangeal joint, 216
proximal interphalangeal joint, 216
wrist joint (radiocarpal joint), 215

Wrist joint (radiocarpal joint), 215

X
Xiphoid process, 5, 5f
Xiphosternal joint, 5, 5f

Z
Zona fasciculata (ZF), 158
Zona glomerulosa (ZG), 158
Zona reticularis (ZR), 158
Zygapophyseal joint, 5

denervation, 5
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