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PREFACE

An in-depth understanding of human gross anatomy is fundamental to the practice of
clinical medicine. Unfortunately, virtually all medical schools have severely curtailed the
class hours allotted for anatomy instruction. As a result, anatomists have been challenged
to develop more efficient educational methods in order to preserve high academic stan-
dard. This book was written as a response to this challenge.

The text presents gross anatomy in an expanded outline format. Its conciseness and
logical organization permit easy previewing of the subject matter before a lecture or
laboratory as well as allowing efficient learning and reviewing of the material before an
examination. Notwithstanding its succinct style, the text’s coverage of gross anatomy is
comprehensive and contains a level of detail appropriate for the medical student.

The Introduction sets forth basic principles and terminology that will serve the stu-
dent throughout the remainder of the text. Overviews of the nervous, muscular, skeletal,
and vascular systems are also included in this Introduction. The main body of the text is
organized on the basis of regional anatomy in the following sequence: the back, thoraz,
abdomen, perineum and pelvis, head and neck, upper limb, and lower limb. Clinical notes that
highlight anatomy relevant to current medical practice appear throughout these chap-
ters. Since each regional anatomy chapter is complete in itself, the order in which each is
studied is optional.

During the writing of this text, some of the most difficult decisions involved the sub-
Jject matter to be included in the chapters. A guidepost in this process was the question,
“Will this information contribute significantly to a student’s understanding of anatomy,
especially as it relates to the practice of medicine?” When, for example, this question was
posed for the study of the cranial nerves and autonomic nervous system, the details of
this subject seemed highly relevant to clinical medicine. Thus, their anatomy was given
extensive treatment. In contrast, when this criterion was applied to the relationship of
the lumbricals, palmar interossei, and dorsal interossei to the deep transverse metacar-
pal ligaments, I thought this information was beyond the scope of applicable anatomy
and excluded it from the text.

Other difficult deliberations involved the selection of and priority given to anatomical
terms. Although the guidance offered by the sixth edition (1989) of Nomina Anatomica
proved invaluable, common usage took precedence over strict adherence to Nomina

vii




Anatomica. For example, dorsal and ventral roots of a spinal nerve were selected over
posterior and anterior roots. When the commonly used terms were chosen, the Nomina
Aratomica term was often noted in parentheses. Synonyms and eponyms were also par-
enthetically cited after Nomina Anatomicaterms. Most terms were anglicized; for instance,
foramen transversarium became transverse foramen.

Since this text was designed for use with an atlas, no illustrations were included. This
decision was based on two considerations: (1) essentially all students of gross anatomy
purchase an atlas, and (2) substantial classroom testing of the text indicated that addi-
tional illustrations were unnecessary.

Earlier versions of this text have been favorably received by my own students. Because
it circumscribes the subject matter the student needs to master, anxiety that might have
arisen from ambiguity about what the student would be examined upon was significantly
reduced. Additionally, students showed more enthusiasm for self-instruction when the
contours of the course were more clearly defined. This permitted a more Socratic method
of teaching, whereby objectives for a formal lecture could be achieved through a more
intellectually stimulating question-and-answer discussion. I hope other educators and
students of anatomy will also find the book a valuable instructional and learning tool. I
welcome their comments.

Riverside, Calif. R.J.L.
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Anatomy is that faculty which through
inspection and dissection reveals the uses
and actions of the parts.

WILLIAM HARVEY
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Introduction

I. Anatomical Principles
A. Anatomy
1. The study of biological structure

2. Structure and function are inextricably entwined; function is determined
by structure and, in clinical medicine, the goal is often to restore struc-
ture so as to restore function

B. Variation

1. Human diversity is expressed in anatomical variation; variation in ex-
ternal human form reflects variation in internal form, consequently, one
will not see the same face or the same liver twice

2. Because of variation, anatomical descriptions and illustrations will often
be unreliable; an appreciation for the anatomical uniqueness of an indi-
vidual is part of the art of medicine

C. Three-dimensional visualization

1. One of the objectives of learning anatomy is to construct a three-dimen-
sional mental image of the human body

2. A three-dimensional appreciation of the human body is essential in many
diagnostic procedures and may be facilitated by the study of cross-

sectional anatomy, perhaps through the aid of magnetic resonance im-
ages (MRIs)




D. Living anatomy

1.

Since your knowledge of anatomy will be applied to the examination and
treatment of a living individual, it is important to extrapolate your labo-
ratory experience to the living individual

. Many of the structures you will study can be palpated through the skin,

or their locations can be determined by palpable landmarks

E. Terminology

1.

3.

4.

Introduction

The internationally recognized Latin terms for anatomical structures
appear in the volume Nomina Anatomica; the meanings of their Latin
names are usually noted in a medical dictionary and are often helpful in
understanding their structure or function

. Other key words in the language of anatomical description are terms de-

fining planes, locations, and muscle actions; they are utilized relative to

the anatomical position, that is, an upright posture with the upper limbs

by the sides and the palms of the hands facing forward, and are noted below

Terms defining planes

a. Sagittal plane: divides the body into right and left parts; a median
(midsagittal) plane divides the body in the midline into right and left
halves

b. Coronal (frontal) plane: divides the body into front and back parts

¢. Transverse (horizontal, axial) plane: divides the body into upper and
lower parts

Terms defining locations

a. Proximal—closer to the midline, point of origin, or entrance; distal—
further from the midline, point of origin, or entrance

b. Anterior (ventral}—toward the front of the body; posterior (dorsal)—
toward the back of the body

c. Superior (cranial}—toward the head; inferior (caudal)}—toward the
feet

d. Medial—toward the midline; lateral—away from the midline

e. Superficial (external}—toward the surface of the body; deep (internaly—
away from the surface of the body



5. Terms defining muscle actions

a. Flexion—a movement decreasing the angle between two bones
or a movement in a ventral direction; extension—a movement increas-
ing the angle between two bones or a movement in a dorsal direc-
tion

b. Abduction—a movement away from the midline; adduction~—a move-
ment toward the midline

¢. Circumduction—a circular pivoting movement that describes a cone;
involves a combination of flexion, extension, abduction, and adduction

d. Medial rotation—a movement around a longitudinal axis in which the
anterior surface turns medially; lateral rotation—a movement around
a longitudinal axis in which the anterior surface turns laterally

e. Lateral flexion—a movement of the vertebral column or head to the
right or left within the coronal plane

[1. Anatomical Systems
A. Nervous system
1. Composed of a central and peripheral nervous system

a. The central nervous system consists of the brain and spinal cord,;
it receives and integrates sensory input and initiates motor output

b. The peripheral nervous system consists of sensory (afferent) neurons
that conduct impulses toward the central nervous system and motor
(efferent) neurons that conduct impulses away from the central ner-
vous system

2. Composed of a somatic and autonomic nervous system

a. The somatic nervous system receives sensory information from the
skin, muscles, and joints, and provides motor innervation to skeletal
muscle

b. The autonomic nervous system provides motor innervation to
smooth muscle, cardiac muscle, and glands (the autonomic ner-
vous system is generally regarded as a motor system, however,
smooth muscle, cardiac muscle, and glands also have a sensory
innervation)

Introduction | 5




B. Muscular system
1. Muscles

a. Span joints and contract; their actions can usually be deduced from
their relationship to a joint

b. Denervation of a muscle results in loss of its functions; the loss may
be compensated for by other muscles with similar functions

2. Deep fascia: represents the connective tissue sheaths of muscles (super-
ficial fascia lies deep to the skin and usually contains fat)

C. Skeletal system
1. Provides a protective casing for delicate structures, such as the brain and
spinal cord, and provides a lever system of joints; joints are junctions
between bones and are classified into the three major types noted below
2. Synovial joint
a. Characterized by a joint space between closely apposed hyaline-
cartilage-covered, articular surfaces of bones; the joint space and ar-
ticular surfaces are ensheathed in a collar of dense connective tissue
called the fibrous capsule
b. The fibrous capsule is lined by a synovial membrane which secretes
synovial fluid into the joint space; synovial fluid is a viscous lubri-
cating substance that reduces friction between the articular surfaces
3. Cartilaginous joint: characterized by the imposition of hyaline cartilage
or fibrocartilage between bones; in the former instance, the joint is called
a synchondrosis and, in the latter instance, the joint is referred to as a
symphysis
4. Fibrous joint: bones are united by dense connective tissue
D. Vascular system

1. A pumping, delivery, and drainage system

2. Arteries: comprise a pulsatile, branching, tubular delivery system ex-
tending from the heart to the capillaries

3. Veins: comprise a drainage system of expansile, tubular tributaries ex-
tending from the capillaries to the heart; when multiple veins accom-
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pany a singular artery, they are sometimes referred to as venae comi-
tantes (accompanying veins) of the named artery

4. Lymphatics: comprise a tubular drainage system for interstitial fluid
or lymph; after passing through lymph nodes, lymph empties into the
venous system

5. Valves: found within veins and lymphatics; prevent backflow of blood
and lymph

Introduction | 7
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The Vertebral Column

I. General Features of Vertebrae

A. Body: anterior, cylindrical, weight-bearing part; articular (hyaline) carti-
lage covers its superior and inferior surfaces

B. Vertebral arch
1. U-shaped element attached posteriorly to the body

a. Consists of two laterally-placed, cylindrical pedicles united posteri-
orly by two platelike laminae

b. The superior and inferior vertebral notches are indentations along
the superior and inferior margins of each pedicle, respectively

2. The vertebral arch and posterior surface of a body bound a vertebral
foramen; collectively, the vertebral foramina form the vertebral canal
which houses the spinal cord

C. Processes

1. Spinous process: projects posteriorly at the junction of the two laminae

2. Transverse processes (two): project laterally at the junction of each
pedicle and lamina

8. Superior and inferior articular processes (two of each): project supe-
riorly and inferiorly, respectively, at the junction of each pedicle and
lamina
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II. Regional Features of Vertebrae
A. Cervical vertebrae (seven)
1. Bodies: small

2. Spinous processes: those of vertebrae C2 to C5 are short and bifid; ver-
tebra C7 has a long, palpable spinous process, and is thus known as the
vertebra prominens

3. Transverse processes

a. Perforated by transverse foramina; those of the upper six cervical
vertebrae transmit the vertebral arteries

b. Derived from two embryonic sources

1. The posterior portion of a transverse process is the true trans-
verse process; it ends in a posterior tubercle

2. The anterior portion of a transverse process is the costal compo-
nent and represents a rudimentary rib that has fused to the true
transverse process; it ends in an anterior tubercle

a. The costal component of the transverse process of vertebra
C7 occasionally fails to fuse with its posterior portion and
forms a cervical rib

b. The large anterior tubercle of the transverse process of ver-
tebra C6 is sometimes called the carotid tubercle because the
common carotid artery crosses it and can be easily compressed
against it

¢. The sulcus for a spinal nerve lies between the anterior and
posterior tubercles

4. Articular processes: the articular surfaces of superior articular processes
face posteriorly and superiorly; articular surfaces of inferior articular
processes face anteriorly and inferiorly, thus, there is a tendency for lat-
eral flexion to occur simultaneously with rotation (flexion and exten-
sion also occur at these joints)

5. Atlas
a. Consists of an anterior and posterior arch; it has no body

b. The anterior arch has a facet for articulation with the dens on its
posterior surface and the posterior arch has a posterior tubercle on
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its posterior surface (there is no spinous process); the sulcus for the
vertebral artery grooves the superior surface of the posterior arch
posterior to the superior articular surface

6. Axis: the dens or odontoid process is a toothlike extension of bone that
projects superiorly from the body of the axis

B. Thoracic vertebrae (twelve)

1. Bodies: posterolaterally, they bear costal fovea (facets) for articulation
with the heads of ribs, which usually articulate with the vertebral body
of their segmental origin and the body of the adjacent superior vertebra
(and the intervening intervertebral disc)

2. Spinous processes: usually point inferiorly

3. Transverse processes: usually bear costal fovea for articulation with the
tubercles of ribs of the same segmental origin

4. Movements of the thoracic vertebrae are restricted by the articulation
of the ribs to the sternum

C. Lumbar vertebrae (five)
1. Bodies: large

2. Articular processes: the articular surfaces approximate a sagittal plane,
and thus permit a substantial amount of flexion and extension, however,
little rotation is allowed; the articular surfaces of the inferior articular
processes of vertebra L5 and the superior articular processes of verte-
bra S1 are more coronally placed, and thus prevent forward displace-
ment of vertebra L5 (and the entire upper part of the human body) on
the sloping superior surface of the sacrum

D. Sacrum

1. Triangular bone formed by the fusion of the five sacral vertebrae; its
ventral surface faces inferiorly

2. Promontory: anteriorly projecting edge of the superior surface of the
body of vertebra S1

3. Alae: lateral, winglike extensions on each side of the body of vertebra S1

4. Auricular surfaces: lateral, ear-shaped, articular regions that form syn-
ovial sacroiliac joints with the auricular surfaces of the ilia
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. Sacral canal: central canal transmitting the dorsal and ventral roots of

spinal nerves S1 to S5 and the coccygeal spinal nerve

. Ventral and dorsal sacral foramina (four pairs of each): apertures that trans-

mit the ventral and dorsal rami of spinal nerves S1 to S4, respectively

E. Coccyx: small, triangular bone formed by three to five rudimentary coc-
cygeal vertebrae; may occur in two or three separate parts

II1. Articulations of the Vertebral Column

A. Synovial joints

1. Atlanto-occipital joints: oblong joints between the convex occipital

condyles of the skull and the reciprocally concave superior articular sur-
faces of the atlas; allow flexion and extension of the head, but not rotation

. Median atlantoaxial joints: an anterior joint lies between the dens of the

axis and the articular facet on the posterior surface of the anterior arch
of the atlas, and a posterior joint lies between the dens and the trans-
verse ligament of the atlas; they permit rotation of the head and atlas on
the axis

. Facet (zygapophyseal) joints: between superior and inferior articular

processes of adjacent vertebrae; provide for varying degrees of flexion,
extension, lateral flexion, and rotation

B. Fibrous joints

. Supraspinous (supraspinal) ligament: courses along the tips of the spinous

processes; in the cervical region it is represented by the ligamentum
nuchae, a median connective tissue septum separating the posterior neck
muscles of each side

. Interspinous (interspinal) ligaments: extend between adjacent spinous

processes

. Ligamenta flava: paired elastic ligaments between laminae of adjacent

vertebrae; between the posterior arch of the atlas and the posterior
margin of the foramen magnum of the skull, they are represented by the
posterior atlanto-occipital membrane

. Intertransverse ligaments: extend between adjacent transverse processes

. Anterior longitudinal ligament: runs the length of the vertebral column

along the anterior surfaces of vertebral bodies and intervertebral discs;
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superiorly, it provides a narrow midline reinforcement for the anterior
atlanto-occipital membrane, a fibrous band extending between the an-
terior arch of the atlas and the anterior margin of foramen magnum

6. Posterior longitudinal ligament: runs the length of the vertebral canal
along the posterior surfaces of vertebral bodies and intervertebral discs

7. The ligamenta flava and the supraspinous, interspinous, intertransverse,
and posterior longitudinal ligaments limit flexion of the vertebral col-
umn; the anterior longitudinal ligament limits extension of the verte-
bral column

C. Fibrocartilaginous joints (symphyses): intervertebral discs
1. Components

a. Anulus fibrosus: outer, fibrocartilaginous portion; composed of
concentric layers of fibers that insert superiorly and inferiorly
into the articular cartilage plates covering the bodies of adjacent
vertebrae

b. Nucleus pulposus: central, mucoid portion encased by the anulus
fibrosus as well as by the articular cartilage plates covering the bodies
of adjacent vertebrae; serves as a shock absorber

c. Clinical note: dehydration of an intervertebral disc, especially its
nucleus pulposus, occurs after middle age; since the intervertebral
discs account for about a quarter of the length of the vertebral col-
umn, a significant loss in height is often observed after middle age

2. Permit a slight tilting movement in any direction between two adjacent
vertebrae (there is no intervertebral disc between the atlas and axis); the
total movement provided by all of the intervertebral discs results in a
substantial mobility of the vertebral column as a whole

3. Clinical notes: herniated intervertebral disc

a. The posterior part of the anulus fibrosus may undergo degenera-
tive changes and tear; the nucleus pulposus may herniate through
the tear

b. A herniated nucleus pulposus usually protrudes lateral to the poste-
rior longitudinal ligament and may impinge on an exiting spinal
nerve; intervertebral discs below vertebrae L4 and L5 are subjected
to the greatest compressive forces and are particularly prone to
herniation
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c. Occasionally, the nucleus pulposus will herniate into a vertebral body
through a defect in the articular cartilage plate covering its supe-
rior or inferior surface; the herniated structure is known as a Schmorl

body

IV. Curvatures of the Vertebral Column

A. The vertebral column of the embryo forms an anteriorly-concave, C-shaped
curve; it is called the primary curve and remains in the adult in the tho-
racic and sacral regions

B. Following birth, the cervical and lumbar curves of the vertebral column begin
to reverse themselves and form posteriorly-concave, secondary curves; the
secondary curve of the cervical region develops when the infant begins to
hold up its head, and the secondary curve of the lumbar region develops when
the infant begins to walk

C. Clinical note: abnormal curvatures of the vertebral column include kyphosis,
an exaggeration of the thoracic curve, lordosis, an exaggeration of the lum-
bar curve, and scoliosls, a lateral deviation of the vertebral column; a lordosis
commonly occurs during the latter part of a pregnancy as a means of com-
pensating for the additional, anteriorly-placed weight of the fetus
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The Muscles of the Back

I. Fasciae
A. Superficial fascia: fibrous and tough
B. Deep (thoracolumbar) fascia

1. Thin in the thoracic region; in the lumbar region it is thick and consists
of a posterior and an anterior layer as noted below

2. Posterior layer: lies posterior to the deep back muscles; attaches medi-
ally to the spinous processes of lumbar vertebrae and gives origin to the
latissimus dorsi

3. Anterior layer: lies anterior to the deep back muscles, attaching medi-
ally to the transverse processes of lumbar vertebrae; fuses with the pos-
terior layer lateral to the deep back muscles, forming a fascial sheet which
provides origin for the transversus abdominis and internal abdominal
oblique muscles

I1. Superficial Back Muscles
A. Involved in movements of the scapula, shoulder, head, and neck

B. Trapezius

1. Origin: medial part of the superior nuchal line, external occipital protu-
berance, ligamentum nuchae, and spinous processes of thoracic vertebrae

2. Insertion: superior fibers—lateral clavicle; middle fibers—acromion and
spine of the scapula; inferior fibers—base of the spine of the scapula
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3.

4.

Action: superior fibers—extension of the head and neck and upward
rotation, retraction, and elevation of the scapula; middle fibers—retrac-
tion of the scapula; inferior fibers—upward rotation, retraction, and
depression of the scapula (movements of the scapula are described on
p- 304)

Innervation: accessory nerve; descends on the deep surface of the trape-
zius with the superficial branches of the transverse cervical vessels

C. Latissimus dorsi

4.

1.

. Origin: spinous processes of the inferior six thoracic vertebrae, spinous

processes of the lumbar vertebrae (via the posterior layer of the thora-
columbar fascia), and the iliac crest

. Insertion: intertubercular sulcus of the humerus

Action: adduction, medial rotation, and extension of the shoulder (move-
ments of the shoulder are described on p. 315)

Innervation: thoracodorsal (middle subscapular) nerve

Levator scapulae

Origin: transverse processes of the atlas and axis and the posterior
tubercles of the transverse processes of C3 and C4

. Insertion: medial border of the scapula, superior to the base of the

spine

Action: downward rotation, retraction, and elevation of the scapula

. Innervation: ventral rami of spinal nerves C3 and C4, and a branch from

the dorsal scapular nerve

E. Rhomboideus minor

. Origin: inferior part of the ligamentum nuchae and the spinous process

of T1
Insertion: medial border of the scapula, at the base of the spine
Action: downward rotation, retraction, and elevation of the scapula

Innervation: dorsal scapular nerve

. May be fused with rhomboideus major
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F. Rhomboideus major

1.

2.

Origin: spinous processes of T2 to T5

Insertion: medial border of the scapula, inferior to the base of the spine

. Action: downward rotation, retraction, and elevation of the scapula

Innervation: dorsal scapular nerve; the thin dorsal scapular nerve de-
scends on the deep surfaces of the levator scapulae, rhomboideus minor,
and rhomboideus major near the medial border of the scapula, accom-
panied by the deep branches of the transverse cervical vessels

Clinical note: the medial border of rhomboideus major, the superior
border of latissimus dorsi, and the inferior border of trapezius form the
triangle of auscultation; heart and lung sounds can be heard more clearly
through this thinner region of the thoracic wall

III. Intermediate Back Muscles

A. Assist in inspiration

B. Serratus posterior superior

4.

. Origin: inferior part of the ligamentum nuchae and the spinous processes

of T1 and T2

. Insertion: ribs two to five

. Action: elevation of ribs two to five

Innervation: ventral rami of spinal nerves T2 to T5

C. Serratus posterior inferior

1.

2.

3.

4.

Origin: spinous processes of T'11 to L2
Insertion: ribs nine to twelve
Action: fixation of ribs nine to twelve during contraction of the diaphragm

Innervation: ventral rami of spinal nerves T9 to T12

IV. Deep Back Muscles

A. Involved in movements of the vertebral column, head, and neck
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From superficial to deep, they are the splenius, erector spinae, and trans-
versospinalis muscles; the distinctive orientation of their muscle fibers is
noted below

1. Splenius muscles: fibers originate along the posterior midline and as-
cend laterally to their insertion

2. Erector spinae muscles: fibers course vertically from their origin to
insertion

3. Transversospinalis muscles: fibers originate from transverse processes
and ascend medially to spinous processes

. Splenius muscles

1. Splenius capitis

a. Origin: inferior half of the ligamentum nuchae and the spinous pro-
cesses of T1 to TS

b. Insertion: lateral part of the superior nuchal line and mastoid process
2. Splenius cervicis

a. Origin: spinous processes of T4 to T'6

b. Insertion: transverse processes of C1 to C3

3. Action: extension and lateral flexion of the head and neck; rotation of
the head and neck to the same side

. Erector spinae

1. Origin: iliac crest, sacrum, spinous processes of lumbar vertebrae, and
spinous processes of the inferior six thoracic vertebrae

2. Insertion
a. As the erector spinae ascends, it splits into three muscle columns;
from lateral to medial, they are the iliocostalis, longissimus, and
spinalis muscles, which insert as noted below

b. Iliocostalis: angles of the ribs

c. Longissimus: transverse processes of thoracic and cervical vertebrae;
longissimus capitis inserts on the mastoid process

d. Spinalis: spinous processes of T'1 to T6
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8. Action: extension and lateral flexion of the vertebral column; longissimus
capitis extends the head and neck and rotates the head and neck to the
same side

E. Transversospinalis

1. Origin: transverse processes

2. Insertion: spinous processes

3. Three component muscles span the length of the vertebral column, each
varying in fiber length, with the longest muscle lying most superficially;
from superficial to deep, the component muscles are the semispinalis,
multifidus, and rotatores

a. Semispinalis
1. Fibers span six vertebrae
2. Exception: semispinalis capitis
a. Origin: transverse processes of C7 to T7
b. Insertion: between the superior and inferior nuchal lines
¢. Action: extension of the head and neck
b. Multifidus: fibers span four vertebrae

c. Rotatores: fibers span two or three vertebrae

4. Action: extension of the vertebral column; rotation of the vertebral col-
umn to the opposite side

F. Innervation: dorsal rami of spinal nerves

G. Interspinales and intertransversarii: small muscles between adjacent
spinous processes and adjacent transverse processes, respectively

V. Suboccipital Muscles
A. Involved in movements of the head; located deep to semispinalis capitis
B. Obliquus capitis inferior

1. Origin: spinous process of the axis
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2. Insertion: transverse process of the atlas

3. Action: rotation of the head to the same side

. Obliquus capitis superior

1. Origin: transverse process of the atlas

2. Insertion: between the superior and inferior nuchal lines, deep to semi-
spinalis capitis

3. Action: extension and lateral flexion of the head

. Rectus capitis posterior major

1. Origin: spinous process of the axis
2. Insertion: Jateral part of the inferior nuchal line

3. Action: extension of the head and rotation of the head to the same side

. Rectus capitis posterior minor

1. Origin: posterior tubercle of the atlas
2. Insertion: medial part of the inferior nuchal line
3. Action: extension of the head

Innervation: suboccipital nerve (dorsal ramus of the first cervical spinal nerve)

. Suboccipital triangle

1. Boundaries
a. Medial: rectus capitis posterior major
b. Lateral: obliquus capitis superior
c. Inferior: obliquus capitis inferior
2. Contents
a. Vertebral artery

1. Ascends through the transverse foramina of the upper six cervical
vertebrae; courses medially in the sulcus for the vertebral artery
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(on the posterior arch of the atlas), deep within the suboccipital
triangle

2. Penetrates the posterior atlanto-occipital membrane and enters
the skull through foramen magnum; gives rise to branches that
supply the brain and spinal cord

b. Suboccipital nerve: pierces the posterior atlanto-occipital membrane
and emerges into the suboccipital triangle between the vertebral
artery and posterior arch of the atlas; innervates the suboccipital
muscles

3. Greater occipital nerve (dorsal ramus of the second cervical spinal nerve):
emerges along the inferior border of obliquus capitis inferior, ascends
superficial to the suboccipital triangle, and pierces the semispinalis
capitis; emerges through the trapezius inferolateral to the external
occipital protuberance and ascends on the back of the head with the
occipital artery to provide sensory innervation to the scalp
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The Meninges and Spinal Cord

I. Meninges

A. The spinal cord is enclosed within three meningeal sheaths; from super-
ficial to deep, they are the dura mater, arachnoid, and pia mater

B. Dura mater

1. Tube of dense connective tissue; superiorly, it is continuous with the
cranial dura mater at the foramen magnum and, inferiorly, it is closed,
ending blindly at vertebra S2

2. Epidural space

a. Located between the dura mater and the wall of the vertebral canal;
contains loose fatty connective tissue and the internal vertebral
venous plexus

b. Clinical note: the internal vertebral venous plexus drains the verte-
bral column and spinal cord, and anastomoses with intracranial dural
venous sinuses through foramen magnum and with the external
vertebral venous plexus through intervertebral foramina; the exter-
nal vertebral venous plexus, in turn, anastomoses with veins of the
thorax, abdomen, and pelvis—this system of interconnecting venous
channels commonly serves as a conduit for the widespread disper-
sion of metastatic cancer

C. Arachnoid

1. Translucent connective tissue membrane deep to the dura mater; from
its deep surface, delicate connective tissue strands traverse the subarach-
noid space and merge with the pia mater covering the spinal cord
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2. Subarachnoid space

a. Space between the arachnoid and pia mater; filled with cerebrospi-
nal fluid (CSF)

b. Since the spinal cord ends at vertebra 1.1, and the arachnoid extends
with the dura mater to vertebra S2, the subarachnoid space is ex-
pansive between vertebrae L1 and S2, and called the lumbar cistern

1. The lumbar cistern contains the dorsal and ventral roots of spinal
nerves which exit the vertebral canal below the end of the spinal
cord; the appearance of these roots is likened to a horse’s tail, and
thus they are collectively known as the cauda equina

2. Clinical note: a needle can be inserted between laminae of adja-
cent lower lumbar vertebrae and into the lumbar cistern without
risk of injury to the spinal cord; this procedure is known as a lum-
bar puncture

D. Pia mater

1. Microscopic, connective tissue layer intimately bound to the surface of
the spinal cord

2. Denticulate ligaments

a. Two flattened bands of pia-derived connective tissue that extend lat-
erally from each side of the spinal cord

b. Along their lateral margins, 21 pointed projections extend laterally,
penetrate the arachnoid between exiting spinal nerves, and secure
the spinal cord to the dura mater

3. From the inferior tip of the spinal cord, a tough, silvery-white, pia-derived
thread, the filum terminale, descends through the lumbar cistern; it
emerges from the tip of the dural sac and attaches to the coccyx

E. The dura mater and arachnoid extend laterally around exiting dorsal and
ventral roots, forming a sleeve that becomes continuous with the connec-
tive tissue covering of the spinal nerve

II. Spinal Cord

A. Spinal nerves

1. Thirty-one pairs: eight cervical, twelve thoracic, five lumbar, five sac-
ral, and one coccygeal
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2. Tiny dorsal and ventral rootlets arise along the length of a spinal cord
segment and unite to form a dorsal and a ventral root of a spinal nerve;
the dorsal root exhibits a swelling, the spinal (dorsal root) ganglion,
which contains cell bodies of sensory neurons

3. A dorsal and a ventral root fuse within an intervertebral foramen to form
a spinal nerve, which divides almost immediately into a dorsal and a
ventral ramus (do not confuse a root with a ramus); dorsal rami supply
the deep muscles of the back and the overlying skin, whereas ventral rami
supply the muscles and skin of the neck, limbs, and trunk

4. Except for spinal nerve C8, which exits the intervertebral foramen below
vertebra C7, cervical spinal nerves exit the vertebral canal above their
respective vertebrae; in contrast, thoracic, lumbar, sacral, and coccygeal
spinal nerves exit below their respective vertebrae

5. Intervertebral foramen

a. The superior and inferior vertebral notches of pedicles of adjacent
vertebrae form the inferior and superior borders of an intervertebral
foramen, respectively

b. Anintervertebral foramen is bordered anteriorly by a vertebral body
superiorly, and an intervertebral disc inferiorly; posteriorly, it is
bounded by the inferior and superior articular processes of adjacent
vertebrae and their associated facet joint

c. Clinical notes

1. Narrowing of an intervertebral foramen, perhaps as the result of
a bony outgrowth or exostosis, may compress the exiting spinal
nerve and produce pain

2. A spinal nerve traverses the superior portion of an interverte-
bral foramen, in relation to the vertebral body and superior to
the intervertebral disc; consequently, the spinal nerve exiting
the intervertebral foramen at the level of the herniated disc is
usually not compressed, however, the spinal nerve roots exit-
ing the intervertebral foramen immediately below the herniated
disc may be compressed

B. Regions

1. Cervical enlargement: occurs at spinal cord levels C5 to T'1 where there
are massive numbers of neurons responsible for the innervation of the
upper limbs

2. Lumbar enlargement: occurs at spinal cord levels L2 to S4 where there
are massive numbers of neurons responsible for the innervation of the
lower limbs
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8. Conus medullaris

a.

Tapered end of the spinal cord; lies at the level of vertebra L1 in the
adult and at the level of vertebra 1.3 in the newborn

The discrepancy between the position of a spinal cord segment and
its corresponding vertebra results because a spinal cord segment is
not as long as a vertebral segment; thus, the further the spinal cord
is traced caudally, the greater the discrepancy

Clinical note: a lesion of a particular vertebra may affect a different
segment (or segments) of the spinal cord; for example, lumbar spi-
nal cord segments are on a level with the bodies of vertebrae T11
and T'12 and sacral spinal cord segments are on a level with the body
of vertebra L1

C. Internal organization

1. Neuron cell bodies are concentrated in a central, butterfly-shaped mass
called the gray matter; the ventral and dorsal parts of the “wings” of the
gray matter are called the ventral and dorsal horns, respectively

a.

b.

Neuron cell bodies within a dorsal horn receive sensory impulses
brought in by a dorsal root; a ventral horn contains motor neuron
cell bodies whose axons exit the spinal cord in a ventral root and
innervate skeletal muscle

Alateral horn extends laterally between the dorsal and ventral horns
at spinal cord levels T'1 to L2 and S2 to S4; it contains cell bodies of
preganglionic autonomic neurons whose axons exit the spinal cord
in a ventral root and innervate smooth muscle, cardiac muscle, and
glands

2. Myelinated axons located peripheral to the gray matter form the white
matter

D. Vessels

1. The spinal cord is supplied by an anterior spinal artery and two poste-
rior spinal arteries derived from the vertebral arteries within the skull;
as they descend on the spinal cord, they are augmented by arteries that
pass through the intervertebral foramina

2. Corresponding veins drain into the internal vertebral venous plexus
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The Thoracic Wall

I. Bones and Bony L.andmarks

A. Thoracic vertebrae (twelve)

1. Bodies: posterolaterally, they bear costal fovea for articulation with the
heads of ribs

2. Transverse processes: usually bear costal fovea for articulation with the
tubercles of ribs

B. Ribs
1. Twelve pairs

a. The costal cartilages of the upper seven rib pairs articulate with the
sternum at synovial sternocostal joints

b. The lower five rib pairs do not articulate with the sternum
1. The eighth, ninth, and tenth rib pairs articulate anteriorly with
the costal cartilages of the adjacent superior rib pair at synovial

interchondral joints

2. The short eleventh and twelfth rib pairs are called “floating” ribs
because they do not articulate anteriorly

c. Eleven intercostal spaces separate the ribs; they are numbered ac-
cording to the bordering superior rib
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2. Typical rib

a. Head: posterior, expanded end; typically articulates at a synovial
costovertebral joint with the body of the correspondingly numbered
thoracic vertebra, the body of the adjacent superior vertebra, and
their intervening intervertebral disc

b. Neck: located between the head and tubercle

c. Tubercle: posterior enlargement at the junction of the neck and body;
forms a synovial costotransverse joint with the transverse process
of the correspondingly numbered thoracic vertebra

d. Body

1. Extends from the tubercle to the anterior end of the rib; rounded
along its superior border and thin along its inferior border, where
it exhibits a recess, the costal groove, on its inner surface

2. A short distance lateral to the tubercle, the body bends sharply
anteriorly; this point is termed the angle of the rib

3. Atypical ribs
a. First rib
1. Broad, short, flat, and highly curved

2. At about midshaft, its superior surface is marked by a slight pro-
Jection, the tubercle for the scalenus anterior muscle; anterior and
posterior to the tubercle are the grooves for the subclavian vein
and subclavian artery, respectively

b. Eleventh and twelfth rib pairs: they lack tubercles and, consequently,
do not participate in costotransverse articulations

4. Costal arch: anteroinferior concavity of the thorax formed by the costal
margins of each side; bordered by the costal cartilages of rib pairs seven
through ten

C. Sternum

1. A tripartite, sword-shaped bone in the midline of the anterior thoracic
wall; its three parts are noted below

2. Manubrium

a. Wide, superior, handlelike part; the jugular (suprasternal) notch is
its superior concave margin
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b. On each side of the jugular notch, clavicular notches receive the
sternal ends of the clavicles to form synovial sternoclavicular joints;
inferior to the clavicular notches are costal notches that receive the
costal cartilages of the first rib pair

¢. The symphysial manubriosternal joint between the manubrium and
body forms a forward-projecting, palpable ridge, the sternal angle;
it is on a level with the sternocostal joints of the second rib pair (and
the fourth thoracic vertebra posteriorly)

3. Body

a. Middle part of the sternum composed of four fused segments called
sternebrae; lateral margins have costal notches for sternocostal joints

b. Clinical note: the body of the sternum is a common site for obtain-
ing bone marrow by needle biopsy

4. Xiphoid process: inferior, pointed process of the sternum; the symphysial
xiphisternal joint between the body and xiphoid process is on a level with
the sternocostal joints of the seventh rib pair (and the tenth thoracic
vertebra posteriorly)

D. Thoracic apertures

1. Superior thoracic aperture: opening bounded by the manubrium, the first
rib pair, and the first thoracic vertebra

2. Inferior thoracic aperture: opening bounded by the costal arch, rib pairs
eleven and twelve, and the twelfth thoracic vertebra

I1. Pectoral Region
A. Superficial fascia

1. Superiorly, it contains the inferior part of a thin, sheetlike muscle in the
neck, the platysma

2. Cutaneous nerves

a. Intercostal nerves: lateral and anterior cutaneous branches of the
upper six intercostal nerves (ventral rami of spinal nerves T'1 to T6)
supply the pectoral region; the lateral cutaneous branch of the sec-
ond intercostal nerve may also supply the skin of the upper medial
arm and is then called the intercostobrachial nerve
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b. Supraclavicular nerves: derived from ventral rami of spinal nerves
C3 and C4; descend deep to the platysma to supplement the inner-
vation to the superior part of the pectoral region

3. Cephalic vein: ascends along the anterolateral aspect of the arm,; passes
through the deltopectoral triangle between the deltoid, pectoralis major,
and clavicle, and then courses deep to pectoralis major to drain into the
axillary vein

4. Breast
a. Glandular tissue

1. Embedded in the fat and connective tissue of the superficial fas-
cia of the pectoral region

2. Extends from the second to the sixth rib and from the sternum
to the midaxillary line; a portion of the glandular tissue extends
toward the armpit or axilla and is called the axillary tail

3. Composed of about 15 lobes; each lobe drains into an expanded lac-
tiferous sinus whose associated lactiferous duct opens on the nipple

4. Clinical note: after menopause, the glandular tissue decreases or
disappears and is replaced by fat and connective tissue

b. The superficial fascia of the breast has a deep membranous layer

1. Between the deep membranous layer of the superficial fascia and
the deep fascia covering the pectoralis major lies a retromammary
space filled with loose connective tissue; this loose connective
tissue provides for significant mobility of the breast on the ante-
rior thoracic wall

2. Clinical note: loss of mobility or fixation of the breast may result
following extension of carcinoma of the breast into the retro-
mammary space and underlying muscles

c. Suspensory ligaments (of Cooper)

1. Supportive connective tissue bands within the superficial fascia;

they extend from the membranous layer of the superficial fascia

to the skin of the breast

2. Clinical note: carcinoma of the breast may produce fibrosis and
shortening of the suspensory ligaments; this, in turn, may pro-
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duce a characteristic orange-peel dimpling of the skin of the
breast

d. Nipple: cylindrical projection at the level of the fourth intercostal
space in the male and more inferiorly in the female; the areola is the
pigmented skin surrounding the nipple

e. Vessels

1. Perforating branches of the internal thoracic artery, anterior and
posterior intercostal arteries, and the lateral thoracic artery sup-
ply the breast; veins accompany their corresponding arteries

2. Most lymphatic drainage is to lymph nodes within the axilla; some
lymphatics follow the perforating branches of the internal tho-
racic artery and drain to parasternal nodes along the internal
thoracic artery (some lymphatics may cross the midline)

3. Clinical note: anastomoses between the posterior intercostal
veins and vertebral venous plexuses provide a route for meta-
stasis of carcinoma of the breast to the vertebrae, spinal cord,
and brain; carcinoma of the breast also metastasizes by way of
lymphatics

B. Deep fascia

1. Envelops the muscles of the pectoral region, covering their superficial
and deep surfaces

2. Clavipectoral fascia
a. Deep fascia ensheathing pectoralis minor
b. Extends from the medial border of pectoralis minor to the clavicle,
enclosing the subclavius muscle; pierced superiorly by the cephalic
vein, lateral pectoral nerve, and thoracoacromial vessels
c. Extends from the lateral border of pectoralis minor to the deep fas-
cia forming the floor of the axilla; this portion of the clavipectoral

fascia produces the hollow of the armpit when the arm is abducted
and is sometimes called the suspensory ligament of the axilla

C. Muscles
1. Pectoralis major

a. Origin: medial clavicle, sternum, and the upper six costal cartilages
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d.

Insertion: crest of the greater tubercle of the humerus

. Action: medial rotation, adduction, flexion (clavicular part), and ex-

tension (sternocostal part) of the shoulder (movements of the shoul-
der are described on p. 315)

Innervation: medial and lateral pectoral nerves

2. Pectoralis minor

a.

b.

C.

d.

Origin: third to fifth ribs, near their costochondral junctions
Insertion: coracoid process

Action: downward rotation, protraction, and depression of the scapula
(movements of the scapula are described on p. 304)

Innervation: medial and lateral pectoral nerves

3. Subclavius

a.

b.

Origin: first rib, near its costochondral junction

Insertion: groove for the subclavius muscle on the inferior surface
of the clavicle near midshaft

Action: helps prevent upward dislocation of the sternoclavicular joint
Innervation: nerve to the subclavius
Clinical note: the subclavius may protect the subjacent subclavian

vessels and brachial plexus from the sharp, splintered ends of a frac-
tured clavicle

4. Serratus anterior

a.

b.

Origin: upper nine ribs
Insertion: costal surface of the scapula, along the medial border

Action: upward rotation, protraction, and depression (lower fibers
only) of the scapula

Innervation: long thoracic nerve

Clinical note: paralysis of serratus anterior, perhaps following injury
to the long thoracic nerve while excising axillary lymph nodes dur-
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ing a mastectomy, is characterized by winging of the scapula, where
the medial border stands away from the thoracic wall; also, in the
absence of the upward rotation of the scapula provided by serratus
anterior, the affected individual is unable to abduct the arm above
the horizontal

D. Nerves

1. Lateral pectoral nerve: branches from the lateral cord of the brachial
plexus, hence its name, notwithstanding its medial position on the tho-
racic wall relative to the medial pectoral nerve; sends a branch to
pectoralis minor, pierces the clavipectoral fascia medial to pectoralis
minor, and ends in pectoralis major

2. Medial pectoral nerve: branches from the medial cord of the brachial
plexus, hence its name; supplies pectoralis minor as it pierces it and then
ends in pectoralis major

8. Nerve to the subclavius: branches from the superior trunk of the bra-
chial plexus; innervates subclavius

4. Long thoracic nerve: formed by contributions from ventral rami of spinal
nerves C5, 6, and 7; descends on serratus anterior, innervating it

E. Vessels

1. Superior (supreme) thoracic artery: small branch from the proximal part
of the axillary artery; supplies the superior part of the pectoral region

2. Thoracoacromial artery

a. Arises from the axillary artery posterior to pectoralis minor; emerges
through the clavipectoral fascia medial to pectoralis minor and, deep
to pectoralis major, gives rise to the four branches noted below

b. Clavicular branch—courses medially, inferior to the clavicle; pecto-
ral branch—descends on the deep surface of pectoralis major; del-
toid branch—courses laterally and emerges from the deltopectoral
triangle; acromial branch—courses toward the acromion, deep to the
deltoid

3. Lateral thoracic artery: arises from the axillary artery posterior to pectoralis
minor, distal to the origin of the thoracoacromial artery; descends on the
lateral thoracic wall near the lateral border of pectoralis minor

4. Veins: course with their respective arteries and drain into the axillary
vein
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II1. Intercostal Spaces

A. Muscles

1. Each intercostal space contains, from superficial to deep, an external
intercostal, internal intercostal, and innermost intercostal muscle

2. External intercostal muscle
a. Extends from the tubercles of adjacent ribs to their costochondral
Junctions; an external intercostal membrane continues from the an-
terior end of the muscle to the sternum
b. On the posterior thoracic wall their fibers run inferiorly and later-
ally; on the anterior thoracic wall their fibers run inferiorly and
medially

3. Internal intercostal muscle

a. Extends from the angles of adjacent ribs to the sternum; anteriorly,
lateral to the sternum, it is visible through the external intercostal
membrane and, posteriorly, an internal intercostal membrane ex-
tends from the angles of adjacent ribs to the vertebral column

b. Fibers run perpendicular to those of the external intercostal muscle
4. Innermost intercostal muscle
a. Occupies about the middle third of an intercostal space
b. Its fibers run in the same direction as those of the internal intercos-
tal muscle and are distinguished from them by an intervening

neurovascular plane containing the intercostal nerve and vessels

¢. The innermost intercostal, subcostal, and transversus thoracis
muscles comprise the deepest muscle layer of the thoracic wall

1. The subcostal muscles span two intercostal spaces, attaching near
the angles of the ribs; their fibers run in the same direction as the
innermost and internal intercostals

2. Transversus thoracis muscle fibers extend from the postero-
inferior surface of the sternum to the costal cartilages of the second
to sixth ribs

5. Innervation: intercostal nerves

6. Action: assist in respiration

38 | THE THORAX




B. Intercostal nerves (ventral rami of spinal nerves T1 to T11)
1. Course

a. Anintercostal nerve courses laterally from an intervertebral foramen
and, near the angle of its respective rib, enters the neurovascular
plane between the innermost and internal intercostal muscles; as it
courses anteriorly within the costal groove, it gives off a lateral
cutaneous branch about midway along the intercostal space

b. The upper six intercostal nerves are confined to the thorax and ter-
minate as anterior cutaneous branches that emerge from the upper
six intercostal spaces lateral to the sternum

c. Intercostal nerves seven to eleven leave their intercostal spaces and
enter the anterior abdominal wall by descending deep to the costal
arch; they are sometimes called thoracoabdominal nerves

2. Function: innervate external intercostal, internal intercostal, innermost
intercostal, subcostal, and the transversus thoracis muscles; supply the
skin of the thorax, except for the skin of the medial part of the posterior
thorax, which is supplied by dorsal rami of spinal nerves

C. Vessels
1. Posterior intercostal arteries

a. Those for the first two intercostal spaces arise from the supreme
intercostal artery, a branch of the costocervical trunk, which is, in
turn, a branch of the subclavian artery; the remaining nine poste-
rior intercostal arteries arise from the thoracic aorta

b. Course in the costal grooves with a posterior intercostal vein above
and an intercostal nerve below; they anastomose anteriorly with
anterior intercostal arteries

2. Anterior intercostal arteries

a. Those for the upper six intercostal spaces course laterally from the
internal thoracic artery; the internal thoracic artery is a branch of
the subclavian artery which descends posterior to the costal cartilages
and anterior to the transversus thoracis muscle, about one centime-
ter lateral to the sternum

b. Near the sixth sternocostal joint the internal thoracic artery divides
into the musculophrenic and superior epigastric arteries

The Thoracic Wall | 39




40

1. The musculophrenic artery passes inferiorly and laterally, deep
to the costal margin and superficial to the costal attachment of
the diaphragm; it gives rise to the lower five anterior intercostal
arteries

2. The superior epigastric artery descends vertically into the ante-
rior abdominal wall, posterior to the rectus abdominis muscle

8. Perforating branches of the internal thoracic artery: emerge lateral to
the sternum accompanied by perforating veins of the internal thoracic
vein and anterior cutaneous branches of the upper six intercostal nerves

4. Posterior intercostal veins: right posterior intercostal veins drain mainly
into the azygos vein, which empties into the superior vena cava; left
posterior intercostal veins drain mainly into the hemiazygos and acces-
sory hemiazygos veins, which drain into the azygos vein

5. Anterior intercostal veins: drain into the musculophrenic and internal

thoracic veins; the musculophrenic vein drains into the internal thoracic
vein and the internal thoracic vein drains into the brachiocephalic vein
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The Lungs

I. Pleural Cavity

A. A slitlike, closed space surrounding each lung and lined by a serous mem-
brane called the pleura; contains a small amount of serous fluid that lubri-
cates the apposed moving surfaces of the visceral and parietal pleurae

B. Visceral pleura: lines the inner wall of the pleural cavity; covers the lobes
and root of the lung (a bilayered sheet of pleura called the pulmonary liga-
ment drapes from the root of the lung)

C. Parietal pleura

1. Lines the outer wall of the pleural cavity; it is divided into the four parts
noted below

2. Diaphragmatic pleura: covers the superior surface of the diaphragm

3. Mediastinal pleura: covers structures within the mediastinum, the region
between the two pleural cavities; it is continuous with the visceral pleura
that covers the root of the lung

4. Costal pleura: covers the inner surface of the thoracic wall; it is attached
to the thoracic wall by endothoracic fascia, the deep fascia covering the
inner surfaces of the deepest muscle layer of the thoracic wall

5. Cervical pleura (cupola): rounded, apical portion that projects into the
neck, superior to the first rib; the endothoracic fascia associated with the
cervical pleura is called the suprapleural membrane (Sibson’s fascia), a
thickened, tentlike structure which extends from the transverse process
of the seventh cervical vertebra to the inner border of the first rib
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D. Pleural recesses

1. Regions within the pleural cavities where parietal pleura doubles back
and contacts itself; the lungs expand into the pleural recesses only dur-
ing maximal inspiration

2. Costodiaphragmatic recess: deep gutter where the costal pleura reflects
onto the superior surface of the diaphragm to become diaphragmatic
pleura

3. Sternocostal (costomediastinal) recess: located behind the sternum where
costal pleura doubles back to become mediastinal pleura; sometimes it
is described only on the left side

E. Innervation and blood supply: the cervical and costal pleurae and the outer
portion of the diaphragmatic pleura are supplied by intercostal nerves and
vessels; the inner portion of the diaphragmatic pleura and the mediastinal
pleura are supplied by the phrenic nerve and its accompanying pericardiaco-
phrenic vessels, which are branches of the internal thoracic vessels (the
visceral pleura is supplied by the pulmonary and bronchial vessels; it has
no nerve supply)

F. Respiration
1. Inspiration

a. An increase in thoracic wall dimensions during inspiration gener-
ates a negative pressure within the pleural cavity, which brings about
expansion of the elastic lung

b. Approximately two-thirds of the increase in thoracic wall dimensions
is due to contraction and descent of the diaphragm; the remaining
increase is produced by movements of the ribs

2. Expiration: brought about by relaxation of the diaphragm and passive
contraction of the thoracic wall and lung; in forced expiration, such as
in sneezing, the muscles of the abdominal wall contract forcibly and push
the abdominal viscera and diaphragm superiorly

G. Clinical notes

1. Pneumothorax: condition in which a negative pressure cannot be gen-
erated within the pleural cavity because outside air enters the pleural
cavity through a defect in the parietal or visceral pleurae; may result from
a penetrating wound of the thoracic wall or rupture of an emphysema-
tous bulla
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2. Pleural tap: procedure involving the withdrawal of fluid from the pleu-
ral cavity; the needle should be inserted through an intercostal space
along the superior border of a rib, where there is minimal risk of injury
to the intercostal nerve and vessels

3. Pleurisy: inflammation of the pleura; since the parietal pleura is inner-
vated by somatic nerves, that is, the intercostal and phrenic nerves, it is
very sensitive to painful stimmuli (the visceral pleura is insensitive to pain)

II. External Anatomy of the Lungs

A. Surfaces

1. Costal surface: convex surface contacting the inner surface of the tho-
racic wall

2. Diaphragmatic surface: concave, inferior surface which contacts the dia-
phragm in deep inspiration

3. Mediastinal surface
a. Concave, medial surface contacting the mediastinum
b. Hilum

1. Central region on the mediastinal surface where structures within
the root of the lung enter and exit the lung

2. Within the hilum of both lungs, the pulmonary artery lies ante-
riorly and superiorly, and the pulmonary veins lie anteriorly and
inferiorly

8. Within the hilum of the left lung, the principal bronchus lies poste-
riorly; within the hilum of the right lung there are two bronchi, a
superior lobar or eparterial bronchus which lies superior and pos-
terior to the pulmonary artery, and an intermediate bronchus, which
is located posteriorly in the hilum (the intermediate bronchus subse-
quently divides into the middle and inferior lobar bronchi)

4. Bronchial vessels, autonomic nerves, and lymphatics also pass
through the hilum

c. Impressions

1. The heart produces deep cardiac impressions anterior to the hilum
of each lung, being especially pronounced on the left; posterior
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to the hilum, the right and left lungs are grooved by the esopha-
gus and thoracic aorta, respectively

2. Superior to the hilum, the right and left lungs are grooved by the
azygos vein and aortic arch, respectively

B. Borders

1. Inferior border: thin margin at the junction of the costal and diaphrag-
matic surfaces

2. Anterior border
a. Thin margin at the junction of the costal and mediastinal surfaces

b. The anterior border of the superior lobe of the left lung has a deep
indentation, the cardiac notch; the tonguelike portion of the supe-
rior lobe located between the cardiac notch and oblique fissure is
called the lingula

C. Fissures

1. Oblique fissures: commence posteriorly near the base of the spine of the
scapula and intersect the inferior border of the lung near the costo-
chondral junction of the sixth rib (posteriorly, the oblique fissures ap-
proximate the medial borders of the scapulae when the upper limbs are
raised vertically above the head); in the left lung, the oblique fissure
divides the superior from the inferior lobe and, in the right lung, the
oblique fissure divides the superior and middle lobes from the inferior
lobe

2. Horizontal fissure: diverges from the oblique fissure of the right lung
about halfway along the fourth intercostal space and intersects the an-

terior border of the lung at the level of the fourth rib; divides the supe-
rior lobe from the middle lobe

III. Trachea and Bronchi
A. Trachea
1. Descends into the thorax anterior to the esophagus
2. Itis a patent tube supported anteriorly and laterally by a series of horse-

shoe-shaped, cartilaginous bars united by ligaments; posteriorly, the
tracheal wall is completed by a musculofibrous membrane
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3. Bifurcates into the right and left principal bronchi posterior to the
ascending aorta, at about the level of the fifth thoracic vertebra; at its
bifurcation, an internal ridge, the carina, deviates to the left

B. Principal (main, primary) bronchi

1. Right principal bronchus

Wider than the left principal bronchus; diverges from the trachea at
an angle of about 25 degrees

The azygos vein arches from posterior to anterjor above the right
principal bronchus to enter the superior vena cava

2. Left principal bronchus: diverges from the trachea at an angle of about
45 degrees and passes through the aortic arch

3. Clinical note: because the right principal bronchus is wider and more
vertical than the left principal bronchus, and because the carina devi-
ates toward the left, inhaled foreign objects are more likely to lodge in
the right versus the left lung

C. Lobar (secondary) bronchi

1. Aerate the lobes of the lungs

2. In the right lung, there is a superior, a middle, and an inferior lobar
bronchus (the middle and inferior lobar bronchi arise from the interme-
diate bronchus); in the left lung, there is a superior and an inferior lobar
bronchus

D. Segmental (tertiary) bronchi

1. Aerate portions of the lobes called bronchopulmonary segments; the
names of the segmental bronchi of each lobar bronchus are listed below
(bronchopulmonary segments are similarly named)

a.

Right superior lobar bronchus: apical, posterior, and anterior seg-
mental bronchi

. Left superior lobar bronchus: apicoposterior (acrates the apical and

posterior bronchopulmonary segments), anterior, superior lingular,
and inferior lingular segmental bronchi

Right middle lobar bronchus: medial and lateral segmental bronchi

Right and left inferior lobar bronchi: superior, medial basal, lateral
basal, anterior basal, and posterior basal segmental bronchi (there
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is often a shared anterior-medial basal segmental bronchus in the
inferior lobe of the left lung that aerates the anterior basal and medial
basal bronchopulmonary segments)

2. Clinical note: after a segmental bronchus and its associated vessels are
secured and severed, a bronchopulmonary segment may be teased away
from the surrounding lung tissue with minimal blood loss; this surgical
procedure is called a segmental resection

IV. Vessels

]

A. Pulmonary arteries

1. Arise at the bifurcation of the pulmonary trunk within the concavity of
the aortic arch

2. Right pulmonary artery: courses laterally through the aortic arch; passes
posterior to the superior vena cava and anterior to the intermediate bron-
chus before entering the hilum

3. Left pulmonary artery: attached at its origin to the underside of the aortic
arch by a fibrous cord, the ligamentum arteriosum; courses anterior to
the left principal bronchus before entering the hilum

4. Pulmonary artery branches accompany the bronchi and are termed
intrasegmental

B. Pulmonary veins

1. The right superior pulmonary vein drains the right superior and middle
lobes, and the left superior pulmonary vein drains the left superior lobe;
the right and left inferior pulmonary veins drain their respective infe-
rior lobes

2. Within the lungs, the tributaries of pulmonary veins are described as
intersegmental because they course between the bronchi and at the
periphery of a bronchopulmonary segment; however, as they approach
the hilum, they course more closely with their respective bronchi

C. Bronchial vessels: one or more bronchial arteries from the thoracic aorta
enter the hilum of each lung to supply the bronchi and bronchioles; bron-
chial veins from the left and right lungs drain into the accessory hemiazygos
and azygos veins, respectively
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D. Lymphatics

1.

Pulmonary lymph nodes are located within the substance of the lung,
bronchopulmonary nodes lie near the hilum, tracheobronchial nodes
occur inferior to the tracheal bifurcation, and paratracheal nodes ascend
along the sides of the trachea

. Paratracheal lymphatics join parasternal lymphatics to form a broncho-

mediastinal trunk, which joins the thoracic duct on the left side and the
right lymphatic duct on the right side; lymphatic drainage of the lung is
to the same side, except for the inferior lobe of the left lung, which drains
to right paratracheal nodes

3. Clinical notes

a. Carbon particles inhaled by urban dwellers and smokers are taken
up by the lymphatics and lymph nodes of the lung, thus, their lungs
appear black instead of pink

b. Carcinoma of the lung metastasizes by way of the lymphatics

V. Pulmonary Plexus

A. Network of autonomic nerve fibers within the root of the lung, near the
hilum; from the pulmonary plexus, nerve fibers course within the lung on
bronchi, bronchioles, and blood vessels (see also The Autonomic Nervous
System, p. 65)

B. Fibers contributing to the pulmonary plexus

1.

Parasympathetic efferents: preganglionic vagal fibers pass through the
pulmonary plexus to synapse on postganglionic parasympathetic cell
bodies in the bronchial and bronchiolar walls; postganglionic parasym-
pathetic fibers function in bronchoconstriction

Sympathetic efferents: postganglionic sympathetic fibers derived from
medial branches of the upper four thoracic sympathetic ganglia pass
through the pulmonary plexus to supply bronchi, bronchioles, and blood
vessels; they function in bronchodilation and vasodilation

Parasympathetic afferents: leave the pulmonary plexus in the vagus nerves;
fibers detect stretch and mediate pain, and are involved in the stretch re-

flex, which inhibits inspiration, and the cough reflex, respectively

Sympathetic afferents: absent
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The Middle Mediastinum

1. Mediastinum

A.

Median region between the mediastinal pleurae of the two pleural sacs;
extends from the superior thoracic aperture to the diaphragm and from the
sternum to the thoracic vertebral bodies

Divisions

1. Superior mediastinum: extends from the superior thoracic aperture to
an imaginary transverse plane passing through the sternal angle ante-
riorly, and the lower border of the fourth thoracic vertebra posteriorly

2. Inferior mediastinum

a. Lies between the superior mediastinum and diaphragm,; it is subdi-
vided into the middle, anterior, and posterior mediastinum

b. Middle mediastinum: occupied by the pericardial sac, heart, and roots
of the great vessels, that is, the aorta, pulmonary trunk, superior vena
cava, inferior vena cava, and the four pulmonary veins

¢. Anterior mediastinum: lies between the pericardial sac and sternum;
contains the thymus, sternopericardial ligaments, parasternal lymph
nodes, internal thoracic vessels, and the transversus thoracis muscle

d. Posterior mediastinum: lies between the lower eight thoracic verte-
bral bodies and the pericardial sac superiorly, and the sloping, pos-
terior portion of the diaphragm inferiorly; its contents include the
esophagus, thoracic aorta, and thoracic duct
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I1. Pericardial Sac

A. Encloses the pericardial cavity and surrounds the heart and roots of the
great vessels; it is composed of a fibrous and serous pericardium

B. Fibrous pericardium

1. Tough, outer layer of the pericardial sac; limits distention of the peri-
cardial cavity

2. Inferiorly, it is fused to the diaphragm; anteriorly, it is attached to the
sternum by connective tissue condensations termed the sternopericardial
ligaments

C. Serous pericardium

1. Parietal layer: completely lines the inner aspect of the fibrous pericar-
dium, except for a narrow strip between the entrances of the inferior vena
cava, superior vena cava, and pulmonary veins; here, the parietal layer
reflects onto the roots of the great vessels and becomes the visceral layer
of the serous pericardium

2. Visceral layer (epicardium, visceral pericardium)

a. Serous membrane covering the roots of the great vessels, the myo-
cardium, and the blood vessels on the surface of the heart; the loose
connective tissue between the epicardium and myocardium may con-
tain large amounts of fat

b. Completely invests the surface of the heart, except for a narrow strip
between the entrances of the inferior vena cava, superior vena cava,
and pulmonary veins; here, the myocardium may contact the fibrous
pericardium

D. Pericardial cavity

1. Potential space between the visceral and parietal layers of the serous peri-
cardium; contains a small amount of serous fluid that lubricates the ap-
posed moving surfaces of the serous pericardium

2. Transverse pericardial sinus: passageway within the pericardial cavity
between the ascending aorta and pulmonary trunk anteriorly, and the
superior vena cava posteriorly; it is separated from the upper, blind end
of the oblique pericardial sinus by two layers of serous pericardium be-
tween the superior vena cava and left superior pulmonary vein

3. Oblique pericardial sinus: cul-de-sac posterior to the left atrium; bounded
by the inverted L-shaped reflection of the parietal layer of the serous
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pericardium to the visceral layer of the serous pericardium, where the
inferior vena cava, superior vena cava, and pulmonary veins enter the
heart

E. Innervation and blood supply: the fibrous pericardium and parietal layer of
the serous pericardium are supplied by the phrenic nerves and pericardiaco-
phrenic vessels; the visceral layer of the serous pericardium is supplied by
sympathetic and vagal afferents, and the coronary arteries and cardiac veins

F. Clinical note: accumulation of blood or serous fluid within the pericardial
sac results in a condition known as cardiac tamponade; since the fibrous
pericardium is relatively rigid, this condition can compress the atria and
prevent adequate filling

[1I. External Anatomy of the Heart

A. Hollow, muscular organ resembling a flattened cone whose rounded apex
points anteriorly and to the left and whose base faces posteriorly

B. Surfaces

1. Posterior surface (base): formed by the left atrium and part of the right
atrium

2. Diaphragmatic surface
a. Faces inferiorly, toward the diaphragm

b. Formed by the left ventricle and a narrow strip of the right ventricle
with the posterior interventricular sulcus intervening; the inferior
part of the coronary (atrioventricular) sulcus separates the posterior
and diaphragmatic surfaces (except for its interruption by the ascend-
ing aorta, the coronary sulcus completely encircles the heart between
the atria and ventricles) '

3. Sternocostal surface

a. Faces anteriorly, superiorly, and to the left; formed centrally by the
right ventricle with the right atrium and left ventricle on their re-
spective sides

b. The right ventricle is separated from the right atrium by the coro-
nary sulcus and from the left ventricle by the anterior interventricular
sulcus (the anterior and posterior interventricular sulci indicate the
position of the interventricular septum)
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4. Clinical note: the clinical base of the heart is the region where the pul-
monary trunk, aorta, and superior vena cava emerge from the heart; it
lies deep to the part of the sternum immediately below the sternal angle
and includes the adjacent portions of the second intercostal spaces—it
is a frequent site for inspection and auscultation

C. Borders

1. The right border of the heart is formed by the right atrium; the left bor-
der is formed mainly by the left ventricle with the left auricle most
superiorly

2. The inferior border of the heart is formed by the right ventricle and a
narrow portion of the left ventricle near the apex

3. Clinical note: in radiology, mediastinal, rather than cardiac borders, are
described; from superior to inferior, the right mediastinal border con-
sists of the superior vena cava, right atrium, and inferior vena cava, and
the left mediastinal border consists of the aortic arch (aortic knob, aortic
knuckle), pulmonary trunk, left auricle, and left ventricle

IV. Coronary Arteries and Cardiac Veins
A. Coronary arteries
1. Right coronary artery

a. Arises from the ascending aorta within the sinus of the right aortic
cusp, descends in the coronary sulcus between the right atrium and
right ventricle, curves around the right border of the heart, and
courses to the left in the coronary sulcus, between the posterior and
diaphragmatic surfaces of the heart; its branches are noted below

b. Sinuatrial nodal artery: arises near the origin of the right coronary
artery and encircles the superior vena cava posteriorly before emerg-
ing anteriorly to supply the sinuatrial node at the junction of the
superior vena cava and right atrium; often arises from the circum-
flex artery

c. Marginal artery: arises from the right coronary artery before it
curves around the right border of the heart; courses toward the apex,
superior to the inferior border of the heart

d. Posterior interventricular artery (posterior descending artery, PDA):

continuation of the right coronary artery after it leaves the coronary
sulcus and descends toward the apex in the posterior interventricu-
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lar sulcus; since the right coronary artery gives rise to the posterior
interventricular artery in about 85 percent of individuals, it is often
referred to as the “dominant” coronary artery (even though it sup-
plies less myocardium than the left coronary artery)

e. Clinical note: the sinuatrial node sets the heart rate and is thus called
the pacemaker of the heart; stenosis of the sinuatrial nodal artery may
result in ischemic injury to the sinuatrial node and cardiac arrythmia

2. Left coronary artery

a. Arises from the ascending aorta within the sinus of the left aortic
cusp; courses anteriorly between the pulmonary trunk and left au-
ricle, and bifurcates into the anterior interventricular (left anterior
descending, LAD) and circumflex arteries

b. Anterior interventricular artery: descends toward the apex in the an-
terior interventricular sulcus

c. Circumflex artery: curves around the left border of the heart in the
coronary sulcus; it may be the source of the posterior interventricu-
lar artery, in which case the left coronary artery would be the “domi-
nant” coronary artery

3. Clinical notes: coronary bypass surgery
a. The coronary arteries are common sites of occlusive atherosclerosis
b. Coronary bypass surgery involves the placement of a vascular graft
(usually harvested from a great saphenous vein or internal thoracic
artery) between the ascending aorta and a coronary artery, distal to
the site of potentially life-threatening occlusive atherosclerosis
B. Cardiac veins
1. Great cardiac vein
a. Ascends in the anterior interventricular sulcus adjacent to the ante-
rior interventricular artery; when it reaches the coronary sulcus, it

curves around the left border of the heart with the circumflex artery

b. After being joined by the oblique vein of the left atrium inferior to
the left pulmonary veins, it becomes the coronary sinus

2. Coronary sinus

a. Courses to the right in the coronary sulcus and empties into the right
atrium; its tributaries are noted below
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b. Middle cardiac vein: ascends in the posterior interventricular sul-
cus adjacent to the posterior interventricular artery; drains into the
coronary sinus near its entry into the right atrium

c. Small cardiac vein: courses with the marginal artery, and then curves
around the right border of the heart with the right coronary artery;
drains into the coronary sinus at its point of entry into the right
atrium

3. Anterior cardiac veins (two or three): ascend on the anterior wall of the
right ventricle, span the coronary sulcus, and drain directly into the right
atrium

4. Thebesian or smallest cardiac veins: tiny veins within the myocardium
that drain directly into the four chambers of the heart

V. Internal Anatomy of the Heart
A. Right atrium
1. Crista terminalis

a. Lateral, vertical, muscular ridge; partially divides the right atrium
into an anterior part, the atrium proper, and a posterior part, the sinus
venarum

b. Atrium proper: lined by pectinate muscles which extend transversely,
like the teeth of a comb, from the crista terminalis; includes the au-
ricle, an ear-shaped appendage projecting toward the left

c. Sinus venarum: smooth-walled, posterior part; receives the superior
vena cava superiorly, the inferior vena cava and coronary sinus in-

feriorly, and includes the interatrial septum

2. Fossa ovalis: oval depression in the interatrial septum; its prominent
superior and lateral borders form the limbus

3. Ostium of the coronary sinus: situated between the orifice of the infe-
rior vena cava and the right atrioventricular orifice

B. Right ventricle

1. Its lumen is crescentic in transverse section, since the higher pressure
in the left ventricle pushes the interventricular septum to the right

2. Trabeculae carneae
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C.

a. Consist of elevated myocardial ridges, bridges, and nipplelike papil-
lary muscles

b. Papillary muscles: the anterior papillary muscle is large, the poste-
rior papillary muscle is often bipartite, and the septal papillary
muscles are small and multiple

¢. Septomarginal trabecula (moderator band): bridge of myocardium
between the interventricular septum and the base of the anterior
papillary muscle

3. Chordae tendineae

a. Thin, dense connective tissue strands; arise from papillary muscles
and attach to the free margins and ventricular surfaces of the cusps
of the right atrioventricular valve

b. Contraction of the papillary muscles and the resultant tautness de-
veloped in the chordae tendineae prevents the cusps of the atrioven-
tricular valve from being driven into the atrium when the ventricle
contracts

4. Right atrioventricular orifice: guarded by the right atrioventricular or
tricuspid valve

5. Right atrioventricular (tricuspid) valve: cusps are designated anterior,
posterior, and septal; often the septal cusp is not well defined

6. Infundibulum or conus arteriosus: smooth-walled, outflow tract proxi-
mal to the pulmonary orifice

7. Pulmonary orifice

a. The most anterior of the four valvular orifices; contains the pulmo-
nary semilunar valve whose three pouchlike cusps are designated an-
terior, left, and right

b. The pouchlike cavities of the cusps are called sinuses; near the middle
of the lunulae, or free inner borders of the cusps, there is a fibrous
thickening called the nodule

Left atrium: its anterior portion has pectinate muscles and includes the
auricle; its posterior portion is smooth-walled and receives the four pulmo-
nary veins (the left pulmonary veins often fuse before entering the left
atrium)
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D. Left ventricle

1. The lumen of the left ventricle is circular in transverse section and rough-
ened by trabeculae carneae; its wall is about three times as thick as that
of the right ventricle

2. Aortic vestibule: smooth-walled, outflow tract proximal to the aortic
orifice

8. Aortic orifice: contains the aortic semilunar valve, which is similar in
structure to the pulmonary semilunar valve and has three cusps desig-
nated right, left, and posterior (noncoronary); it lies posterior and to the
right of the pulmonary orifice

4. Left atrioventricular orifice: located posterior and to the left of the aortic
orifice, and to the left of the right atrioventricular orifice; it is guarded
by the left atrioventricular (bicuspid, mitral) valve

5. Left atrioventricular (bicuspid, mitral) valve: cusps are designated an-
terior and posterior; chordae tendineae arise from an anterior and a
posterior papillary muscle and attach to the free margins and ventricu-
lar surfaces of the cusps

6. Interventricular septum
a. Muscular part: extensive, thick, inferior part
b. Membranous part: thin, superior part; located just inferior to the at-
tached margins of the right and noncoronary cusps of the aortic valve

(it is about the size of the tip of the thumb)

c. Clinical note: patency of the membranous part of the interventricu-
lar septum is a common congenital cardiac defect

E. Skeleton of the heart
1. Components

a. Anuli fibrosi: four thick, fibrous rings of dense connective tissue that
encircle each valvular orifice and provide attachment and support
for the valvular cusps

b. Fibrous trigones: two triangular, connective tissue thickenings; the
left fibrous trigone lies toward the left between the anuli fibrosi of
the aortic and left atrioventricular orifices, and the right fibrous
trigone lies between the anuli fibrosi of the aortic, right atrioven-
tricular, and left atrioventricular orifices
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2. Atrial cardiac muscle fibers take origin from the superior surface of the
fibrous skeleton; ventricular cardiac muscle fibers take origin from its
inferior surface

V1. Innervation and Conducting System of the Heart
A. Innervation

1. The superficial and deep cardiac plexuses are composed of networks of
nerves and intermingled postganglionic parasympathetic cell bodies near
the ligamentum arteriosum and tracheal bifurcation, respectively; from
the cardiac plexuses, fibers are distributed to the vessels of the heart and
elements of the conducting system (see also The Autonomic Nervous
System, p. 65)

2. Fibers contributing to the cardiac plexuses

a. Parasympathetic efferents: preganglionic parasympathetic fibers
from the vagus nerves synapse on postganglionic parasympathetic
cell bodies within the cardiac plexuses or, after passing through the
cardiac plexuses, on postganglionic parasympathetic cell bodies
within the walls of the atria; postganglionic parasympathetic fibers
function in vasoconstriction, slowing the heart rate, and reducing the
force of contraction

b. Sympathetic efferents: postganglionic sympathetic fibers to the car-
diac plexuses travel within superior, middle, and inferior cervical
cardiac nerves (derived from medial branches of the superior, middle,
and inferior cervical sympathetic ganglia, respectively) and within
thoracic cardiac nerves (derived from medial branches of the upper
four thoracic sympathetic ganglia); function in vasodilation and in
increasing the heart rate and force of contraction

c. Parasympathetic afferents: pass through the cardiac plexuses to
travel with the vagus nerves; function in the reflex control of the heart
rate

d. Sympathetic afferents

1. Pass through the cardiac plexuses and travel within the cervical
and thoracic cardiac nerves; they mediate pain

2. Clinical note: sympathetic afferent fibers concerned with cardiac
pain caused by myocardial ischemia terminate in spinal cord seg-
ments T1 to T4; by a phenomenon known as referred pain, vis-
ceral pain from the heart is referred to the skin along the inner
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border of the left upper limb and the upper part of the left pecto-
ral region as angina pectoris, presumably because these areas of
skin also send their afferent fibers into spinal cord segments T1
to T4 to synapse on the same neurons as incoming sympathetic
afferent fibers (the brain preferentially interprets incoming pain
as coming from the skin regardless of whether it originates from
the viscera or skin)

B. Conducting system

1. Sinuatrial (SA) node: a crescentic collection of specialized cardiac muscle
fibers within the superior end of the crista terminalis, at the junction of
the superior vena cava and right atrium

2. Atrioventricular (AV) node: an oval collection of specialized cardiac
muscle fibers in the inferior part of the interatrial septum, above the
septal cusp of the tricuspid valve

3. Atrioventricular (AV) bundle (bundle of His)

a. Threadlike extension of the AV node that descends through the right
fibrous trigone; upon entering the muscular part of the interventricu-
lar septum, it divides into a right and a left bundle branch

1. Right bundle branch: passes from the interventricular septum to
the base of the anterior papillary muscle of the right ventricle
within the septomarginal trabecula; from here, branches are dis-
tributed to the right ventricular wall

2. Left bundle branch: gives rise to multiple branches that pass to
the left ventricular wall within a number of trabeculae carneae

b. Initiates ventricular contraction near the apex of the heart, thus pro-

ducing an efficient expulsion of blood toward the pulmonary and
aortic outflow tracts
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The Posterior and
Superior Mediastinum

1. Contents of the Posterior Mediastinum
A. Esophagus

1. Superiorly, it descends on the anterior surfaces of thoracic vertebral
bodies to the right of the thoracic aorta, and posterior to the left atrium;
inferiorly, it crosses in front of the thoracic aorta and enters the abdo-
men through the esophageal hiatus of the diaphragm, anterior and to
the left of the thoracic aorta

2. Esophageal plexus

a. Nerve network formed by the vagus nerves; supplies the muscle and
glands of the esophagus, and functions to increase peristaltic and
secretory activity

b. Just above the diaphragm the fibers of the esophageal plexus coa-
lesce to form the anterior and posterior vagal trunks which lie on
the corresponding surfaces of the esophagus; the anterior and pos-
terior vagal trunks are derived from fibers of the left and right vagus
nerves, respectively

3. Vessels

a. Supplied by the inferior thyroid arteries, esophageal branches of the
thoracic aorta, and branches of the left gastric artery that ascend
through the esophageal hiatus of the diaphragm; venous drainage is
into the inferior thyroid, azygos, hemiazygos, accessory hemiazygos,
and left gastric veins
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b. Lymphatic drainage is to posterior mediastinal and celiac nodes,
which, in turn, drain into paratracheal nodes and the cisterna chyli,
respectively (the cisterna chyli is the inferior, dilated, abdominal
portion of the thoracic duct)

4. Clinical note: enlargement of the left atrium may produce an indenta-
tion in the esophagus that may be visible on X-ray following a barium
swallow

B. Thoracic (descending) aorta

1. Inferior continuation of the aortic arch at the lower border of the fourth
thoracic vertebra; descends on thoracic vertebral bodies and, anterior
to the twelfth thoracic vertebra, penetrates the aortic hiatus of the dia-
phragm to become the abdominal aorta

2. Branches

a. Gives rise to nine pairs of posterior intercostal arteries for the third
to eleventh intercostal spaces and one pair of subcostal arteries, which
course along the inferior borders of the twelfth ribs (the posterior
intercostal arteries for the first and second intercostal spaces are
derived from the supreme intercostal artery, a branch of the costo-
cervical trunk)

b. A variable number of bronchial, esophageal, and tracheal arteries sup-
ply their respective structures; a pair of superior phrenic arteries
supply the diaphragm just before the thoracic aorta passes through
the aortic hiatus

C. Azygos venous system

1. Consists of two parallel, highly variable, longitudinal venous drainage
systems on the anterior surfaces of the thoracic vertebral bodies; on the
right is the azygos vein and on the left are the hemiazygos and acces-
sory hemiazygos veins

2. Azygos vein

a. Formed inferiorly by the union of the right subcostal and right ascend-
ing lumbar veins; ascends posterior to the esophagus and, superiorly,
arches forward over the right principal bronchus to empty into the
superior vena cava

b. Receives the right posterior intercostal veins from the fifth to elev-

enth intercostal spaces; right posterior intercostal veins from the
second to fourth intercostal spaces unite to form the right superior
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intercostal vein, which drains inferiorly into the azygos vein (the
supreme intercostal vein drains the right first intercostal space and
empties into the right brachiocephalic vein)

3. Hemiazygos and accessory hemiazygos veins
a. Hemiazygos vein

1. Formed inferiorly by the union of the left subcostal and left as-
cending lumbar veins; ascends posterior to the thoracic aorta and
receives the left posterior intercostal veins from the eighth to
eleventh intercostal spaces

2. It crosses to the right, anterior to the body of the eighth thoracic
vertebra, to empty into the azygos vein

b. Accessory hemiazygos vein: descends posterior to the thoracic aorta
and receives the left posterior intercostal veins of the fourth to sev-
enth intercostal spaces; drains into the hemiazygos vein or crosses
the vertebral column to drain into the azygos vein (the left superior
intercostal vein receives the left posterior intercostal veins of the first
to third intercostal spaces and ascends anterior to the aortic arch to
drain into the left brachiocephalic vein)

D. Thoracic duct

1. Thin-walled, pale channel; ascends between the thoracic aorta and azy-
gos vein, anterior to the right posterior intercostal arteries and poste-
rior to the esophagus

2. In the superior mediastinum it lies to the left of the esophagus, and in
the base of the neck it deviates to the left, anterior to the left vertebral
artery and vein

3. Empties into the angle of junction of the left subclavian and left inter-
nal jugular veins; near its termination, it receives the left jugular, left
subclavian, and left bronchomediastinal trunks

E. Sympathetic trunks

1. Superiorly, they lie posterior to the costal pleura against the necks of
the ribs; inferiorly, they are located on the sides of the thoracic vertebral
bodies (since the sympathetic trunks do not lie anterior to the thoracic
vertebral bodies, they are not actually in the posterior mediastinum)

2. Each sympathetic trunk has twelve thoracic ganglia (the first thoracic
ganglion is frequently fused to the inferior cervical ganglion to form the

The Posterior and Superior Mediastinum | 61




stellate or cervicothoracic ganglion); each ganglion lies inferior to its
respective ventral ramus and is connected to it by a white and a gray
ramus communicans

a. White ramus communicans: the more lateral ramus; carries pregan-
glionic sympathetic fibers from a ventral ramus into a sympathetic
ganglion and sympathetic afferents from a sympathetic ganglion into
a ventral ramus

b. Gray ramus communicans: carries postganglionic sympathetic fibers
from postganglionic cell bodies in a sympathetic ganglion into a
ventral ramus

c. The white and gray rami communicantes may be fused into a single
ramus

3. Greater, lesser, and least splanchnic nerves

a. The greater splanchnic nerve is formed by medial branches of the
fifth to ninth thoracic sympathetic ganglia, the lesser splanchnic
nerve is formed by medial branches of the tenth and eleventh tho-
racic sympathetic ganglia, and the least splanchnic nerve is derived
from the medial branch of the twelfth thoracic sympathetic ganglion;
they descend on the thoracic vertebral bodies medial to the sympa-
thetic trunks

b. The greater, lesser, and least splanchnic nerves are composed of
preganglionic sympathetic fibers that have passed through their
respective sympathetic ganglia without synapsing; they penetrate the
diaphragm and synapse on postganglionic sympathetic cell bodies
in the celiac, superior mesenteric, and aorticorenal ganglia within
the abdomen

c. They have no function in the thorax

II. Contents of the Superior Mediastinum
A. Thymus
1. Lies between the manubrium of the sternum and the aortic arch; usu-
ally extends superiorly into the neck and inferiorly into the anterior

mediastinum

2. Appears pink and bilobular in the infant; begins to involute around age
15 and is largely replaced by fat and connective tissue in the adult
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C.

=1

3.

Supplied by the internal thoracic arteries; a single thymic vein drains
into the left brachiocephalic vein

Trachea and esophagus: descend through the superior thoracic aperture be-
tween the lungs; contacted on the right by the azygos vein and on the left
by the aortic arch

Aortic arch

. Commences near the second right sternocostal articulation and arches

backward and to the left, reaching its summit about midway up the
manubrium (the ascending aorta is the short segment that precedes the
aortic arch and gives rise to the coronary arteries); its branches are noted
below

. The brachiocephalic trunk arises from the aortic arch just proximal to

its summit; ascends on the right side of the trachea and, near the supe-
rior thoracic aperture, bifurcates into the right subclavian and right com-
mon carotid arteries

. The left common carotid artery and then the left subclavian artery arise

from the summit of the aortic arch; they ascend on the left side of the
trachea with the common carotid artery lying anterior to the subclavian
artery

Brachiocephalic veins

. Formed on the sides of the superior thoracic aperture by the union of

the internal jugular and subclavian veins; the left brachiocephalic vein
crosses to the right along the summit of the aortic arch and unites with
the right brachiocephalic vein near the right border of the manubrium
to form the superior vena cava

The right brachiocephalic vein receives the right internal thoracic and
supreme intercostal veins; the left brachiocephalic vein receives the left
internal thoracic, left superior intercostal, and thymic veins

Superior vena cava: descends along the right border of the sternum; receives
the azygos vein posteriorly and enters the right atrium at about the level
of the third right sternocostal articulation

1.

. Vagus nerves

Superiorly, they descend anterior to their respective subclavian arter-
ies; in their course, each vagus nerve gives rise to a recurrent laryngeal
nerve
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2. Right vagus nerve

a. The right recurrent laryngeal nerve loops posteriorly under the right
subclavian artery and ascends in the groove between the trachea and
esophagus on the right side

b. The right vagus nerve then descends on the right side of the tra-
chea and then posterior to the root of the right lung where it breaks
up into numerous branches that contribute to the esophageal plexus

3. Left vagus nerve

a. As the left vagus nerve descends anterior to the aortic arch, the left
recurrent laryngeal nerve loops posteriorly through the concavity
of the aortic arch, on the left side of the ligamentum arteriosum; the
left recurrent laryngeal nerve ascends in the groove between the
trachea and esophagus on the left side

b. The left vagus nerve then descends posterior to the root of the left
lung where it breaks up into numerous branches that contribute to
the esophageal plexus

G. Phrenic nerves
1. Derived from ventral rami of spinal nerves C3, 4, and 5, especially C4

2. The right phrenic nerve descends on the lateral surface of the superior
vena cava; the left phrenic nerve descends anterior to the aortic arch

3. Both phrenic nerves descend anterior to the roots of their respective
lungs, between the fibrous pericardium and mediastinal pleurae; they are
accompanied by the pericardiacophrenic vessels

4. The right and left phrenic nerves enter the diaphragm near the inferior
vena cava and apex of the heart, respectively; they innervate the skeletal
muscle of the diaphragm and provide sensory innervation to the fibrous
pericardium, parietal layer of the serous pericardium, mediastinal pleurae,
and the inner portions of the diaphragmatic pleurae
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The Autonomic Nervous System

[. General Remarks
A. Involuntary (visceral) motor system

1. Innervates smooth muscle, cardiac muscle, and glands via two neurons
designated preganglionic and postganglionic (in contrast, the voluntary
or somatic motor system innervates skeletal muscle via one neuron)

2. Preganglionic neuron cell bodies are located in nuclei, collections of
neuron cell bodies within the central nervous system; postganglionic
neuron cell bodies are located in ganglia, collections of neuron cell bod-
ies outside the central nervous sytem

B. Composed of a parasympathetic and sympathetic nervous system

1. The parasympathetic nervous system regulates vegetative functions, such
as digestion, and the sympathetic nervous system produces effects appro-
priate for a “fight or flight” response, such as an increase in heart rate

2. Generally, the effects of the parasympathetic and sympathetic nervous
systems are reciprocal; for example, the parasympathetic and sympathetic
innervation to the eye produces pupillary constriction and pupillary di-
lation, respectively

II. Parasympathetic Nervous System

A. Preganglionic neurons

1. Cell bodies are located in nuclei within the brainstem and lateral horns
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of spinal cord segments S2 to S4, thus, the parasympathetic nervous
system is sometimes referred to as the craniosacral system

2. Preganglionic parasympathetic fibers from nuclei within the brainstem
travel with the oculomotor, facial, glossopharyngeal, and vagus nerves;
preganglionic fibers from nuclei within the lateral horns of spinal cord
segments 52 to S4 form the pelvic splanchnic nerves

3. Preganglionic parasympathetic fibers associated with the oculomotor,
facial, and glossopharyngeal nerves are described in Chapter V; pregan-
glionic fibers that travel with the vagus and pelvic splanchnic nerves are
described subsequently

B. Postganglionic neurons: cell bodies are located in ganglia near or within
the wall of the organ to be innervated; postganglionic parasympathetic fibers
terminate on smooth muscle, cardiac muscle, or gland cells to produce their
effects

C. Vagus nerve

1. Preganglionic parasympathetic fibers that travel with the vagus nerve
originate from the dorsal motor nucleus of the vagus in the brainstem;
they branch from the vagus nerve as noted below

2. Cardiac branches leave the vagus nerve in the neck and thorax to syn-
apse on postganglionic parasympathetic cell bodies within the cardiac
plexuses or walls of the atria; postganglionic parasympathetic fibers
terminate on the blood vessels and conducting system of the heart and
function in vasoconstriction, slowing the heart rate, and reducing the
force of contraction

3. Bronchial branches arise in the thorax, pass through the pulmonary
plexus, and synapse on postganglionic parasympathetic cell bodies in the
bronchial and bronchiolar walls; postganglionic parasympathetic fibers
function in bronchoconstriction

4. Esophageal branches arise in the thorax and form a nerve network, the
esophageal plexus, whose fibers synapse on postganglionic parasympa-
thetic neurons within the wall of the esophagus; postganglionic para-
sympathetic fibers increase peristaltic and secretory activity

5. Above the diaphragm, fibers of the esophageal plexus coalesce into the
anterior and posterior vagal trunks, which pass into the abdomen on the
esophagus, through the celiac and superior mesenteric plexuses, and
along branches of the celiac trunk and superior mesenteric artery to post-
ganglionic parasympathetic cell bodies within the abdominal portion of
the esophagus, stomach, duodenum, pancreas, liver, gall bladder, bile
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ducts, jejunum, ileum, appendix, cecum, ascending colon, and the proxi-
mal half of the transverse colon; postganglionic parasympathetic fibers
increase peristaltic and secretory activity

D. Pelvic splanchnic nerves

1. Formed by fibers of preganglionic parasympathetic cell bodies located
in nuclei within the lateral horns of spinal cord segments 52 to S4; they
exit the spinal cord in their respective ventral roots and spinal nerves,
emerge from corresponding ventral rami, and are distributed to viscera
within the abdomen and pelvis

2. Pelvic splanchnic nerve fibers which ascend out of the pelvis and into
the abdomen pass through the inferior mesenteric plexus and are dis-
tributed along branches of the inferior mesenteric artery to postgangli-
onic parasympathetic cell bodies within the walls of the distal half of the
transverse colon, descending colon, sigmoid colon, rectum, and proxi-
mal half of the anal canal; postganglionic parasympathetic fibers increase
peristaltic and secretory activity

3. Pelvic splanchnic nerve fibers which remain in the pelvis, pass forward
through the inferior hypogastric plexus and are distributed along branches
of the internal iliac artery to postganglionic parasympathetic cell bodies
within perineal and pelvic organs; postganglionic parasympathetic fibers
are responsible for the engorgement of erectile tissue with blood

II1. Sympathetic Nervous System
A. Preganglionic neurons

1. Cell bodies are located in nuclei within the lateral horns of spinal cord
segments T1 to L2, thus, the sympathetic nervous system is sometimes
referred to as the thoracolumbar system

2. Preganglionic sympathetic fibers leave the spinal cord in their respec-
tive ventral root, spinal nerve, and ventral ramus and enter the associ-
ated sympathetic ganglion through a white ramus communicans; since
preganglionic sympathetic fibers are only within ventral rami of spinal
nerves T1 to .2, white rami communicantes are present only at these
levels

3. Once in a sympathetic ganglion, a preganglionic sympathetic fiber may
remain within that ganglion or ascend or descend in the sympathetic
trunk to a ganglion at a higher or lower level; preganglionic sympathetic
fibers that emerge from sympathetic ganglia without synapsing are noted
below
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a. Preganglionic sympathetic fibers that emerge as medial branches of
sympathetic ganglia T5 to T9 unite to form the greater splanchnic
nerve

b. Preganglionic sympathetic fibers that emerge as medial branches of
sympathetic ganglia T10 and T11 unite to form the lesser splanch-
nic nerve

c. Preganglionic sympathetic fibers that emerge as the medial branch
of sympathetic ganglion T12 constitute the least splanchnic nerve;
although the greater, lesser, and least splanchnic nerves originate
in the thorax, they descend into the abdomen to produce their effects

d. Preganglionic sympathetic fibers that emerge as medial branches of
sympathetic ganglia L1 to L5 constitute the lumbar splanchnic
nerves

e. Preganglionic sympathetic fibers that emerge as medial branches of
sympathetic ganglia S1 to S5 constitute the sacral splanchnic nerves

B. Postganglionic neurons

1. Cell bodies are located in sympathetic ganglia along the sympathetic
trunk as well as in collateral ganglia; the latter include the celiac, supe-
rior mesenteric, aorticorenal, and inferior mesenteric ganglia within the
abdomen, and the inferior hypogastric plexus within the pelvis

2. Sympathetic ganglia

a. Postganglionic sympathetic cell bodies within a sympathetic gan-
glion give rise to postganglionic sympathetic fibers that leave the
sympathetic ganglion and join a ventral ramus via a gray ramus
communicans; these fibers may remain within the ventral ramus or
join its associated dorsal ramus and are distributed to blood vessels
as well as to sweat glands and arrector pili muscles to produce sweat-
ing and goose flesh, respectively

b. Postganglionic sympathetic cell bodies within the superior, middle,
and inferior cervical ganglia and sympathetic ganglia T1 to T4 also
give rise to postganglionic sympathetic fibers that emerge as medial
branches (although there are eight cervical spinal nerves, their re-
spective sympathetic ganglia fuse to form only three cervical sym-
pathetic ganglia)

1. Postganglionic sympathetic fibers that leave the cervical sympa-

thetic ganglia as medial branches form cervical cardiac nerves;
they descend into the thorax and terminate on the blood vessels
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and conducting system of the heart and function in vasodilation
and in increasing the heart rate and force of contraction

2. Some postganglionic sympathetic fibers that leave sympathetic
ganglia T1 to T4 as medial branches form thoracic cardiac nerves
which terminate on the blood vessels and conducting system of
the heart and function in vasodilation and in increasing the heart
rate and force of contraction; other postganglionic sympathetic
fibers that leave sympathetic ganglia T1 to T4 as medial branches
pass through the pulmonary plexus to supply bronchi, bronchi-
oles, and blood vessels and function in bronchodilation and
vasodilation

3. Collateral ganglia
a. Celiac ganglia (two)

1. Located within the celiac plexus, a network of nerves surround-
ing the origin of the celiac trunk from the abdominal aorta; they
receive preganglionic sympathetic fibers from the greater splanch-
nic nerves, which are formed by medial branches of sympathetic
ganglia T'5 to T9 (recall that the medial branches of cervical sym-
pathetic ganglia and sympathetic ganglia T'1 to T4 are composed
of postganglionic sympathetic fibers)

2. Postganglionic sympathetic fibers from the celiac ganglia are dis-
tributed to the abdominal portion of the esophagus, stomach,
spleen, the proximal half of the duodenum, the neck, body, tail,
and superior part of the head of the pancreas, liver, gall bladder,
and bile ducts along branches of the celiac trunk and function to
inhibit peristaltic and secretory activity

b. Superior mesenteric ganglion

1. Located within the superior mesenteric plexus, a network of
nerves surrounding the origin of the superior mesenteric artery
from the abdominal aorta; it receives preganglionic sympathetic
fibers from the greater and lesser splanchnic nerves, which are
formed by medial branches of sympathetic ganglia T5 to 'T'9 and
medial branches of sympathetic ganglia T10 and T'11, respectively

2. Postganglionic sympathetic fibers from the superior mesenteric
ganglion are distributed to the distal half of the duodenum, the
inferior part of the head of the pancreas, the jejunum, ileum, ap-
pendix, cecum, ascending colon, and the proximal half of the trans-
verse colon along branches of the superior mesenteric artery and
function to inhibit peristaltic and secretory activity
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c. Aorticorenal ganglion

1. Located within the renal plexus, a network of nerves surround-
ing the origin of a renal artery from the abdominal aorta; it re-
ceives preganglionic sympathetic fibers from the lesser and least
splanchnic nerves, which are formed by medial branches of sym-
pathetic ganglia T10 and T11 and the medial branch of sympa-
thetic ganglion T12, respectively

2. Postganglionic sympathetic fibers from the aorticorenal ganglion
are distributed to the renal artery and its branches and function
in vasoconstriction

d. Inferior mesenteric ganglion

1. Located within the inferior mesenteric plexus, a network of nerves
surrounding the origin of the inferior mesenteric artery from the
abdominal aorta; it receives some preganglionic sympathetic fibers
from the greater, lesser, and least splanchnic nerves via the inter-
mesenteric plexus, but most are from the Jumbar splanchnic
nerves, which represent the medial branches of sympathetic gan-
glia L1 to L5

2. Postganglionic sympathetic fibers from the inferior mesenteric
ganglion are distributed to the distal half of the transverse colon,
descending colon, sigmotd colon, rectum, and the proximal half
of the anal canal along branches of the inferior mesenteric artery
and function to inhibit peristaltic and secretory activity

e. Inferior hypogastric plexuses

1. Nerve networks containing clusters of postganglionic sympathetic
cell bodies; located in the pelvis within the extraperitoneal con-
nective tissue on either side of the rectum

2. They receive some preganglionic sympathetic fibers from the
greater, lesser, and least splanchnic nerves via the superior hypo-
gastric plexus and hypogastric nerves, but most are from the sac-
ral splanchnic nerves, which represent the medial branches of
sympathetic ganglia S1 to S5; postganglionic sympathetic fibers
from the inferior hypogastric plexuses are distributed to perineal
and pelvic organs along branches of the internal iliac arteries and,
in the male, are responsible for the smooth muscle contractions
that expel semen during ejaculation

4. Blood vessels are supplied by postganglionic sympathetic fibers derived
from all sympathetic and collateral ganglia; they function in both vaso-
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constriction and vasodilation, for example, in a “fight or flight” response,
blood vessels to the gut will be constricted, whereas blood vessels to
skeletal muscle will be dilated (blood vessels, like sweat glands and
arrector pili muscles, do not receive a parasympathetic innervation)

IV. Autonomic Afferents

A. Although the autonomic nervous system is generally regarded as a motor
system, smooth muscle, cardiac muscle, and glands also have an afferent or
sensory supply; afferent fibers travel with their respective parasympathetic
and sympathetic efferents and, like their somatic afferent counterparts, have
their cell bodies in spinal and cranial ganglia

B. Parasympathetic afferents

1. Vagal afferents from the lung detect stretch and mediate pain, and are
involved in the stretch reflex, which inhibits inspiration, and the cough
reflex, respectively; vagal afferents from the heart function in the reflex
control of the heart rate and vagal afferents from the abdomen mediate
the feeling of nausea and function in gastrointestinal reflexes

2. Pelvic splanchnic afferents associated with the gut mediate the feeling
of nausea and function in gastrointestinal reflexes

C. Sympathetic afferents

1. Although sympathetic afferents enter sympathetic ganglia at all levels
via cervical and thoracic cardiac nerves, and the greater, lesser, least,
lumbar, and sacral splanchnic nerves, they only enter ventral rami of
spinal nerves T'1 to L2 via white rami communicantes (after descending
or ascending in the sympathetic trunk, if needed); they function in the
mediation of pain

2. Sympathetic afferents are absent in the lungs; sympathetic afferents from
the heart travel with the cervical and thoracic cardiac nerves, sympa-
thetic afferents from the abdomen travel with the greater, lesser, least,
and lumbar splanchnic nerves, and sympathetic afferents from the pel-
vis travel with the sacral splanchnic nerves
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The Anterior Abdominal Wall

[. Fasciae
A. Superficial fascia
1. Camper’s fascia: superficial, fatty layer
2. Scarpa’s fascia

a. Deep, membranous layer; usually well developed in the lower part
of the anterior abdominal wall

b. Attaches to the deep fascia of the thigh a few centimeters inferior to
the inguinal ligament

B. Deep fascia

1. Envelops the anterior abdominal wall muscles, covering their superfi-
cial and deep surfaces; a cleavage plane usually exists between Scarpa’s
fascia and the deep fascia

2. Transversalis (endoabdominal) fascia: deep fascia covering the inner
surface of the deepest muscle layer of the abdominal wall; it is the ab-
dominal equivalent of the endothoracic fascia

II. Muscles

A. External abdominal oblique

1. Origin: external surfaces of the lower eight ribs; interdigitates superi-
orly with serratus anterior
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2. Insertion: fibers run inferiorly and medially to insert on the iliac crest,
anterior superior iliac spine and, through the aponeurosis of the external
abdominal oblique, on the pubic tubercle, pubic crest, and into the linea
alba, a midline connective tissue seam; it has a free posterior border

a. The thick, posteriorly upturned, lower free border of the aponeuro-
sis of the external abdominal oblique constitutes the inguinal liga-
ment; it extends from the anterior superior iliac spine to the pubic
tubercle

b. A portion of the medial end of the inguinal ligament diverges poste-
riorly and attaches to the pecten pubis; it is termed the lacunar liga-
ment

¢. The pectineal ligament is a strong fibrous band that continues pos-
teriorly from the lacunar ligament along the pecten pubis

3. Clinical note: since no major nerves or vessels cross the midline of the
anterior abdominal wall, the linea alba is frequently used as a site for
surgical incisions

B. Internal abdominal oblique

1. Origin: thoracolumbar fascia, iliac crest, and the lateral two-thirds of the
inguinal ligament

2. Insertion: most fibers run superiorly and medially to insert along the
inferior borders of the last three ribs and, through the aponeurosis of
the internal abdominal oblique, into the linea alba; inferior fibers course
inferiorly and medially above and parallel to the inguinal ligament and,
through the aponeurosis of the internal abdominal oblique, insert on the
pecten pubis and pubic crest

C. Transversus abdominis

1. Origin: inner aspect of the costal margin, thoracolumbar fascia, and iliac
crest

2. Insertion: fibers run transversely and, through the aponeurosis of the
transversus abdominis, insert into the linea alba; inferiorly, its aponeuro-
sis inserts on the pecten pubis and pubic crest, fusing with the insertion
of the aponeurosis of the internal abdominal oblique to form the con-
joint tendon or falx inguinalis

D. Rectus abdominis

1. Origin: pubic crest
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2. Insertion: from its narrow origin it widens as it ascends to insert on the
costal cartilages of the fifth, sixth, and seventh ribs, and the xiphoid
process; tendinous intersections divide the muscle transversely

3. Rectus sheath

a. Dense connective tissue envelope enclosing the rectus abdominis;
composed of an anterior and posterior layer formed by the aponeuro-
ses of the external abdominal oblique, internal abdominal oblique,
and transversus abdominis muscles

b. The aponeurosis of the external abdominal oblique contributes to the
anterior layer of the rectus sheath, the aponeurosis of the internal
abdominal oblique contributes to the anterior and posterior layers
of the rectus sheath, and the aponeurosis of the transversus abdominis
contributes to the posterior layer of the rectus sheath

c. Inferior to the midpoint between the umbilicus and pubic symphy-
sis, the aponeuroses of the internal abdominal oblique and trans-
versus abdominis pass only to the anterior layer of the rectus sheath,
thus, the posterior layer of the rectus sheath is absent inferiorly and
the rectus abdominis is in direct contact with transversalis fascia; the
inferior limit of the posterior layer of the rectus sheath is indicated
by a curved border called the arcuate line

E. Action: support the abdominal contents and compress the abdominal con-
tents as for maximal expiration and coughing; flexion and rotation of the
vertebral column and stabilization of the thorax, vertebral column, and
pelvis relative to one another, especially when performing forceful actions
such as lifting heavy objects

F. Innervation: thoracoabdominal, subcostal, iliochypogastric, and ilicinguinal
nerves

II1. Nerves

A. Ventral rami of spinal nerves T7 to T11 continue from the thorax into the
anterior abdominal wall and, thus, are sometimes referred to as thoraco-
abdominal nerves; other nerves of the anterior abdominal wall are the ven-
tral ramus of spinal nerve T'12 or the subcostal nerve and the iliochypogastric
and ilioinguinal nerves which are derived from the ventral ramus of spinal
nerve L1

1. Nerves of the anterior abdominal wall course inferiorly and medially
within the neurovascular plane between the internal abdominal oblique
and transversus abdominis, providing motor innervation to the exter-
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nal abdominal oblique, internal abdominal oblique, and transversus
abdominis

2. Lateral cutaneous branches emerge near the origin of the external ab-
dominal oblique; anteriorly, the nerves of the anterior abdominal wall
pierce the rectus sheath, innervate the rectus abdominis, and emerge as
anterior cutaneous branches (the ilioinguinal nerve traverses the inguinal
canal and supplies the anterior scrotum/labium majus and upper me-
dial thigh with cutaneous innervation)

B. Dermatomes

1. A dermatome is a circumscribed region of skin which receives most of
its sensory innervation from one spinal cord segment; it is designated
according to the spinal cord segment which provides most of its inner-
vation (transsection of one spinal nerve will not produce complete an-
esthesia within a dermatome because of overlapping innervation by ad-
jacent spinal nerves)

2. Some landmarks indicating dermatome levels on the anterior abdomi-
nal wall are: xiphoid process—dermatome T7; umbilicus—dermatome
T10; dermatome L1 lies above the pubis

3. Clinical note: a knowledge of dermatomes is useful in cases of referred
pain, for example, in appendicitis, pain may be felt over dermatome T'10
near the umbilicus because sympathetic afferents that mediate pain from
the appendix travel with the lesser splanchnic nerve, enter spinal cord
segment T10, and are “referred” to the dermatome supplied by the same
spinal cord segment

IV. Vessels
A. Arteries

1. Superior epigastric artery: branches from the internal thoracic artery and
descends within the rectus sheath posterior to the rectus abdominis; here,
it anastomoses with the inferior epigastric artery

2. Inferior epigastric artery: branches from the external iliac artery proxi-
mal to the inguinal ligament and courses superiorly and medially in the
extraperitoneal connective tissue on the deep aspect of the lower ante-
rior abdominal wall; penetrates the transversalis fascia to ascend ante-
rior to the arcuate line and then within the rectus sheath posterior to
the rectus abdominis

3. Deep circumflex iliac artery: branches from the external iliac artery
adjacent to the origin of the inferior epigastric artery; courses laterally
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in the extraperitoneal connective tissue posterior to the inguinal liga-
ment, supplying the lower part of the anterior abdominal wall

4. Posterior intercostal arteries 7 to 11 and the subcostal artery: arise from
the thoracic aorta and course inferiorly and medially within the
neurovascular plane between the internal abdominal oblique and
transversus abdominis; anteriorly, they pierce the rectus sheath to anas-
tomose with the superior and inferior epigastric arteries

5. Clinical note: when the aortic arch is narrowed just beyond the origin
of the left subclavian artery (coarctation of the aorta), sufficient arte-
rial blood may still reach the lower part of the body through anasto-
moses between the ventrally placed internal thoracic, superior epigas-
tric, and inferior epigastric arteries and the dorsally placed aorta,
provided by the anterior intercostal, posterior intercostal, and subcostal
arteries; the internal thoracic and epigastric arteries themselves con-
stitute an anastomosis between the subclavian and external iliac
arteries

B. Veins

1. Course with their corresponding arteries, except that posterior inter-
costal veins 7 to 11 and the subcostal vein drain into the azygos, hemia-
zygos, and accessory hemiazygos veins; within the rectus sheath the
tributaries of the posterior intercostal and subcostal veins anastomose
with those of the superior and inferior epigastric veins

2. Clinical notes

a. As with the arteries, anastomoses of corresponding veins provide for
a collateral circulation in cases of obstruction of the superior or in-
ferior vena cava

b. Inobstruction of the superior vena cava, perhaps as the result of com-
pression by a tumor, blood from the head, neck, and upper limbs can
reach the right atrium via the inferior vena cava through anastomoses
provided by the brachiocephalic, internal thoracic, superior epigas-
tric, inferior epigastric, external iliac, and common iliac veins; blood
would flow in the reverse direction in the same venous channels in
an obstruction of the inferior vena cava (blood within valved veins
can reverse direction if the veins become distended to such a degree
that the valves are rendered incompetent)

3. Thoracoepigastric (superficial epigastric) vein
a. Longitudinal vein in the superficial fascia of the lateral part of the

thorax and abdomen; drains into the superior vena cava via the lat-
eral thoracic, axillary, subclavian, and brachiocephalic veins and into
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the inferior vena cava via the great saphenous, femoral, external iliac,
and common iliac veins

b. Clinical notes

1. The thoracoepigastric vein provides another important anasto-
motic link between the superior vena cava and the inferior vena
cava in cases of obstruction of the superior or inferior vena cava

2. Tributaries of the thoracoepigastric vein near the umbilicus anas-
tomose with tributaries of the paraumbilical veins which course
along the ligamentum teres hepatis (round ligament of the liver)
and drain into the portal vein; in portal hypertension, blood flow
through the portal vein may be impeded to the degree that there
is a significant retrograde flow through the paraumbilical veins,
which may result in visibly enlarged and tortuous paraumbilical
and thoracoepigastric tributaries radiating from the umbilicus, a
condition known as caput medusae

C. Superficial lymphatics of the superior and inferior parts of the anterior
abdominal wall drain into axillary and superficial inguinal nodes, respec-
tively; lymphatics from abdominal wall muscles drain along the posterior
intercostal, superior epigastric, and inferior epigastric arteries to posterior
mediastinal, parasternal, and external iliac nodes, respectively

V. Inguinal Canal
A. General remarks

1. A 4-centimeter oblique passage through the fascial and muscular layers
of the inferomedial anterior abdominal wall; connects the scrotum/
labium majus to the retroperitoneal region and transmits the spermatic
cord/round ligament of the uterus

2. Lies above and parallel to the medial end of the inguinal ligament, ex-
tending from the superficial inguinal ring to the deep inguinal ring

B. Superficial inguinal ring

1. Triangular opening in the aponeurosis of the external abdominal oblique;
its base is the pubic crest, the lateral crus (margin) is formed by the medial
end of the inguinal ligament, and the medial crus (margin) is formed by
the aponeurosis of the external abdominal oblique attaching on the pubic
crest (intercrural fibers bind the two crura superiorly)

2. A tube of deep fascia, the external spermatic fascia, extends from the bor-
ders of the superficial inguinal ring to ensheath the spermatic cord and testis
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“Intermediate inguinal ring”

1. The inferior fibers of the internal abdominal oblique arise from the lat-
eral two-thirds of the inguinal ligament; as these fibers run medially and
inferiorly, they lie in front of the deep inguinal ring

2. About halfway along the inguinal canal, the internal abdominal oblique
splits to allow the spermatic cord to pass through an “intermediate in-
guinal ring”; deep fascia, the cremasteric fascia, and muscle fibers, the
cremaster muscle, extend from the margins of the “intermediate inguinal
ring” to ensheath the spermatic cord and testis

. Deep inguinal ring

1. Represents the mouth of a tubular evagination of transversalis fascia that
extends into the inguinal canal and scrotum; the evagination of
transversalis fascia ensheaths the spermatic cord and testis, and is termed
the internal spermatic fascia

2. The deep inguinal ring is located about midway between the anterior
superior iliac spine and pubic symphysis, about one centimeter superior
to the inguinal ligament; lies just lateral to the inferior epigastric ves-
sels and superficial to the parietal peritoneum and extraperitoneal con-
nective tissue (the lower free border of the transversus abdominis arches
above it)

. Walls

1. Floor: laterally, it is formed by the inguinal ligament, which is upturned
posteriorly to form a gutter; medially, it is formed by the lacunar liga-
ment

2. Roof: formed by the external abdominal oblique at the superficial inguinal
ring, the internal abdominal oblique at the “intermediate inguinal ring”,
and the transversus abdominis above the deep inguinal ring; superiorly,
it opens into two cleavage planes, one between the external and inter-
nal abdominal obliques, and the other between the internal abdominal
oblique and transversus abdominis

3. Anterior wall: laterally, it is formed by the aponeurosis of the external
abdominal oblique and the inferior muscle fibers of the internal abdomi-
nal oblique; medially, it is formed by the aponeurosis of the external ab-
dominal oblique (when the transversus abdominis contracts, it descends
and forms part of the anterior wall overlying the deep inguinal ring)

4. Posterior wall: laterally, it is formed by the transversalis fascia between
the inferior border of the transversus abdominis and the inguinal ligament;
medially, it is formed by the conjoint tendon and transversalis fascia
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F. Inguinal (Hesselbach’s) triangle: bounded medially by the lower lateral
border of the rectus abdominis, inferiorly by the medial part of the inguinal
ligament, and laterally by the lower portion of the inferior epigastric ves-
sels; its posterior wall is formed laterally by transversalis fascia, and medi-
ally by the conjoint tendon and transversalis fascia

G. Clinical notes: inguinal hernias

1. Aninguinal hernia is a protrusion of a loop of intestine through a defect
in the musculofascial walls of the inguinal canal; they are much more
frequent in males, perhaps because the inguinal canal is wider

2. Direct inguinal hernia: a hernia in which a loop of intestine protrudes
through the inguinal triangle (medial to the inferior epigastric vessels)
and emerges through the superficial inguinal ring into the scrotum/
labium majus

3. Indirect inguinal hernia

a. Acquired: a hernia in which a loop of intestine protrudes through the
deep inguinal ring (lateral to the inferior epigastric vessels), traverses
the inguinal canal, and emerges through the superficial inguinal ring
into the scrotum/labium majus

b. Congenital: a hernia in which a loop of intestine protrudes through
the deep inguinal ring, traverses the inguinal canal, and emerges
through the superficial inguinal ring into the scrotum/labium majus
within a persisting processus vaginalis that, in the male, is still contin-
uous with the cavity of the tunica vaginalis surrounding the testis

VI. Peritoneal Folds on the Inner Surface of the Lower Anterior Abdominal Wall

A. Retroperitoneal structures extending superiorly from the region of the blad-
der produce folds in the parietal peritoneum

B. The median umbilical ligament, the remains of the embryonic urachus,
extends from the apex of the bladder to the umbilicus and produces the
median umbilical fold

C. The medial umbilical folds, one on each side of the median umbilical fold,
are produced by the medial umbilical ligaments, fibrous remnants of the
distal portions of the umbilical arteries; they extend from just lateral to the
bladder to the umbilicus

D. The lateral umbilical folds, located lateral to the medial umbilical folds, are

produced by the inferior epigastric vessels as they course superiorly and
medially to enter the rectus sheath
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The Scrotum, Spermatic Cord,
and Testis

I. Scrotum

A.

Pouch derived from the skin and fascia of the inferomedial anterior abdomi-
nal wall and perineum; divided by a median septum with each half contain-
ing a spermatic cord and testis

Superficial fascia

1. Superficial layer: continuous with Camper’s fascia, but it is devoid of fat;
contains smooth muscle, the dartos muscle, that wrinkles the scrotal skin
to reduce heat loss from the testis

2. Deep layer (dartos fascia): membranous layer continuous with Scarpa’s
fascia; lies superficial to the external spermatic fascia and is separated
from it by a cleavage plane

Deep fascia: represented by the external spermatic, cremasteric, and inter-
nal spermatic fasciae, derivatives of the deep fascia associated with ante-
rior abdominal wall musculature

I1. Spermatic Cord

A.

Thick bundle that passes through the inguinal canal and connects the tes-
tis with the extraperitoneal region of the lower anterior abdominal wall;
its component structures are noted below

Fasciae

1. External spermatic fascia: outermost fascial covering of the spermatic
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cord and testis; it is continuous at the superficial inguinal ring with the
deep fascia enveloping the external abdominal oblique

2. Cremasteric fascia

a. Intermediate fascial covering of the spermatic cord and testis; it is
continuous at the “intermediate inguinal ring” with the deep fascia
enveloping the internal abdominal oblique

b. Ensheaths the cremaster muscle which is derived from the internal
abdominal oblique muscle

1. The cremasteric muscle is composed of observable muscle bundles
that loop down into the spermatic cord and are innervated by the
genital branch of the genitofemoral nerve; the genital branch of
the genitofemoral nerve passes into the deep inguinal ring and
descends within the spermatic cord deep to the internal spermatic
fascia (distal to the superficial inguinal ring, sensory branches of
the genital branch of the genitofemoral nerve leave the spermatic

cord to supply skin of the anterior scrotum and upper medial
thigh)

2. The cremaster muscle draws the testis toward the abdominal wall
to reduce heat loss

3. Clinical note: in the male, stroking of the upper medial thigh nor-
mally elicits the cremaster reflex evidenced by contraction of the
cremaster muscle and elevation of the testis; the presence of this
reflex confirms the integrity of spinal cord segments L1 and L2
since both the skin of the upper medial thigh and cremaster muscle
are supplied by the genitofemoral nerve, which is derived from
spinal cord segments L1 and L2

3. Internal spermatic fascia: innermost fascial covering of the spermatic
cord and testis; it is continuous with the transversalis fascia at the deep
inguinal ring

4. The transversus abdominis does not contribute to the fascial coverings
of the spermatic cord because it lies above the deep inguinal ring and
does not serve as a barrier to the descending testis

C. Ductus (vas) deferens
1. Continuous with the epididymis; commences at the inferior pole of the

testis and ascends in the posterior aspect of the spermatic cord, forming
a hard palpable cord
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2. Traverses the inguinal canal and, at the deep inguinal ring, bends sharply
medially behind the inferior epigastric vessels to descend on the bladder

ID. Vessels

1. Testicular artery: arises from the abdominal aorta and passes inferiorly
in the extraperitoneal connective tissue to the deep inguinal ring; lies
anteriorly in the spermatic cord and is surrounded by the pampiniform
plexus of veins that drain the testis

2. Pampiniform plexus: consists of about a dozen veins which emerge from
the back of the testis, anastomose with one another as they ascend around
the testicular artery, and then coalesce to form the testicular vein after
emerging into the abdomen through the deep inguinal ring; the close
association of the testicular artery and pampiniform plexus allows for
the transfer of heat from the blood in the testicular artery to the cooler
blood within the pampiniform plexus, thus promoting spermatogenesis
by keeping the testis below body temperature

8. Cremasteric artery: branch of the inferior epigastric artery; enters the
deep inguinal ring and supplies the cremaster muscle

4. Artery of the ductus deferens: branch of a superior vesical artery; enters
the deep inguinal ring on the ductus deferens and anastomoses with the
cremasteric and testicular arteries within the spermatic cord

5. Lymphatics from the testis pass through the inguinal canal and along
the testicular vessels to drain to lumbar nodes (lymphatics from the scro-
tum drain to superficial inguinal nodes)

6. Clinical note: the anastomoses between the cremasteric artery, artery
of the ductus deferens, and testicular artery usually safeguard against
avascular necrosis of the testis if the testicular artery is occluded

E. Ilioinguinal nerve

1. Enters the spermatic cord in the distal part of the inguinal canal, in the
plane between the aponeurosis of the external abdominal oblique and
cremasteric fascia

2. Just inferior to the superficial inguinal ring the ilioinguinal nerve lies
laterally within the spermatic cord; here, it penetrates the external sper-
matic fascia and provides sensory innervation to the skin of the anterior
scrotum and upper medial thigh

F. Round ligament of the uterus
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1. Not part of the spermatic cord, but represents the comparable female
structure occupying the inguinal canal; it is a band of fibrous tissue that
courses retroperitoneally from the uterus to the deep inguinal ring and
then through the inguinal canal

2. At the superficial inguinal ring, the ilioinguinal nerve lies lateral to the
round ligament of the uterus; it provides cutaneous innervation to the
anterior labium majus and upper medial thigh (the genital branch of
the genitofemoral nerve also traverses the inguinal canal and also pro-
vides cutaneous innervation to the anterior labium majus and upper
medial thigh)

3. After emerging from the superficial inguinal ring, the round ligament
of the uterus spreads out and merges with the superficial fascia of the
labium majus; since the round ligament of the uterus develops i situ, it
does not descend through the anterior abdominal wall, and is thus de-
void of fascial sheaths

IT1. Testis
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A. Oval organ covered by a dense connective tissue capsule, the tunica
albuginea; divided into pyramidal lobules by fine connective tissue septa
that extend inward from the tunica albuginea (each lobule contains about
three seminiferous tubules)

B. Associated structures
1. Epididymis
a. C-shaped structure consisting of a single convoluted tube divided into
three regions; the head or caput lies on the superior pole of the tes-
tis, the body or corpus descends along the posterior aspect of the
testis, and the tail or cauda is located at the inferior pole of the testis

(the tail is continuous with the ductus deferens)

b. About 15 efferent ductules transport spermatozoa from the superior
pole of the testis into the head of the epididymis

2. Processus and tunica vaginalis
a. In the embryo, the processus vaginalis is a diverticulum of the pari-
etal peritoneum that evaginates into the inguinal canal and scrotum;
it nearly surrounds the testis and epididymis as the tunica vaginalis

and normally closes off from the peritoneal cavity

b. The visceral layer of the tunica vaginalis covers the epididymis and
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the tunica albuginea of the testis, except at the mediastinum testis,
the posterior region of the testis where blood vessels, nerves, and
exit lymphatics enter and exit the testis; it also lines a deep groove,
the sinus of the epididymis, that intervenes between the testis and
body of the epididymis

. The parietal layer of the tunica vaginalis is fused to the internal sper-
matic fascia

. The closed cavity of the tunica vaginalis contains a small amount of
serous fluid that moistens the apposed parietal and visceral layers of
the tunica vaginalis and allows the testis to move freely in the scrotum

. Clinical note: an abnormal accumulation of serous fluid within the
cavity of the tunica vaginalis is known as a hydrocele
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The Abdominopelvic or
Peritoneal Cavity

I. General Structure
A. Peritoneum

1. Serous membrane lining the peritoneal cavity; it is composed of a pari-
etal and visceral peritoneum

a. Parietal peritoneum lines the outer wall of the peritoneal cavity, that
is, the inner surface of the abdominal and pelvic walls; it receives its
sensory innervation from the same somatic nerves that supply the
abdominal and pelvic walls

b. Visceral peritoneum covers the abdominal and pelvic viscera; it re-
ceives its sensory innervation from the autonomic nerves that sup-
ply the viscera

2. At particular locations, the parietal peritoneum is reflected off the outer
wall of the peritoneal cavity to form bilayered peritoneal sheets called
mesenteries; the peritoneal sheets forming the mesenteries suspend vis-
cera, transmit the nerves and vessels that subserve the viscera, and are
continuous with the visceral peritoneum enclosing the viscera

a. Viscera suspended by mesenteries are often said to lie within the peri-
toneal cavity or to be intraperitoneal; viscera not suspended within
the peritoneal cavity by mesenteries are said to lie outside the peri-
toneal cavity or to be retroperitoneal

b. Some mesenteries are called omenta or “ligaments”
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B. Greater sac

1. Main region of the peritoneal cavity extending from the diaphragm to
the floor of the pelvis; its associated mesenteries, recesses, and gutters
are noted below

2. Subphrenic recesses

a. The right and left subphrenic recesses are narrow spaces of the
greater sac between the liver and diaphragm on the right and left
sides of the falciform ligament

1. The falciform ligament is a bilayered peritoneal sheet connect-
ing the liver to the anterior abdominal wall and diaphragm; its
peritoneal layers are continuous with the parietal peritoneum
covering the inner surface of the anterior abdominal wall, the
parietal peritoneum covering the inferior surface of the dia-
phragm, and the visceral peritoneum covering the diaphragmatic
surface of the liver

2. The ligamentum teres hepatis (round ligament of the liver) lies
within the inferior free border of the falciform ligament; it is a
fibrous remnant of the left umbilical vein and extends from the
umbilicus to the portal vein

b. The right subphrenic recess is limited posteriorly by the coronary
ligament

1. The coronary ligament is a single peritoneal sheet that attaches
the superior surface of the liver to the inferior surface of the dia-
phragm; it is continuous anteriorly with the right layer of the
falciform ligament

2. Laterally, on the right, the coronary ligament reflects back on
itself to form the bilayered right triangular ligament

3. The posterior layer of the right triangular ligament becomes the
hepatorenal ligament, as it diverges from the anterior layer to
enclose the bare area of the liver; the hepatorenal ligament at-
taches the posterior surface of the liver to the posterior abdomi-
nal wall and right kidney

c¢. The left subphrenic recess is limited posteriorly by the anterior layer
of the left triangular ligament, which is continuous anteriorly with
the left layer of the falciform ligament; laterally, on the left, the an-
terior layer of the left triangular ligament reflects back on itself,
however, in contrast to the right triangular ligament, the posterior
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layer of the left triangular ligament does not separate from the an-
terior layer to enclose a bare area of the liver

d. The posterior layer of the left triangular ligament and the hepato-
renal ligament unite posteriorly at the junction of the caudate and
left lobes of the liver to form a bilayered peritoneal sheet called the
lesser omentum; the attachment of the lesser omentum to the liver
extends inferiorly on the visceral surface of the liver in the groove
for the ligamentum venosum between the caudate and left lobes of
the liver and, most inferiorly, encloses the porta hepatis

3. Hepatorenal recess (pouch): region of the greater sac located between
the right lobe of the liver and the right kidney; it is bounded superiorly
by the hepatorenal ligament and, in the supine position, is the lowest
point in the peritoneal cavity

4. The gutter to the right of the mesentery of the small intestine is limited
superiorly by the transverse mesocolon and inferiorly by the ileocolic junc-
tion; the gutter to the left of the mesentery of the small intestine is limited
superiorly by the transverse mesocolon and opens inferiorly into the pelvis

5. The right and left paracolic gutters lie lateral to the ascending and de-
scending colons, respectively

a. The right paracolic gutter communicates superiorly with the hepato-
renal recess, and the left paracolic gutter is limited superiorly by the
phrenicocolic ligament, a fold of peritoneum between the left colic
flexure and diaphragm,; inferiorly, both paracolic gutters extend into
the pelvis

b. Clinical note: gutters provide pathways for the spread of infectious
material within the peritoneal cavity; for example, the right paracolic
gutter may serve as a conduit for the spread of infectious material
from the appendix to the hepatorenal recess

C. Lesser sac (omental bursa)

1. Small region of the peritoneal cavity posterior to the stomach and lesser
omentum; its omenta and recesses are noted below

2. Lesser omentum

a. Bilayered peritoneal sheet extending from the groove for the liga-
mentum venosum and porta hepatis on the visceral surface of the liver
to the abdominal portion of the esophagus, the lesser curvature of
the stomach, and the superior part of the duodenum; it is composed
of the hepatogastric and hepatoduodenal ligaments
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b. Hepatogastric ligament: the part of the lesser omentum extending
from the groove for the ligamentum venosum to the abdominal por-
tion of the esophagus and lesser curvature of the stomach

c. Hepatoduodenal ligament: the part of the lesser omentum extend-
ing from the porta hepatis to the superior part of the duodenum; it
terminates inferiorly in a free border which contains the common bile
duct, proper hepatic artery, portal vein, autonomic nerve fibers, and
lymphatics

3. Greater omentum

a. Extends from the greater curvature of the stomach to the posterior
abdominal wall; composed of the gastrocolic, gastrosplenic (gastro-
lienal), and splenorenal (lienorenal) ligaments

b. Gastrocolic ligament (often referred to as the greater omentum)

1. Alarge and often fat-laden apron composed of two bilayered peri-
toneal sheets that enclose the inferior recess of the lesser sac; the
two bilayered peritoneal sheets of the gastrocolic ligament
(greater omentum) are often fused and the inferior recess of the
lesser sac obliterated

2. Its anterior bilayer drapes from the distal two-thirds of the greater
curvature of the stomach anterior to the transverse colon and
small intestine before reflecting superiorly as the posterior bilayer;
the posterior bilayer ascends posterior to the anterior bilayer on
the small intestine and transverse colon, adhering to the latter
and to the superior surface of the transvers